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暗物质存在的证据

在"子弹星系团 “ 观测
到的暗物质与X射线可
见重子⽓体 (红⾊区域) 
的空间分离现象 

宇宙接近 84% 
物质为非重子的
暗物质

星系旋转曲线
宇宙微波背景

引力透镜效应

FIG. 17: Optical (left) and X-ray (right) observations of the Bullet Cluster showing the distribution of
galaxies and hot gas, respectively. Projected mass density reconstructed from weak lensing is superimposed
on both panels (green contours); thin white lines indicate locations of the density peaks for the Bullet
and main cluster (at 68.3%, 95.5%, and 99.7% CL), separated by 720 kpc. White bar indicates 200 kpc.
Reprinted from Ref. [299].

After the Bullet Cluster’s discovery [296], several other dissociative cluster mergers have
been found. Those for which direct constraints on self-interactions have been quoted include
DLSCL J0916.2+2951 (Musket Ball Cluster) [316, 317], MACS J0025.4-1222 (Baby Bul-
let) [318], CIZA J2242.8+5301 (Sausage Cluster) [319, 320, 321], and ACT-CL J0102-4915 (El
Gordo) [322, 323, 324], Abell 520 (Train Wreck Cluster) [325, 326], and Abell 2744 (Pandora’s
Cluster) [327, 328, 329]. Among substructure mergers, Abell 3827 has received considerable
attention for its implications for SIDM [127, 330, 331, 332].

Musket Ball Cluster: This system is a binary merger between roughly equal mass subclusters
(2 � 3 ⇥ 1014 M�) along a collision axis inclined ⇠ 45� to the plane of the sky [303, 316]. A
feature of this merger is the large physical separation ⇠ 1.3 Mpc between the subclusters, which
implies that this system has evolved post-collision 2�5 times longer than the Bullet Cluster [316].
Unfortunately this does not directly translate into an enhanced sensitivity to self-interactions since,
according to SIDM simulations, galaxy-DM offsets do not continue to grow with time after halo
passage [129, 306, 307]. One subcluster in this system appears to have an offset ⇠ 130 kpc
between the weak lensing mass peak and its corresponding galactic centroid, with the former
trailing the latter along the merger axis [317]. However, the statistical significance of this offset is
not high (less than 2�) and does not exclude collisionless CDM [316, 317].

Baby Bullet Cluster: Two subclusters with equal mass (2.5 ⇥ 1014 M�) have undergone a
merger oriented in the plane of the sky. The mass lensing peaks for both subclusters are con-
cident with their respective galactic luminosity centroids, implying that DM appears collisionless,
while the peak of the gas density is offset from both subclusters and is located between them [318].

Sausage Cluster: This system is dominated by two massive subclusters (1015 M�) that have
undergone a merger in the plane of the sky, as evidenced by the high polarization fraction of the
prominent radio relics that trace the shock fronts [319, 320, 321]. Weak lensing observations reveal
two distinct mass peaks separated by ⇠ 1 Mpc, while the X-ray emission region is mainly located
between the mass peaks and is highly elongated along the merger axis [320, 321]. Interestingly,
the mass peaks for both subclusters lag behind their respective galactic luminosity centroids by
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暗物质侯选者

APPEC report,  2104.97634

DM in dark sectorVery little clues on DM 
spin, mass, interaction

对于在 keV-TeV 质量区间的暗物质可以⽤ Dark sector来解释。
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复合希格斯模型
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复合希格斯模型的形成机制类似于QCD,  UV 规范群是渐进⾃自由的；主要

特征包括 与SM部分存在Misalignment 以及一些普适关系。

Running of UV gauge 
coupling

⇤HC ⇠ 10 TeV

(  )

H

mh

UV 渐进⾃自由规范群在 ~ 10 TeV
能标产生禁闭效应,  Hyper-Color
费⽶米⼦子凝聚成复合态,  包括Higgs.

最小模型是 SU(4)/Sp(4), no DM

所有 CHM 的 规范玻⾊色⼦子相互作⽤用会
展现出⼀一些普适关系 

                         ,                     , 定义了陪

集空间         ，电弱破缺由真空转置促发
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<latexit sha1_base64="FkD8how16W2noOgDXq5kB6iPM70=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CIxVUkXWJAqWBiLRNpKbYgc12msOk5kO0hVlJmFX2FhACFWvoCNv8FpM0DLka50fM698r3HTxiVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKTBwcs1j0fSQJo5w4iipG+okgKPIZ6fmT68LvPRAhaczv1DQhboTGnAYUI6UlzzxuOF42RCwJUQ4vIST3GYXzN+x7Yd6oeWbdalozwGVil6QOSnQ882s4inEaEa4wQ1IObCtRboaEopiRvDZMJUkQnqAxGWjKUUSkm81OyeGpVkYwiIUuruBM/T2RoUjKaeTrzgipUC56hfifN0hVcOFmlCepIhzPPwpSBlUMi1zgiAqCFZtqgrCgeleIQyQQVjq9IgR78eRl0m01batp37bq7asyjio4AifgDNjgHLTBDegAB2DwCJ7BK3gznowX4934mLdWjHLmEPyB8fkDfRKY1Q==</latexit><latexit sha1_base64="FkD8how16W2noOgDXq5kB6iPM70=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CIxVUkXWJAqWBiLRNpKbYgc12msOk5kO0hVlJmFX2FhACFWvoCNv8FpM0DLka50fM698r3HTxiVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKTBwcs1j0fSQJo5w4iipG+okgKPIZ6fmT68LvPRAhaczv1DQhboTGnAYUI6UlzzxuOF42RCwJUQ4vIST3GYXzN+x7Yd6oeWbdalozwGVil6QOSnQ882s4inEaEa4wQ1IObCtRboaEopiRvDZMJUkQnqAxGWjKUUSkm81OyeGpVkYwiIUuruBM/T2RoUjKaeTrzgipUC56hfifN0hVcOFmlCepIhzPPwpSBlUMi1zgiAqCFZtqgrCgeleIQyQQVjq9IgR78eRl0m01batp37bq7asyjio4AifgDNjgHLTBDegAB2DwCJ7BK3gznowX4934mLdWjHLmEPyB8fkDfRKY1Q==</latexit><latexit sha1_base64="FkD8how16W2noOgDXq5kB6iPM70=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CIxVUkXWJAqWBiLRNpKbYgc12msOk5kO0hVlJmFX2FhACFWvoCNv8FpM0DLka50fM698r3HTxiVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKTBwcs1j0fSQJo5w4iipG+okgKPIZ6fmT68LvPRAhaczv1DQhboTGnAYUI6UlzzxuOF42RCwJUQ4vIST3GYXzN+x7Yd6oeWbdalozwGVil6QOSnQ882s4inEaEa4wQ1IObCtRboaEopiRvDZMJUkQnqAxGWjKUUSkm81OyeGpVkYwiIUuruBM/T2RoUjKaeTrzgipUC56hfifN0hVcOFmlCepIhzPPwpSBlUMi1zgiAqCFZtqgrCgeleIQyQQVjq9IgR78eRl0m01batp37bq7asyjio4AifgDNjgHLTBDegAB2DwCJ7BK3gznowX4934mLdWjHLmEPyB8fkDfRKY1Q==</latexit><latexit sha1_base64="FkD8how16W2noOgDXq5kB6iPM70=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CIxVUkXWJAqWBiLRNpKbYgc12msOk5kO0hVlJmFX2FhACFWvoCNv8FpM0DLka50fM698r3HTxiVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZwKTBwcs1j0fSQJo5w4iipG+okgKPIZ6fmT68LvPRAhaczv1DQhboTGnAYUI6UlzzxuOF42RCwJUQ4vIST3GYXzN+x7Yd6oeWbdalozwGVil6QOSnQ882s4inEaEa4wQ1IObCtRboaEopiRvDZMJUkQnqAxGWjKUUSkm81OyeGpVkYwiIUuruBM/T2RoUjKaeTrzgipUC56hfifN0hVcOFmlCepIhzPPwpSBlUMi1zgiAqCFZtqgrCgeleIQyQQVjq9IgR78eRl0m01batp37bq7asyjio4AifgDNjgHLTBDegAB2DwCJ7BK3gznowX4934mLdWjHLmEPyB8fkDfRKY1Q==</latexit>

⌃↵ = U↵⌃0UT
↵

<latexit sha1_base64="9DCgt0gu2kYxBDAgBf0Rp6oX0o4="></latexit><latexit sha1_base64="9DCgt0gu2kYxBDAgBf0Rp6oX0o4="></latexit><latexit sha1_base64="9DCgt0gu2kYxBDAgBf0Rp6oX0o4="></latexit><latexit sha1_base64="9DCgt0gu2kYxBDAgBf0Rp6oX0o4="></latexit>

G/H
<latexit sha1_base64="DAiXIDYCLm8t36SiFkPxaZal0kk=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBlsBVc16UaXRRd2WcFeoA1lMp20QycXZiZCCcGNr+LGhSJufQp3vo2TNoi2/jDw8Z9zmHN+N+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsCG2RkIei62JJOQtoSzHFaTcSFPsupx13cp3VO/dUSBYGd2oaUcfHo4B5jGClrYF5VOn7WI0J5slNev7DjbQyMMtW1ZoJLYOdQxlyNQfmZ38YktingSIcS9mzrUg5CRaKEU7TUj+WNMJkgke0pzHAPpVOMjshRafaGSIvFPoFCs3c3xMJ9qWc+q7uzHaUi7XM/K/Wi5V36SQsiGJFAzL/yIs5UiHK8kBDJihRfKoBE8H0roiMscBE6dRKOgR78eRlaNeqtlW1b2vl+lUeRxGO4QTOwIYLqEMDmtACAg/wBC/wajwaz8ab8T5vLRj5zCH8kfHxDcnIlwU=</latexit><latexit sha1_base64="DAiXIDYCLm8t36SiFkPxaZal0kk=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBlsBVc16UaXRRd2WcFeoA1lMp20QycXZiZCCcGNr+LGhSJufQp3vo2TNoi2/jDw8Z9zmHN+N+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsCG2RkIei62JJOQtoSzHFaTcSFPsupx13cp3VO/dUSBYGd2oaUcfHo4B5jGClrYF5VOn7WI0J5slNev7DjbQyMMtW1ZoJLYOdQxlyNQfmZ38YktingSIcS9mzrUg5CRaKEU7TUj+WNMJkgke0pzHAPpVOMjshRafaGSIvFPoFCs3c3xMJ9qWc+q7uzHaUi7XM/K/Wi5V36SQsiGJFAzL/yIs5UiHK8kBDJihRfKoBE8H0roiMscBE6dRKOgR78eRlaNeqtlW1b2vl+lUeRxGO4QTOwIYLqEMDmtACAg/wBC/wajwaz8ab8T5vLRj5zCH8kfHxDcnIlwU=</latexit><latexit sha1_base64="DAiXIDYCLm8t36SiFkPxaZal0kk=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBlsBVc16UaXRRd2WcFeoA1lMp20QycXZiZCCcGNr+LGhSJufQp3vo2TNoi2/jDw8Z9zmHN+N+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsCG2RkIei62JJOQtoSzHFaTcSFPsupx13cp3VO/dUSBYGd2oaUcfHo4B5jGClrYF5VOn7WI0J5slNev7DjbQyMMtW1ZoJLYOdQxlyNQfmZ38YktingSIcS9mzrUg5CRaKEU7TUj+WNMJkgke0pzHAPpVOMjshRafaGSIvFPoFCs3c3xMJ9qWc+q7uzHaUi7XM/K/Wi5V36SQsiGJFAzL/yIs5UiHK8kBDJihRfKoBE8H0roiMscBE6dRKOgR78eRlaNeqtlW1b2vl+lUeRxGO4QTOwIYLqEMDmtACAg/wBC/wajwaz8ab8T5vLRj5zCH8kfHxDcnIlwU=</latexit><latexit sha1_base64="DAiXIDYCLm8t36SiFkPxaZal0kk=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBlsBVc16UaXRRd2WcFeoA1lMp20QycXZiZCCcGNr+LGhSJufQp3vo2TNoi2/jDw8Z9zmHN+N+JMKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsCG2RkIei62JJOQtoSzHFaTcSFPsupx13cp3VO/dUSBYGd2oaUcfHo4B5jGClrYF5VOn7WI0J5slNev7DjbQyMMtW1ZoJLYOdQxlyNQfmZ38YktingSIcS9mzrUg5CRaKEU7TUj+WNMJkgke0pzHAPpVOMjshRafaGSIvFPoFCs3c3xMJ9qWc+q7uzHaUi7XM/K/Wi5V36SQsiGJFAzL/yIs5UiHK8kBDJihRfKoBE8H0roiMscBE6dRKOgR78eRlaNeqtlW1b2vl+lUeRxGO4QTOwIYLqEMDmtACAg/wBC/wajwaz8ab8T5vLRj5zCH8kfHxDcnIlwU=</latexit>
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SU(4)/Sp(4) CHM

Bound states

spin SU(4)⇥SU(6) Sp(4)⇥SO(6) names

QQ 0 (6, 1) (1, 1) �
(5, 1) ⇡

�� 0 (1, 21) (1, 1) �c
(1, 20) ⇡c

�QQ 1/2 (6, 6) (1, 6)  1

1

(5, 6)  5

1

�Q̄Q̄ 1/2 (6, 6) (1, 6)  1

2

(5, 6)  5

2

Q�̄Q̄ 1/2 (1, 6̄) (1, 6)  3

Q�̄Q̄ 1/2 (15, 6̄) (5, 6)  5

4

(10, 6)  10

4

Q̄�µQ 1 (15, 1) (5, 1) a
(10, 1) ⇢

�̄�µ� 1 (1, 35) (1, 20) ac
(1, 15) ⇢c

Haiying Cai (IPNL, France) Colored Scalars 4 / 24

Coloured pions 
octet and sextet

Top partners  for   
SM tL and tR

EW Vector (axial)  
 resonances

Higgs doubletCacciapaglia, HC, et al. 
JHEP 1507.02283

Belyaev, HC, et al.  
PRD 1512.07242

Buarque,  HC, et al. 
JHEP 1605.01363

Cacciapaglia, HC, et al.
PRD 1502.04718

Belyaev, HC, et al. 
JHEP 1610.06591

UV费⽶⼦                                            在发生TC凝聚后, 可以得到自旋量子数不同的共振态. 4 Q     ,   6 X in Sp(2Nc)
Barnard et al JHEP 02(2014)002;Ferretti et al JHEP 03(2014) 077
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非最小 CHM 中的暗物质

• 非最小 CHM 中暗物质由 TC 费⽶⼦凝聚⽣成, 质量                             
通常带有自相互作用, 有利于星系小尺度结构问题。

& O(102)GeV
<latexit sha1_base64="ACPtmScTjmKNN6xA6s8Mu3UDZ/I=">AAACCXicbVC7TsMwFHXKq5RXgJHFokUqS5V0gbGCATaKRB9SEyrHdVurthPZDlIVZWXhV1gYQIiVP2Djb3DaDNBypCsdnXOv7r0niBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VRhLTFo4ZKHsBkgRRgVpaaoZ6UaSIB4w0gkml5nfeSBS0VDc6WlEfI5Ggg4pRtpIfRtWvJE2NoceR3qMEUtu0mriOvf19LRyRdp9u+zUnBngMnFzUgY5mn37yxuEOOZEaMyQUj3XibSfIKkpZiQtebEiEcITNCI9QwXiRPnJ7JMUnhhlAIehNCU0nKm/JxLElZrywHRm56pFLxP/83qxHp77CRVRrInA80XDmEEdwiwWOKCSYM2mhiAsqbkV4jGSCGsTXsmE4C6+vEza9Zrr1NzberlxkcdRBEfgGFSBC85AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwCjN5j8</latexit><latexit sha1_base64="ACPtmScTjmKNN6xA6s8Mu3UDZ/I=">AAACCXicbVC7TsMwFHXKq5RXgJHFokUqS5V0gbGCATaKRB9SEyrHdVurthPZDlIVZWXhV1gYQIiVP2Djb3DaDNBypCsdnXOv7r0niBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VRhLTFo4ZKHsBkgRRgVpaaoZ6UaSIB4w0gkml5nfeSBS0VDc6WlEfI5Ggg4pRtpIfRtWvJE2NoceR3qMEUtu0mriOvf19LRyRdp9u+zUnBngMnFzUgY5mn37yxuEOOZEaMyQUj3XibSfIKkpZiQtebEiEcITNCI9QwXiRPnJ7JMUnhhlAIehNCU0nKm/JxLElZrywHRm56pFLxP/83qxHp77CRVRrInA80XDmEEdwiwWOKCSYM2mhiAsqbkV4jGSCGsTXsmE4C6+vEza9Zrr1NzberlxkcdRBEfgGFSBC85AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwCjN5j8</latexit><latexit sha1_base64="ACPtmScTjmKNN6xA6s8Mu3UDZ/I=">AAACCXicbVC7TsMwFHXKq5RXgJHFokUqS5V0gbGCATaKRB9SEyrHdVurthPZDlIVZWXhV1gYQIiVP2Djb3DaDNBypCsdnXOv7r0niBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VRhLTFo4ZKHsBkgRRgVpaaoZ6UaSIB4w0gkml5nfeSBS0VDc6WlEfI5Ggg4pRtpIfRtWvJE2NoceR3qMEUtu0mriOvf19LRyRdp9u+zUnBngMnFzUgY5mn37yxuEOOZEaMyQUj3XibSfIKkpZiQtebEiEcITNCI9QwXiRPnJ7JMUnhhlAIehNCU0nKm/JxLElZrywHRm56pFLxP/83qxHp77CRVRrInA80XDmEEdwiwWOKCSYM2mhiAsqbkV4jGSCGsTXsmE4C6+vEza9Zrr1NzberlxkcdRBEfgGFSBC85AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwCjN5j8</latexit><latexit sha1_base64="ACPtmScTjmKNN6xA6s8Mu3UDZ/I=">AAACCXicbVC7TsMwFHXKq5RXgJHFokUqS5V0gbGCATaKRB9SEyrHdVurthPZDlIVZWXhV1gYQIiVP2Djb3DaDNBypCsdnXOv7r0niBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VRhLTFo4ZKHsBkgRRgVpaaoZ6UaSIB4w0gkml5nfeSBS0VDc6WlEfI5Ggg4pRtpIfRtWvJE2NoceR3qMEUtu0mriOvf19LRyRdp9u+zUnBngMnFzUgY5mn37yxuEOOZEaMyQUj3XibSfIKkpZiQtebEiEcITNCI9QwXiRPnJ7JMUnhhlAIehNCU0nKm/JxLElZrywHRm56pFLxP/83qxHp77CRVRrInA80XDmEEdwiwWOKCSYM2mhiAsqbkV4jGSCGsTXsmE4C6+vEza9Zrr1NzberlxkcdRBEfgGFSBC85AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwCjN5j8</latexit>

• 拓展UV 费⽶⼦结构能⾃然地引⼊暗物质宇称, TC 凝聚不会破坏      ，
从而确保暗物质稳定.

Z2
<latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit>

HC et al,  JHEP 08 (2023) 051

在 Real 或 Pseudo-Real 的CHM中, 额外的UV费⽶⼦可以是奇宇称, 并且是
暗物质的组分. 在Complex的CHM中, 宇称是左右交换对称性.

04/12/2022, 8)14 PMLvMEV.png 522×306 pixels

Page 1 of 1https://i.stack.imgur.com/LvMEV.png

类似于QCD, CHM中CP-odd的pNGB通常
可以通过拓扑项衰变到双玻色子

构造复合暗物质模型时引⼊的       对称使得
WZW作用遵守暗物质宇称

Z2
<latexit sha1_base64="jQylw6vJhxj8d63VzU3D8uNQmMA="></latexit><latexit sha1_base64="jQylw6vJhxj8d63VzU3D8uNQmMA="></latexit><latexit sha1_base64="jQylw6vJhxj8d63VzU3D8uNQmMA="></latexit><latexit sha1_base64="jQylw6vJhxj8d63VzU3D8uNQmMA="></latexit>
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 SU(6)/SO(6) 模型

HC et al.  PRD 103(2021) 055002,  JHEP 10(2019) 035

2 ⇧ =

0

BBBBB@

'+ ⌘1p
3
12 ⇤

p
2H1

p
2H2

⇤† �'+ ⌘1p
3
12 �

p
2fH1 �

p
2fH2

p
2H†

1 �
p
2fH1

†
2
⇣

⌘3p
2
� ⌘1p

3

⌘ p
2⌘2

p
2H†

2 �
p
2fH2

† p
2⌘2 �2

⇣
⌘3p
2
+ ⌘1p

3

⌘

1

CCCCCA

<latexit sha1_base64="TgYcgRdUNALZIQw+xVW5PCKxA3o="></latexit><latexit sha1_base64="TgYcgRdUNALZIQw+xVW5PCKxA3o="></latexit><latexit sha1_base64="TgYcgRdUNALZIQw+xVW5PCKxA3o="></latexit><latexit sha1_base64="TgYcgRdUNALZIQw+xVW5PCKxA3o="></latexit>

CP-odd 
暗物质

UV理论决定了EFT中复合暗物质的宇称 HC et al,  JHEP 08 (2023) 051

           因为内部含有一个奇宇称的      而成为暗物质候选者H2 & ⌘2
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parity is equivalent to exchange the flavor groups SU(N)l $ SU(N)r. Defining Xi as the

SU(N) generators, the parity with the property of ⌦DMXi,T⌦†

DM
= ±Xi is in fact the EW

preserving vacuum that breaks SU(N) ! SO(N) or Sp(N). As a concrete example, the odd

parity pNGBs in SU(5)2/SU(5) CHM decompose as (2, 2) � (1, 3) � (3, 1) under the EW

SU(2)L⇥SU(2)R symmetry. Due to this parity, the WZW term structure in SU(N)2/SU(N)

is the same as in SU(N)/SO(N) or SU(N)/Sp(N). In the following, we will mainly illustrate the

features of the resulting two minimal models with dark matter: SU(6)/SO(6) and SU(6)/Sp(6).

2.1 SU(6)/SO(6)

The minimal set of fundamental fermions consists of two doublets with opposite hypercharge

and a singlet. Hence, we include a second singlet, odd under the dark parity. The fermion

content is illustrated in Table 1.

Real SU(2)L U(1)Y SU(2)R Z2

 D1 2 1/2
2

+

 D2 2 �1/2 +

 S1 1 0 1 +

 S2 1 0 1 �

Table 1: Hyper-Color fermions in the case of real realization, and their quantum numbers.

The two fermions  D1 and  D2 transform as bi-doublet under the SU(2)L ⇥ SU(2)R with

U(1)Y ⇢ SU(2)R.The last two columns indicate the global symmetries, i.e. the custodial

SU(2)R and the dark parity.

Upon condensation, the symmetry breaking pattern SU(6)/SO(6) emerges, leading to

20 pNGBs. A subset of them will be odd under the dark Z2, hence playing the role of Dark

Matter candidates [14, 22]. We summarise here their main features, in preparation for the

inclusion of top partners. The SU(2)L ⇥ SU(2)R generators that are invariant under Z2 are:

S1,2,3
L

=
1

2

 
2 ⌦ �i

02

!
, S1,2,3

R
=

1

2

 
�i ⌦ 2

02

!
(2.3)

that satisfy the condition Si

L/R
⌃EW + ⌃EWSiT

L/R
= 0, with the EW preserving vacuum to be:

⌃EW =

0

B@
i�2

�i�2

2

1

CA . (2.4)

The ⇧ matrix in the SU(6)/SO(6) CHM can be written as

2 ⇧ =

0

BBBBB@

'+ ⌘1p
3 2 ⇤

p
2H1

p
2H2

⇤† �'+ ⌘1p
3 2 �

p
2fH1 �

p
2fH2

p
2H†

1 �
p
2fH1

†

2
⇣

⌘3p
2
� ⌘1p

3

⌘ p
2⌘2

p
2H†

2 �
p
2fH2

† p
2⌘2 �2

⇣
⌘3p
2
+ ⌘1p

3

⌘

1

CCCCCA
, (2.5)
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2.2 Discrete symmetries: CP and DM parity

Our model features a global SO(2) ⇠ U(1) global symmetry that is preserved by gauge

interactions and by the techni-fermion mass only for ↵ = 0, i.e. before the electroweak

symmetry breaking. This symmetry actually coincides with the rotation U(�) described in

the previous section. In the Appendix B, we provide an alternative complex basis (U(1) basis)

where the two Higgs doublets form a complex bi-doublet, H1 + iH2, and two CP-odd singlets

form a complex singlet ⌘3 � i⌘2, which are charged under this symmetry. In the complex basis,

the U(�) is a e±i� mapping in the lower (2⇥ 2) block compared with the real basis (SO(2)

basis). As a consequence once the electroweak symmetry breaking is induced, the ratio of two

vacuum expectation values tan� can be rotated away as a phase, while the trace of SO(2)

symmetry breaking is encoded in the mass splitting for the real and imaginary part of the

complex field. However when we examine the gauge boson couplings with 2 pNGB fields, we

can find no interaction for a single ⌘2 particle at the quadratic order, signalling a protection

from an extra symmetry. Indeed, even after the Higgs obtains its VEV, our theory still enjoys

a discrete Z2 parity (with determinant �1), under which the second doublet and one singlet

are odd. This parity denoted by

⌦DM =

0

B@
2

2

�3

1

CA , ⌦DM⌃↵(H2, ⌘2)⌦DM = ⌃↵(�H2,�⌘2) , (2.25)

can be used to define a Dark Matter candidate. In the complex basis, the dark matter

candidate is simply the imaginary part of the complex doublet and singlet. Although ⌦DM is

a good symmetry within the ↵ angle misaligned vacuum, such parity will be broken by the

U(�) rotation due to the property of ⌦DMU(�)⌦DM 6= U(�)†. This indicates that the SM

fermions can not couple to the second Higgs in order to conserve the Dark Matter parity, as

we will discuss more in detals in section 2.4.

In our e↵ective theory, the CP parity is well defined from the operation which can

hermitian conjugate the sigma matrix and change the sign of CP-odd particles. In the real

basis, the CP operator is accidentally the remnant symmetry of U(�), (note that ⌦CP is not a

subgroup of U(�) in the complex basis):

⌦CP =

0

B@
2

2

� 2

1

CA , ⌦CP⌃(↵,�)(�odd)⌦CP = ⌃†
(↵,�)(��odd) (2.26)

with �odd denoting the CP-odd pNGBs in this model. The operation of ⌦CP.⌃0(x)†.⌦CP, where

⌃0(x) is the sigma field before EWSB, is to change the sign of odd particles and conjugate

them if not neutral. Thus combined with the operation of ⌦CP.U(↵,�).⌦CP = U(↵,�)⇤, a

hermitian conjugation e↵ect is produced for the sigma field after the vacuum misalignment.

Unlike the DM parity discussed above, the CP operation is compatible with both the ↵ and

� angles in our model. As we can see, under this parity the CP-even fields are h, H0,± and

�0 = �
i

2(⇤0 � ⇤⇤
0) and the other fields are CP-odd.

– 8 –

SU(5)/SO(5)

⌦DM⌃↵ (H2, ⌘2)⌦DM

= ⌃↵(�H2,�⌘2)
<latexit sha1_base64="3A2+yomAL8sOyKc3ZTRkJlJHYjs="></latexit><latexit sha1_base64="3A2+yomAL8sOyKc3ZTRkJlJHYjs="></latexit><latexit sha1_base64="3A2+yomAL8sOyKc3ZTRkJlJHYjs="></latexit><latexit sha1_base64="3A2+yomAL8sOyKc3ZTRkJlJHYjs="></latexit>
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pNGB 暗物质

蓝⾊和红⾊叠加区域满⾜所有条件
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HC et al.  JHEP 10(2019) 035 ;  PRD 103(2021) 055002
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奇宇称 Top Partner

SU(6)/SO(6) 和 SU(6)/Sp(6) CHM的顶夸克伴
⼦可以在保留的不变⼦群中进⾏归类:

15 ! (2, 2)� (1, 3)� (3, 1)

� (2, 2)� (1, 1)
<latexit sha1_base64="4fzxrtI61hWh0lcmDkOFr3lSkCU="></latexit><latexit sha1_base64="4fzxrtI61hWh0lcmDkOFr3lSkCU="></latexit><latexit sha1_base64="4fzxrtI61hWh0lcmDkOFr3lSkCU="></latexit><latexit sha1_base64="4fzxrtI61hWh0lcmDkOFr3lSkCU="></latexit>

HC Cacciapaglia,  JHEP 08 (2023) 051

SO(6)⇥SO(6) Sp(6)⇥SO(6)

GHC SO(7) SO(9) SO(11) Sp(4)

  � or  ̄ ̄� (15,6) (1,6) (21,6) (1,6)

(20,6) (14,6)

  ̄�̄ (1,6) (1,6)

  ̄�̄ (15,6)� (20,6) (14,6)� (21,6)

Table 3: Top partners in two SU(6) CHMs are classified with respect to the unbroken

flavor subgroups and GHC is the Hyper-Color gauge group.

top partner   � (or  ̄ ̄�) is a fundamental representation in SO(7) or SO(9) with specific

symmetry as a decomposition of tensor square.

For GHC = SO(7), the   � gives rise to a two-index anti-symmetric representation 15 in

SO(6). Under the custodial SU(2)L⇥SU(2)R, it decomposes as

15 ! (2, 2)� (2, 2)� (1, 3)� (3, 1)� (1, 1) . (3.6)

The top partners carrying a single Z2-odd HC fermion will be odd under the operation of dark

parity. Hence, the top partner field can be written as

 15 =  (3,1) + (1,3) + (2,2) +  ̃(2,2) +  ̃(1,1) , (3.7)

where the various components are expressed in the following form:

 (3,1) = i

0

BBBBBBBBBBB@

0 0 �
X 5

3p
2

X 2
3
2 0 0

0 0
X 2

3
2

X� 1
3p
2

0 0
X 5

3p
2

�
X 2

3
2 0 0 0 0

�
X 2

3
2 �

X� 1
3p
2

0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

1

CCCCCCCCCCCA

,  (1,3) = i

0

BBBBBBBBBBB@

0 �
Y 5

3p
2

0
Y 2

3
2 0 0

Y 5
3p
2

0 �
Y 2

3
2 0 0 0

0
Y 2

3
2 0

Y� 1
3p
2

0 0

�
Y 2

3
2 0 �

Y� 1
3p
2

0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

1

CCCCCCCCCCCA

,

 (2,2) =
1p
2

0

BBBBBBB@

0 0 0 0 X 0

0 0 0 0 TX 0

0 0 0 0 T 0

0 0 0 0 B 0

�X �TX �T �B 0 0

0 0 0 0 0 0

1

CCCCCCCA

,  ̃(2,2) =
1p
2

0

BBBBBBB@

0 0 0 0 0 X̃

0 0 0 0 0 T̃X

0 0 0 0 0 T̃

0 0 0 0 0 B̃

0 0 0 0 0 0

�X̃ �T̃X �T̃ �B̃ 0 0

1

CCCCCCCA

,

– 9 –

⌦DM  ̃(2,2)⌦DM = � ̃(2,2)
<latexit sha1_base64="FwQOR0+KvhAbMCqe4UbW8z0S8Lo="></latexit><latexit sha1_base64="FwQOR0+KvhAbMCqe4UbW8z0S8Lo="></latexit><latexit sha1_base64="FwQOR0+KvhAbMCqe4UbW8z0S8Lo="></latexit><latexit sha1_base64="FwQOR0+KvhAbMCqe4UbW8z0S8Lo="></latexit>

⌦DM  ̃(1,1)⌦DM = � ̃(1,1)
<latexit sha1_base64="7kPkrKeflYyqBi6p8bLdZPWRNCc="></latexit><latexit sha1_base64="7kPkrKeflYyqBi6p8bLdZPWRNCc="></latexit><latexit sha1_base64="7kPkrKeflYyqBi6p8bLdZPWRNCc="></latexit><latexit sha1_base64="7kPkrKeflYyqBi6p8bLdZPWRNCc="></latexit>

 类似pNGB, 顶夸克伴⼦子也有      宇称：Z2
<latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit><latexit sha1_base64="9g9f2sXFWeYLvYYCaABpBDLXmL8=">AAAB9XicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjBwlgk+hBtqBzXaa3aTmQ7oCrqf7AwgBAr/8LG3+C0GaDlSJaOzrlX9/gEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJdeZ3HqnSLJJ3ZhpTX+CRZCEj2FjpodoX2IyDIL2fDerVQbni1tw50CrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMLprNRPNI0xmeAR7VkqsaDaT+epZ+jMKkMURso+adBc/b2RYqH1VAR2Mgupl71M/M/rJSa89FMm48RQSRaHwoQjE6GsAjRkihLDp5ZgopjNisgYK0yMLapkS/CWv7xK2vWa59a823qlcZXXUYQTOIVz8OACGnADTWgBAQXP8ApvzpPz4rw7H4vRgpPvHMMfOJ8/tOWR+Q==</latexit>

以及 Higgs portal & contact 顶⾓ (nonlinearity)的贡献

暗物质通过奇宇称顶夸克伴⼦ 的Dark Yukawa 相互作⽤产⽣

顶夸克伴⼦内部有 3个 TC费⽶⼦，
可放在2-index 反对称或对称表象  
(取决于UV规范群):
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暗物质参数空间
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ChS=0.0, Sin[α]=0.02
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(GeV)

250

500

750

1000

1250

1500

SU(6)/Sp(6) 

HC, Cacciapaglia,  JHEP 08 (2023) 051; JHEP 12(2022) 104

CHM中的pNGB暗物质可以提供PLANK观测到的丰度。与顶夸克伴⼦相关的 
Dark Yukawa coupling ⼏乎不受暗物质直接观测的限制(LUX-ZEPLIN, etc).
New results: 真空转置导致电弱精确参数 S, T 在CHM中是发散的.
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强 CP 问题

!11

dn ⇠ 3⇥ 10�16✓̄ e · cm
 3⇥ 10�26 e · cm

<latexit sha1_base64="nMgMobHsEh29/xJgJLc+DZz+ITE="></latexit><latexit sha1_base64="nMgMobHsEh29/xJgJLc+DZz+ITE="></latexit><latexit sha1_base64="nMgMobHsEh29/xJgJLc+DZz+ITE="></latexit><latexit sha1_base64="nMgMobHsEh29/xJgJLc+DZz+ITE="></latexit>

) ✓̄ . 10�10
<latexit sha1_base64="UaZ6O/D+dzW3KvqU/sfkgxME7Ro="></latexit><latexit sha1_base64="UaZ6O/D+dzW3KvqU/sfkgxME7Ro="></latexit><latexit sha1_base64="UaZ6O/D+dzW3KvqU/sfkgxME7Ro="></latexit><latexit sha1_base64="UaZ6O/D+dzW3KvqU/sfkgxME7Ro="></latexit>

�

n p

⇡± ⇡±

n

FIG. 3: The Feynman diagram giving the leading-order contribution to the neutron eDM.

where p (p0) is the incoming (outgoing) momentum of the neutron, and q is the incoming momentum of the photon.
Anticipating that ✓ is small, we have performed a Taylor series in ✓ as well as taken the leading-order piece in q.
⇤ ⇠ 4⇡f⇡ is the UV cuto↵ of our theory of pions.

Let us now pretend that the neutron has an eDM in the Lagrangian,

L � dnFµ⌫n�µ⌫i�5n. (37)

This would correspond to a diagram with the matrix element

iM = 2dn✏⇤
µ
(q)u(p0)�µ⌫q⌫i�5u(p). (38)

Comparing this with Eq. 36, we see that

dn =
e✓gAc+µ

8⇡2f2
⇡

log
⇤2

m2
⇡

⇠ 3 ⇥ 10�16 ✓ e cm. (39)

Finally, comparing dn to the bounds on the neutron eDM gives

✓ . 10�10 (40)

To show that these results are correct, we can perform an important check that the potential depends exclusively
on ✓ as defined in Eq. 30. To see that ✓ is the only physical quantity, we remind the reader of the QCD Lagrangian

L � muei✓uuuc + mde
i✓dddc +

✓g2
s

32⇡2
GG̃. (41)

Two anomalous symmetries constrain the theory :

u ! ei↵u, ✓u ! ✓u � ↵, ✓ ! ✓ + ↵ (42)

and

d ! ei↵d, ✓d ! ✓d � ↵, ✓ ! ✓ + ↵. (43)

These anomalous symmetries are simply a reflection of how you’re defining your quarks, so any physical quantity
is invariant under these anomalous symmetries. It is easy to see that the only invariant quantity is ✓ and thus any
physical answer can only depend on ✓.

Unfortunately, the Strong CP literature is often not clear about ✓ versus ✓. People (this author included) will
often be sloppy in their notation and simply write ✓ when they mean ✓. While I will try to be careful in this review,
the reader should be alert in general and use context to determine if the author means ✓ or just ✓.

IV. THE ✓ VACUA

In this section, we are motivated by two confusing puzzles whose solutions lie in what is known as the ✓ vacua.
The first is the following statement : If we start with the Lagrangian

L � �1

4
G2 +

✓g2
s

32⇡2
GG̃ (44)

9

/ ✓̄
<latexit sha1_base64="RrGjo0zWbU42JSXBEKkdPMA6bFc="></latexit><latexit sha1_base64="RrGjo0zWbU42JSXBEKkdPMA6bFc="></latexit><latexit sha1_base64="RrGjo0zWbU42JSXBEKkdPMA6bFc="></latexit><latexit sha1_base64="RrGjo0zWbU42JSXBEKkdPMA6bFc="></latexit>

Phys.Rev.Lett 124 081803
Arxiv: 1812.02669

L � ✓̄g2s
32⇡2

Ga
µ⌫G̃

aµ⌫ , ✓̄ = ✓ + arg det(yuyd)
<latexit sha1_base64="qRrEE7Co+NH162E7z3Fh1OPcouo="></latexit><latexit sha1_base64="qRrEE7Co+NH162E7z3Fh1OPcouo="></latexit><latexit sha1_base64="qRrEE7Co+NH162E7z3Fh1OPcouo="></latexit><latexit sha1_base64="qRrEE7Co+NH162E7z3Fh1OPcouo="></latexit>

Invariant CPV parameter

描述强相互作用的QCD拉氏量中可以加入一个产生CP 破坏的拓扑项，同时费米子
的手征变换通过路径积分测度可以使得 强 CP 相位产生位移。        

         相互作用中CP-odd 项正⽐比于    ,  中子电偶极矩实验可以给出限制：⇡NN
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强 CP 的解决方案 （1）

!12

UD D = CO O

FIG. 2: A axion solution to the Strong CP problem is treating the neutron like CO2. If the angle between the up and down
quarks is dynamical, it will relax itself to the minimum energy configuration that has no dipole moment. This dynamical
angle is called the axion.

B. Solutions

There are three solutions to the Strong CP problem that can be described at the classical level. The first requires
that parity be a good symmetry of nature. Under parity, space goes to minus itself.

P : ~x ! �~x. (5)

We first consider a neutron whose spin and eDM point in the same direction, ŝ = d̂n. Remembering that angular
momentum is ~s = ~r ⇥ ~p, we have under parity,

P : d ! �d, s ! s. (6)

Thus a neutron is taken from ŝ = d̂n to ŝ = �d̂n under parity. We have studied the neutron and it is an experimental
fact that there is only a single neutron whose spin is 1/2. Thus the only option is for the neutron to go to itself under
parity. The only way for both ŝ = d̂n and ŝ = �d̂n to be true is if the dipole moment is zero. This is the parity
solution to the Strong CP problem. However, experimentally we have observed that parity is maximally broken
by the weak interactions. Thus it is a bad symmetry of nature and any application to the Strong CP problem is
necessarily more complicated.

The second classical solution is time-reversal (T) symmetry, typically called charge parity (CP) symmetry due
to the fact that the combined CPT symmetry is a good symmetry of nature. Under time reversal,

T : t ! �t. (7)

Considering again a neutron whose spin and eDM point in the same direction, ŝ = d̂n, we find that under time
reversal,

T : d ! d, s ! �s. (8)

As before, a neutron is taken from ŝ = d̂n to ŝ = �d̂n. By the same reasoning, this again means that the neutron
eDM must be zero. As with parity, CP or equivalently T is not a symmetry of nature and is in fact maximally broken
since the CP-violating phase in the CKM matrix is about ⇡/3.

The last solution that can be seen at the classical level is the axion solution. The situation of having two negative
charges on opposite sides of a positive charge seems very natural, just look at CO2. The plus charged carbon is
exactly between the two oxygens with the equilibrium condition being that the angle between the two bonds is
exactly ⇡ or in terms of the angle ✓ = 0. The critical idea for making this situation work is that the angle between
the two bonds is dynamical. If the initial angle is not ✓ = 0, it quickly relaxes to 0. Motivated by this example, the
axion solution is the idea that the angle ✓ is dynamical and can change. It can be proven that the minimum will
always be at ✓ = 0 [4] and the Strong CP problem is solved.

III. THE STRONG CP PROBLEM AT THE QUANTUM LEVEL

We now formulate the Strong CP problem at the quantum level. As the Strong CP problem is a question about
the properties of the neutron, we need to develop a theory of neutrons and low-energy QCD. In this section, we
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强CP相位为零的经典图形

强CP 相位小于 10^{-10} 是一个自然性问题，需要恰当的机制来解释

Arxiv: 1812.02669

(1) 理论存在无质量夸克

✓̄ ! ✓̄ + 2↵ = 0
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如果                                    ,  则理论中存在⼀个额外arg det(MuMd) = 0
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的手征对称性                    , 可以将强CP相位转为零:      u ! ei↵ u
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当我们⽆法定义⼀个不变的强CP相位时，   不是
物理的观测量。
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但标准模型中不存在无质量夸克
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强 CP 的解决方案 （2）

!13

引入一个具有QCD 反常的 U(1)PQ 全局对称，在KSVZ实现中，

需要加⼊⼀个复标量 以及至少一对 Vector-like 夸克： 

（2）

V = �m2��† + �
�
��†�2 + y�qqc + h.c.
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当复标量获得VEV,  U(1)PQ 对称⾃发破缺：

Instanton 产⽣的轴⼦势能可动态地将QCD反常项驱动为零

Vmin ) ✓̄ = ✓QCD + hai/fa = 0
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� = (fa + r) ei a/fa
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 :  QCD Axiona
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Peccei and Quinn, Phys.Rev.Lett 38, 1440; Phys.ReV.D 16,1791

(3)  新物理理论在UV能标具有 P /CP  对称性, 在红外 
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我们提出一个新的在UV能标时镜像夸克⽆质量的强 CP 解决方案。
以 Pati-Salam 模型为基础，加入Lepton-color 将夸克/轻⼦统⼀起来，
模型的规范群为：

As h�i = ⇤GUT while h�̂i = 0, such operators would shift the Yukawa couplings in the SM sector,
hence generating a contribution to ✓̄ in the SM sector:

�✓̄SM ⇠ ⇤n
GUT

M
n
Pl

Im(kn) ⇠ 10�3n Im(kn) . (4)

Hence, one would need

Im(k1) . 10�7
, Im(k2) . 10�4

, Im(k3) . 10�1
, (5)

to pass current bounds.

2) Scalar operators involving � and �1, such as:

a(n,m,l)

M
n+m+2l�4
Pl

(�n + �̂n)(�1�
†
1)

l
�
m
1 + h.c. (6)

This included the usual operators for n = 0, while n = 2 is the minimal one containing the GUT
scalars.

3) Masses for the PQ fermions, such as

b(n,m)

M
n+m�1
Pl

(�n �̂m
 15 15 + �̂n �m

 ̂15 ̂15) , n,m � 2 . (7)

Such operators would generate a PQ-violating mass for the PQ fermions in the SM sector (via b(n,0))
and in the mirror sector (via b(0,m)). Similar operators could be added for the singlets.

Operators of type 1 are always dangerous, as they introduce a di↵erent phase between the SM and
mirror sectors, independently on the solution we adopt. They can be rendered harmless by lowering the
scale ⇤ where the mirror symmetry is broken: this can be achieved by giving up the GUT embedding,
instead only extend the QCD group, with the minimal case given by the fourth-color (see next section).

Operators of type 2 a↵ect the potential for the axion generated by �1. The most dangerous have n = 0,
while n � 2 ones are more suppressed by powers of ⇤n

GUT/M
n
Pl.

2 Mirror fourth-color and lilac confinement

Instead of using a GUT model, which SM-GUT and mirror symmetry necessarily broken at high scale
⇤GUT & 1016 GeV, we can employ a simpler model that enlarges the QCD color group without unification
with the EW symmetry.

The prime example is the fourth-color Pati-Salam theory [?], where SU(3)c ! SU(4) to unify quarks
with leptons (the lepton color was called ‘lilac’). The gauge group is

GPS = SU(4)⇥ SU(2)L ⇥ U(1)R , (8)

3

SM夸克
轻⼦子

凝聚生成
NGB

GPS Z3 U(1)PQ U(1)B+L SU(3)q SU(3)u SU(3)d Mirror

 
i

q
(4, 2, 0) 1 1 1 3 � �  ̂q

 
i

u
(4̄, 1,�1/2) 1 1 �1 � 3̄ �  ̂u

 
i

d
(4̄, 1, 1/2) 1 1 �1 � � 3̄  ̂d

Hu (1, 2, 1/2) 1 �2 0 � � � Ĥu

Hd (1, 2,�1/2) 1 �2 0 � � � Ĥd

� (4, 1, 1/2) 0 0 0 � � � �̂
 

i

s
(1, 1, 0) 2 �1 1 � � � ⇥

�1 (1, 1, 0) 2 � � � � � ⇥

Table 2: Minimal Pati-Salam mirror model with DFSZ-type PQ symmetry, with neutrino mass mechanism.

3 Introducing neutrino masses

To generate proper neutrino masses, one can introduce three singlets  i

s
(no need to include mirror copies

at this state), so that a coupling of this form is allowed:

y1

⇣
� u + �̂ ̂u

⌘
 s + h.c. (80)

Upon � getting a VEV, this will generate a Dirac mass for the right-handed neutrinos in the visible sector.
Their introduction shifts the Zn(grav)2 and (Zn)3 anomalies by �A = �3, so that only Z3 can be gauged.

No other renormalizable interactions of  s can be added, which respect the gauged Z3 symmetry, in
particular no Majorana mass term. A small one, however, needs to be induced to generate an inverse
see-saw mechanism.

One source comes from Planck suppressed operators, such as:

1

MP

⇣
sHHHuHd + ̂sHHĤuĤd

⌘
 s s + h.c. (81)

Both terms will generate a Majorana mass of the order of

µ ⇡
v
2

MP
. (82)

Hence, one can estimate

m⌫ ⇠
v
4

⇤2
PSMP

(83)

which is too small.
One can add a new mediator in the form of a singlet �1 with Z3 charge 2, with renormalizable couplings:

m

⇣
HuHd + ĤuĤd

⌘
�†

1 + ⇣  s s�1 + h.c. (84)

11

引入
U(1)
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h�i = (0, 0, 0,⇤PS)
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                               引起对称自发破缺 SU(4)⇥ U(1)R ! SU(3)C ⇥ U(1)Y
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                                  在Visible和Mirror空间定义了共同的U(1) PQ Symmetry.⇠ (HuHd)
⇣
ĤuĤd

⌘⇤

<latexit sha1_base64="Mht6sooJD6bC/Op4+QHV4zQb2ro="></latexit><latexit sha1_base64="Mht6sooJD6bC/Op4+QHV4zQb2ro="></latexit><latexit sha1_base64="Mht6sooJD6bC/Op4+QHV4zQb2ro="></latexit><latexit sha1_base64="Mht6sooJD6bC/Op4+QHV4zQb2ro="></latexit>

          对质量的修正将使得镜像电弱规范群不产⽣对称⾃发破缺，镜像夸克

在 Confinement 前无质量, 通过 U(1) PQ symmetry 可以将          转动为零.✓̄mir
<latexit sha1_base64="6fVXwsR2/5shz+qIeed5TkCkTqA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWGz3bRLdzdhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeXEmuAHP+3YqK6tr6xvVzdrW9s7unrt/0DFprilr01SkuhsTwwRXrA0cBOtmmhEZC/YQj26m/sMj04an6h7GGQslGSiecErASpF7FMRE4wCGDEhUBFpiyfUkcutew5sBLxO/JHVUohW5X0E/pblkCqggxvR8L4OwIBo4FWxSC3LDMkJHZMB6lioimQmL2fkTfGqVPk5SbUsBnqm/JwoijRnL2HZKAkOz6E3F/7xeDslVWHCV5cAUnS9KcoEhxdMscJ9rRkGMLSFUc3srpkOiCQWbWM2G4C++vEw65w3fa/h3F/XmdRlHFR2jE3SGfHSJmugWtVAbUVSgZ/SK3pwn58V5dz7mrRWnnDlEf+B8/gAn45Wa</latexit><latexit sha1_base64="6fVXwsR2/5shz+qIeed5TkCkTqA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWGz3bRLdzdhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeXEmuAHP+3YqK6tr6xvVzdrW9s7unrt/0DFprilr01SkuhsTwwRXrA0cBOtmmhEZC/YQj26m/sMj04an6h7GGQslGSiecErASpF7FMRE4wCGDEhUBFpiyfUkcutew5sBLxO/JHVUohW5X0E/pblkCqggxvR8L4OwIBo4FWxSC3LDMkJHZMB6lioimQmL2fkTfGqVPk5SbUsBnqm/JwoijRnL2HZKAkOz6E3F/7xeDslVWHCV5cAUnS9KcoEhxdMscJ9rRkGMLSFUc3srpkOiCQWbWM2G4C++vEw65w3fa/h3F/XmdRlHFR2jE3SGfHSJmugWtVAbUVSgZ/SK3pwn58V5dz7mrRWnnDlEf+B8/gAn45Wa</latexit><latexit sha1_base64="6fVXwsR2/5shz+qIeed5TkCkTqA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWGz3bRLdzdhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeXEmuAHP+3YqK6tr6xvVzdrW9s7unrt/0DFprilr01SkuhsTwwRXrA0cBOtmmhEZC/YQj26m/sMj04an6h7GGQslGSiecErASpF7FMRE4wCGDEhUBFpiyfUkcutew5sBLxO/JHVUohW5X0E/pblkCqggxvR8L4OwIBo4FWxSC3LDMkJHZMB6lioimQmL2fkTfGqVPk5SbUsBnqm/JwoijRnL2HZKAkOz6E3F/7xeDslVWHCV5cAUnS9KcoEhxdMscJ9rRkGMLSFUc3srpkOiCQWbWM2G4C++vEw65w3fa/h3F/XmdRlHFR2jE3SGfHSJmugWtVAbUVSgZ/SK3pwn58V5dz7mrRWnnDlEf+B8/gAn45Wa</latexit><latexit sha1_base64="6fVXwsR2/5shz+qIeed5TkCkTqA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWGz3bRLdzdhdyKUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeXEmuAHP+3YqK6tr6xvVzdrW9s7unrt/0DFprilr01SkuhsTwwRXrA0cBOtmmhEZC/YQj26m/sMj04an6h7GGQslGSiecErASpF7FMRE4wCGDEhUBFpiyfUkcutew5sBLxO/JHVUohW5X0E/pblkCqggxvR8L4OwIBo4FWxSC3LDMkJHZMB6lioimQmL2fkTfGqVPk5SbUsBnqm/JwoijRnL2HZKAkOz6E3F/7xeDslVWHCV5cAUnS9KcoEhxdMscJ9rRkGMLSFUc3srpkOiCQWbWM2G4C++vEw65w3fa/h3F/XmdRlHFR2jE3SGfHSJmugWtVAbUVSgZ/SK3pwn58V5dz7mrRWnnDlEf+B8/gAn45Wa</latexit>

⇤2
PS

<latexit sha1_base64="mIo6H1g8VBy5KYETBzxQ6gV2WLc=">AAACCXicbVC7SgNBFL3r2/hatbQZIoJV2E2jZdDGwiKiMYEkhtnJjQ6ZfTBzVwzLtjb+io2FIrb+gZ1g4ac4eRS+Dgwczrln5s4JEiUNed67MzU9Mzs3v7BYWFpeWV1z1zfOTZxqgTURq1g3Am5QyQhrJElhI9HIw0BhPegfDv36NWoj4+iMBgm2Q34ZyZ4UnKzUcVmL8IZG92SBSjHPWsc23eWdrHqaX5TzjrvtlbwR2F/iT8h2pbj78QkA1Y771urGIg0xIqG4MU3fS6idcU1SKMwLrdRgwkWfX2LT0oiHaNrZaIOc7Vily3qxticiNlK/JzIeGjMIAzsZcroyv72h+J/XTKm3385klKSEkRg/1EsVo5gNa2FdqVGQGljChZZ2VyauuOaCbHkFW4L/+8t/yXm55Hsl/8S2cQBjLMAWFGEXfNiDChxBFWog4Bbu4RGenDvnwXl2XsajU84kswk/4Lx+AbginSw=</latexit><latexit sha1_base64="zgs3LbMXVo+4ol1iSgMqp05PZrg=">AAACCXicbVC7TgJBFJ3FF+ILtbSZaEyoyC4NlkQbCwuM8khYJLPDBSbMPjJz10g229r4Cf6CjYXG2FrZ2hn9GAewUPEkk5ycc8/MneNFUmi07XcrMze/sLiUXc6trK6tb+Q3t+o6jBWHGg9lqJoe0yBFADUUKKEZKWC+J6HhDY/GfuMSlBZhcI6jCNo+6weiJzhDI3Xy1EW4wsk9iSdjSBP3xKS7rJNUz9KLUtrJ79lFewI6S5xvslfZLXx+lF9vq538m9sNeexDgFwyrVuOHWE7YQoFl5Dm3FhDxPiQ9aFlaMB80O1kskFK943Spb1QmRMgnag/EwnztR75npn0GQ70X28s/ue1YuwdtBMRRDFCwKcP9WJJMaTjWmhXKOAoR4YwroTZlfIBU4yjKS9nSnD+fnmW1EtFxy46p6aNQzJFluyQXVIgDimTCjkmVVIjnFyTO/JAHq0b6956sp6noxnrO7NNfsF6+QLWNp7C</latexit><latexit sha1_base64="zgs3LbMXVo+4ol1iSgMqp05PZrg=">AAACCXicbVC7TgJBFJ3FF+ILtbSZaEyoyC4NlkQbCwuM8khYJLPDBSbMPjJz10g229r4Cf6CjYXG2FrZ2hn9GAewUPEkk5ycc8/MneNFUmi07XcrMze/sLiUXc6trK6tb+Q3t+o6jBWHGg9lqJoe0yBFADUUKKEZKWC+J6HhDY/GfuMSlBZhcI6jCNo+6weiJzhDI3Xy1EW4wsk9iSdjSBP3xKS7rJNUz9KLUtrJ79lFewI6S5xvslfZLXx+lF9vq538m9sNeexDgFwyrVuOHWE7YQoFl5Dm3FhDxPiQ9aFlaMB80O1kskFK943Spb1QmRMgnag/EwnztR75npn0GQ70X28s/ue1YuwdtBMRRDFCwKcP9WJJMaTjWmhXKOAoR4YwroTZlfIBU4yjKS9nSnD+fnmW1EtFxy46p6aNQzJFluyQXVIgDimTCjkmVVIjnFyTO/JAHq0b6956sp6noxnrO7NNfsF6+QLWNp7C</latexit><latexit sha1_base64="o7Qz/TwI5ty9HeJLQIdhb2YxDec=">AAACCXicbVC5TgMxFPRyhnAtUNJYREhU0W4aKCNoKCiCIIeUDSuv85JY8R6y3yKi1bY0/AoNBQjR8gd0/A3OUUDCSJZGM2/s5wkSKTQ6zre1tLyyurZe2Chubm3v7Np7+w0dp4pDnccyVq2AaZAigjoKlNBKFLAwkNAMhhdjv3kPSos4usVRAp2Q9SPRE5yhkXybeggPOLknC2QKeeZdmXSX+VntJr+r5L5dcsrOBHSRuDNSIjPUfPvL68Y8DSFCLpnWbddJsJMxhYJLyIteqiFhfMj60DY0YiHoTjbZIKfHRunSXqzMiZBO1N+JjIVaj8LATIYMB3reG4v/ee0Ue2edTERJihDx6UO9VFKM6bgW2hUKOMqRIYwrYXalfMAU42jKK5oS3PkvL5JGpew6ZffaKVXPZ3UUyCE5IifEJaekSi5JjdQJJ4/kmbySN+vJerHerY/p6JI1yxyQP7A+fwCnU5rm</latexit>



Haiying CAI 

复合动⼒力力学机制
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<latexit sha1_base64="S91h7RvOudxs+hPJ3SAZ/+Oaz8Q="></latexit><latexit sha1_base64="S91h7RvOudxs+hPJ3SAZ/+Oaz8Q="></latexit><latexit sha1_base64="S91h7RvOudxs+hPJ3SAZ/+Oaz8Q="></latexit><latexit sha1_base64="S91h7RvOudxs+hPJ3SAZ/+Oaz8Q="></latexit>

⇠HuHdhĥ0
ui⇤hĥ0

di⇤ + h.c.
<latexit sha1_base64="lj2h8ZfZAIMIFKt2Yv2YPEsRXpQ="></latexit><latexit sha1_base64="Lzxak3OaTp/O+He9SzhTBxpSQY0="></latexit><latexit sha1_base64="Lzxak3OaTp/O+He9SzhTBxpSQY0="></latexit><latexit sha1_base64="23wJCmiHOcl9U2vcn1pRzav4+/0=">AAACNXicbVDLSgMxFM3UV62vqks3wSKIwpBxo8uimy5cVLAP6LRDJk07oZnMkGTEMvSn3PgfrnThQhG3/oKZdhBtPXDhcM65JPf4MWdKI/RiFZaWV1bXiuuljc2t7Z3y7l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oKvNbd1QqFolbPY5pN8RDwQaMYG0kr3zt3jNY8xIzfehyLIacQjfAGgZe0kPQlVOpdzJn9lCW/zFPA5vY0CtXkI2mgIvEyUkF5Kh75Se3H5EkpEITjpXqOCjW3RRLzQink5KbKBpjMsJD2jFU4JCqbjq9egKPjNKHg0iaERpO1d8bKQ6VGoe+SYZYB2rey8T/vE6iBxfdlIk40VSQ2UODhEMdwaxC2GeSEs3HhmAimfkrJAGWmGhTdMmU4MyfvEiaZ7aDbOcGVaqXeR1FcAAOwTFwwDmoghqogwYg4AE8gzfwbj1ar9aH9TmLFqx8Zx/8gfX1DasXqOI=</latexit>
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◆

<latexit sha1_base64="oxXEwdbVHemZkTlXFlvypdzL2ng="></latexit><latexit sha1_base64="4dAWbHMFk5q96E7/HyJP3Fg5cT4="></latexit><latexit sha1_base64="4dAWbHMFk5q96E7/HyJP3Fg5cT4="></latexit><latexit sha1_base64="j7veRiEkJaX5b9aU20wgHEjdjPU="></latexit>

= 0

Yukawa相互作用在镜像凝聚后生成 Tadpole项，诱导镜像 Higgs 产⽣VEV:
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<latexit sha1_base64="FK8BEQVvykWjjZnA7QyOd75sc5g="></latexit><latexit sha1_base64="FK8BEQVvykWjjZnA7QyOd75sc5g="></latexit><latexit sha1_base64="FK8BEQVvykWjjZnA7QyOd75sc5g="></latexit><latexit sha1_base64="FK8BEQVvykWjjZnA7QyOd75sc5g="></latexit>

 ̂F  ̂F̄ ! cF f
3
4 exp

✓
i⌘0p
2NF f4

◆
· U · IINF ; detU = 1

<latexit sha1_base64="28XC6XQSuQSjTr/swNUL/rYj9jE="></latexit><latexit sha1_base64="wNPiwoDxINgQfT1ArgAF421hdi0="></latexit><latexit sha1_base64="wNPiwoDxINgQfT1ArgAF421hdi0="></latexit><latexit sha1_base64="MJyg21V+pTVD73vYkHi0+PSZDDE="></latexit>

镜像夸克在                      能标凝聚:                                , f4 � ⇤QCD
<latexit sha1_base64="WGv4g0TKYZJnxgw1a3I3LZW9uT8=">AAACFHicbVC7SgNBFL3r2/iKWtoMPkAQwq4IWga1sLBQMCpkwzI7uRsHZx/M3BXDsh9h46doY6GIrYWdH2LvJLHwdWDgcM59zQkzJQ257rszNDwyOjY+MVmZmp6ZnavOL5yaNNcCGyJVqT4PuUElE2yQJIXnmUYehwrPwsu9nn92hdrINDmhboatmHcSGUnByUpBdcMnvKb+nCJUOZZFFGwxv9Nh/qGd0uZB4euYHe/tl2VQXXFrbh/sL/G+yEp99ePuEQCOguqb305FHmNCQnFjmp6bUavgmqRQWFb83GDGxSXvYNPShMdoWkX/mJKtWaXNolTblxDrq987Ch4b041DWxlzujC/vZ74n9fMKdppFTLJcsJEDBZFuWKUsl5CrC01ClJdS7jQ0t7KxAXXXJDNsWJD8H5/+S853ax5bs07tmnswgATsATLsA4ebEMdDuAIGiDgBu7hEZ6cW+fBeXZeBqVDzlfPIvyA8/oJxIOhhg==</latexit><latexit sha1_base64="yfdW6wSN7LOE5zBB8AqqWNc2Jx0=">AAACFHicbVC7SgNBFJ31GeMramkz+ABBCLsiaCnGwsIiglEhG5bZyd1kyOyDmbtiWPYjbPwUbSyUYGth54do7SSx0MQDA4dz7muOn0ih0bY/rInJqemZ2cJccX5hcWm5tLJ6qeNUcajxWMbq2mcapIighgIlXCcKWOhLuPI7lb5/dQNKizi6wG4CjZC1IhEIztBIXmnXRbjFwZzMlynkWeDtU7fVou6ZmdJkXuaqkJ5XTvLcK23aZXsAOk6cH7J5tPX50LuZ/6p6pXe3GfM0hAi5ZFrXHTvBRsYUCi4hL7qphoTxDmtB3dCIhaAb2eCYnG4bpUmDWJkXIR2ovzsyFmrdDX1TGTJs61GvL/7n1VMMDhuZiJIUIeLDRUEqKca0nxBtCgUcZdcQxpUwt1LeZopxNDkWTQjO6JfHyeVe2bHLzrlJ45gMUSDrZIPsEIcckCNySqqkRji5I4/kmbxY99aT1bNeh6UT1k/PGvkD6+0bvSOjAA==</latexit><latexit sha1_base64="yfdW6wSN7LOE5zBB8AqqWNc2Jx0=">AAACFHicbVC7SgNBFJ31GeMramkz+ABBCLsiaCnGwsIiglEhG5bZyd1kyOyDmbtiWPYjbPwUbSyUYGth54do7SSx0MQDA4dz7muOn0ih0bY/rInJqemZ2cJccX5hcWm5tLJ6qeNUcajxWMbq2mcapIighgIlXCcKWOhLuPI7lb5/dQNKizi6wG4CjZC1IhEIztBIXmnXRbjFwZzMlynkWeDtU7fVou6ZmdJkXuaqkJ5XTvLcK23aZXsAOk6cH7J5tPX50LuZ/6p6pXe3GfM0hAi5ZFrXHTvBRsYUCi4hL7qphoTxDmtB3dCIhaAb2eCYnG4bpUmDWJkXIR2ovzsyFmrdDX1TGTJs61GvL/7n1VMMDhuZiJIUIeLDRUEqKca0nxBtCgUcZdcQxpUwt1LeZopxNDkWTQjO6JfHyeVe2bHLzrlJ45gMUSDrZIPsEIcckCNySqqkRji5I4/kmbxY99aT1bNeh6UT1k/PGvkD6+0bvSOjAA==</latexit><latexit sha1_base64="ZwSneZUUMYKb9J2UzBvnRmtr/cU=">AAACFHicbVC7SgNBFJ31bXxFLW0GgyAIYVcELYNaWFgkYGIguyyzs3fj4OyDmbtiWPYjbPwVGwtFbC3s/Bsnj0KNBwYO59zXnCCTQqNtf1kzs3PzC4tLy5WV1bX1jermVkenueLQ5qlMVTdgGqRIoI0CJXQzBSwOJFwHt2dD//oOlBZpcoWDDLyY9RMRCc7QSH71wEW4x9GcIpA5lEXkH1G336fupZkSMr9wVUxbZ+dl6Vdrdt0egU4TZ0JqZIKmX/10w5TnMSTIJdO659gZegVTKLiEsuLmGjLGb1kfeoYmLAbtFaNjSrpnlJBGqTIvQTpSf3YULNZ6EAemMmZ4o/96Q/E/r5djdOIVIslyhISPF0W5pJjSYUI0FAo4yoEhjCthbqX8hinG0eRYMSE4f788TTqHdceuOy271jidxLFEdsgu2ScOOSYNckGapE04eSBP5IW8Wo/Ws/VmvY9LZ6xJzzb5BevjG/oTnrc=</latexit>

SU(6)2 ! SU(6)
<latexit sha1_base64="Wy+3cIDULtNGFzf3yT5fsV0ypmA=">AAAB+nicbZDLTsJAFIZP8YZ4K7p0M5GY4Ia0xKhLohuXGC2QQCXTYQoTppfMTDWk8ihuXGiMW5/EnW/jULpQ8E8m+fKfczLn/F7MmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835JRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/N6u0HKiSLwjs1iakb4GHIfEaw0lbfLN861bOT+zrqqQhl3DcrVs3KhJbBzqECuZp986s3iEgS0FARjqXs2las3BQLxQin01IvkTTGZIyHtKsxxAGVbpqtPkXH2hkgPxL6hQpl7u+JFAdSTgJPdwZYjeRibWb+V+smyr9wUxbGiaIhmX/kJxzpM2c5oAETlCg+0YCJYHpXREZYYKJ0WiUdgr148jK06jXbqtk3p5XGZR5HEQ7hCKpgwzk04Bqa4ACBR3iGV3gznowX4934mLcWjHzmAP7I+PwB0XGRwg==</latexit><latexit sha1_base64="Wy+3cIDULtNGFzf3yT5fsV0ypmA=">AAAB+nicbZDLTsJAFIZP8YZ4K7p0M5GY4Ia0xKhLohuXGC2QQCXTYQoTppfMTDWk8ihuXGiMW5/EnW/jULpQ8E8m+fKfczLn/F7MmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835JRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/N6u0HKiSLwjs1iakb4GHIfEaw0lbfLN861bOT+zrqqQhl3DcrVs3KhJbBzqECuZp986s3iEgS0FARjqXs2las3BQLxQin01IvkTTGZIyHtKsxxAGVbpqtPkXH2hkgPxL6hQpl7u+JFAdSTgJPdwZYjeRibWb+V+smyr9wUxbGiaIhmX/kJxzpM2c5oAETlCg+0YCJYHpXREZYYKJ0WiUdgr148jK06jXbqtk3p5XGZR5HEQ7hCKpgwzk04Bqa4ACBR3iGV3gznowX4934mLcWjHzmAP7I+PwB0XGRwg==</latexit><latexit sha1_base64="Wy+3cIDULtNGFzf3yT5fsV0ypmA=">AAAB+nicbZDLTsJAFIZP8YZ4K7p0M5GY4Ia0xKhLohuXGC2QQCXTYQoTppfMTDWk8ihuXGiMW5/EnW/jULpQ8E8m+fKfczLn/F7MmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835JRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/N6u0HKiSLwjs1iakb4GHIfEaw0lbfLN861bOT+zrqqQhl3DcrVs3KhJbBzqECuZp986s3iEgS0FARjqXs2las3BQLxQin01IvkTTGZIyHtKsxxAGVbpqtPkXH2hkgPxL6hQpl7u+JFAdSTgJPdwZYjeRibWb+V+smyr9wUxbGiaIhmX/kJxzpM2c5oAETlCg+0YCJYHpXREZYYKJ0WiUdgr148jK06jXbqtk3p5XGZR5HEQ7hCKpgwzk04Bqa4ACBR3iGV3gznowX4934mLcWjHzmAP7I+PwB0XGRwg==</latexit><latexit sha1_base64="Wy+3cIDULtNGFzf3yT5fsV0ypmA=">AAAB+nicbZDLTsJAFIZP8YZ4K7p0M5GY4Ia0xKhLohuXGC2QQCXTYQoTppfMTDWk8ihuXGiMW5/EnW/jULpQ8E8m+fKfczLn/F7MmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835JRIgh1SMQj0fGwpJyF1FFMcdqJBcWBx2nbG1/N6u0HKiSLwjs1iakb4GHIfEaw0lbfLN861bOT+zrqqQhl3DcrVs3KhJbBzqECuZp986s3iEgS0FARjqXs2las3BQLxQin01IvkTTGZIyHtKsxxAGVbpqtPkXH2hkgPxL6hQpl7u+JFAdSTgJPdwZYjeRibWb+V+smyr9wUxbGiaIhmX/kJxzpM2c5oAETlCg+0YCJYHpXREZYYKJ0WiUdgr148jK06jXbqtk3p5XGZR5HEQ7hCKpgwzk04Bqa4ACBR3iGV3gznowX4934mLcWjHzmAP7I+PwB0XGRwg==</latexit>

\SU(2)L ⇥ [U(1)R ! [U(1)Q0
<latexit sha1_base64="O5eKtVoTsag0QvmTMUi7UAUUO0Y="></latexit><latexit sha1_base64="SEfkfgw/fsftoT+0LvIbe1DjHow="></latexit><latexit sha1_base64="SEfkfgw/fsftoT+0LvIbe1DjHow="></latexit><latexit sha1_base64="j/MRmOiA/OrmlLMktDcVrIc+8WA=">AAACLnicbZDLSsNAFIYnXmu9RV26GSxi3ZSkG10WRXDholXTFpoQJpNJO3RyYWailJAncuOr6EJQEbc+htM2iLYeGPj5/nOYc34vYVRIw3jVFhaXlldWS2vl9Y3NrW19Z7ct4pRjYuGYxbzrIUEYjYglqWSkm3CCQo+Rjjc8H/udO8IFjaNbOUqIE6J+RAOKkVTI1S/se+qTAZLZjVWtH+fuFbQlDYmAP4ZVNRW/VjyehZnNQ9g6yl29YtSMScF5YRaiAopquvqz7cc4DUkkMUNC9EwjkU6GuKSYkbxsp4IkCA9Rn/SUjJDayMkm5+bwUBEfBjFXL5JwQn9PZCgUYhR6qjNEciBmvTH8z+ulMjh1MholqSQRnn4UpAyqw8fZQZ9ygiUbKYEwp2pXiAeIIyxVwmUVgjl78rxo12umUTNbRqVxVsRRAvvgAFSBCU5AA1yCJrAABg/gCbyBd+1Re9E+tM9p64JWzOyBP6V9fQOjpqej</latexit>

m⌘0 ⇠ f4
<latexit sha1_base64="C9owkD8s4AKYNxhsOh0fm5qYOI0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyip5JIQY9FLx4r2FpoQthsN+3S3STsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqSSThHZJwhPZD7GinMW0q5nmtJ9KikXI6UM4uZn5D49UKpbE93qaUl/gUcwiRrA2UmDXRZB7VOOzAnmKCRQFrcBuOE1nDrRK3JI0oEQnsL+8YUIyQWNNOFZq4Dqp9nMsNSOcFjUvUzTFZIJHdGBojAVVfj6/vUCnRhmiKJGmYo3m6u+JHAulpiI0nQLrsVr2ZuJ/3iDT0ZWfszjNNI3JYlGUcaQTNAsCDZmkRPOpIZhIZm5FZIwlJtrEVTMhuMsvr5LeRdN1mu5dq9G+LuOowjGcwDm4cAltuIUOdIHAEzzDK7xZhfVivVsfi9aKVc4cwR9Ynz/+4pO+</latexit><latexit sha1_base64="C9owkD8s4AKYNxhsOh0fm5qYOI0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyip5JIQY9FLx4r2FpoQthsN+3S3STsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqSSThHZJwhPZD7GinMW0q5nmtJ9KikXI6UM4uZn5D49UKpbE93qaUl/gUcwiRrA2UmDXRZB7VOOzAnmKCRQFrcBuOE1nDrRK3JI0oEQnsL+8YUIyQWNNOFZq4Dqp9nMsNSOcFjUvUzTFZIJHdGBojAVVfj6/vUCnRhmiKJGmYo3m6u+JHAulpiI0nQLrsVr2ZuJ/3iDT0ZWfszjNNI3JYlGUcaQTNAsCDZmkRPOpIZhIZm5FZIwlJtrEVTMhuMsvr5LeRdN1mu5dq9G+LuOowjGcwDm4cAltuIUOdIHAEzzDK7xZhfVivVsfi9aKVc4cwR9Ynz/+4pO+</latexit><latexit sha1_base64="C9owkD8s4AKYNxhsOh0fm5qYOI0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyip5JIQY9FLx4r2FpoQthsN+3S3STsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqSSThHZJwhPZD7GinMW0q5nmtJ9KikXI6UM4uZn5D49UKpbE93qaUl/gUcwiRrA2UmDXRZB7VOOzAnmKCRQFrcBuOE1nDrRK3JI0oEQnsL+8YUIyQWNNOFZq4Dqp9nMsNSOcFjUvUzTFZIJHdGBojAVVfj6/vUCnRhmiKJGmYo3m6u+JHAulpiI0nQLrsVr2ZuJ/3iDT0ZWfszjNNI3JYlGUcaQTNAsCDZmkRPOpIZhIZm5FZIwlJtrEVTMhuMsvr5LeRdN1mu5dq9G+LuOowjGcwDm4cAltuIUOdIHAEzzDK7xZhfVivVsfi9aKVc4cwR9Ynz/+4pO+</latexit><latexit sha1_base64="C9owkD8s4AKYNxhsOh0fm5qYOI0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyip5JIQY9FLx4r2FpoQthsN+3S3STsbsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MOVMacf5tipr6xubW9Xt2s7u3v6BfVjvqSSThHZJwhPZD7GinMW0q5nmtJ9KikXI6UM4uZn5D49UKpbE93qaUl/gUcwiRrA2UmDXRZB7VOOzAnmKCRQFrcBuOE1nDrRK3JI0oEQnsL+8YUIyQWNNOFZq4Dqp9nMsNSOcFjUvUzTFZIJHdGBojAVVfj6/vUCnRhmiKJGmYo3m6u+JHAulpiI0nQLrsVr2ZuJ/3iDT0ZWfszjNNI3JYlGUcaQTNAsCDZmkRPOpIZhIZm5FZIwlJtrEVTMhuMsvr5LeRdN1mu5dq9G+LuOowjGcwDm4cAltuIUOdIHAEzzDK7xZhfVivVsfi9aKVc4cwR9Ynz/+4pO+</latexit>

mA0 ⇠ O(100)GeV
<latexit sha1_base64="exeqzt3sGAGlbDsTdIAnVY5l5gk=">AAACB3icbVA9SwNBEN2L3/ErainIYhBiE/ZE0DJqoZ0KJgaScOxtJsmS3btjd04MRzob/4qNhSK2/gU7/42bmMKvBwOP92aYmRcmSlpk7MPLTU3PzM7NL+QXl5ZXVgtr6zUbp0ZAVcQqNvWQW1AygipKVFBPDHAdKrgO+ycj//oGjJVxdIWDBFqadyPZkYKjk4LClg6yo4ANadNKTc9LPmO7tIlwi9kp1IZBocjKbAz6l/gTUiQTXASF92Y7FqmGCIXi1jZ8lmAr4walUDDMN1MLCRd93oWGoxHXYFvZ+I8h3XFKm3Zi4ypCOla/T2RcWzvQoevUHHv2tzcS//MaKXYOW5mMkhQhEl+LOqmiGNNRKLQtDQhUA0e4MNLdSkWPGy7QRZd3Ifi/X/5Lantln5X9y/1i5XgSxzzZJNukRHxyQCrkjFyQKhHkjjyQJ/Ls3XuP3ov3+tWa8yYzG+QHvLdPZ4uXvA==</latexit><latexit sha1_base64="exeqzt3sGAGlbDsTdIAnVY5l5gk=">AAACB3icbVA9SwNBEN2L3/ErainIYhBiE/ZE0DJqoZ0KJgaScOxtJsmS3btjd04MRzob/4qNhSK2/gU7/42bmMKvBwOP92aYmRcmSlpk7MPLTU3PzM7NL+QXl5ZXVgtr6zUbp0ZAVcQqNvWQW1AygipKVFBPDHAdKrgO+ycj//oGjJVxdIWDBFqadyPZkYKjk4LClg6yo4ANadNKTc9LPmO7tIlwi9kp1IZBocjKbAz6l/gTUiQTXASF92Y7FqmGCIXi1jZ8lmAr4walUDDMN1MLCRd93oWGoxHXYFvZ+I8h3XFKm3Zi4ypCOla/T2RcWzvQoevUHHv2tzcS//MaKXYOW5mMkhQhEl+LOqmiGNNRKLQtDQhUA0e4MNLdSkWPGy7QRZd3Ifi/X/5Lantln5X9y/1i5XgSxzzZJNukRHxyQCrkjFyQKhHkjjyQJ/Ls3XuP3ov3+tWa8yYzG+QHvLdPZ4uXvA==</latexit><latexit sha1_base64="exeqzt3sGAGlbDsTdIAnVY5l5gk=">AAACB3icbVA9SwNBEN2L3/ErainIYhBiE/ZE0DJqoZ0KJgaScOxtJsmS3btjd04MRzob/4qNhSK2/gU7/42bmMKvBwOP92aYmRcmSlpk7MPLTU3PzM7NL+QXl5ZXVgtr6zUbp0ZAVcQqNvWQW1AygipKVFBPDHAdKrgO+ycj//oGjJVxdIWDBFqadyPZkYKjk4LClg6yo4ANadNKTc9LPmO7tIlwi9kp1IZBocjKbAz6l/gTUiQTXASF92Y7FqmGCIXi1jZ8lmAr4walUDDMN1MLCRd93oWGoxHXYFvZ+I8h3XFKm3Zi4ypCOla/T2RcWzvQoevUHHv2tzcS//MaKXYOW5mMkhQhEl+LOqmiGNNRKLQtDQhUA0e4MNLdSkWPGy7QRZd3Ifi/X/5Lantln5X9y/1i5XgSxzzZJNukRHxyQCrkjFyQKhHkjjyQJ/Ls3XuP3ov3+tWa8yYzG+QHvLdPZ4uXvA==</latexit><latexit sha1_base64="exeqzt3sGAGlbDsTdIAnVY5l5gk=">AAACB3icbVA9SwNBEN2L3/ErainIYhBiE/ZE0DJqoZ0KJgaScOxtJsmS3btjd04MRzob/4qNhSK2/gU7/42bmMKvBwOP92aYmRcmSlpk7MPLTU3PzM7NL+QXl5ZXVgtr6zUbp0ZAVcQqNvWQW1AygipKVFBPDHAdKrgO+ycj//oGjJVxdIWDBFqadyPZkYKjk4LClg6yo4ANadNKTc9LPmO7tIlwi9kp1IZBocjKbAz6l/gTUiQTXASF92Y7FqmGCIXi1jZ8lmAr4walUDDMN1MLCRd93oWGoxHXYFvZ+I8h3XFKm3Zi4ypCOla/T2RcWzvQoevUHHv2tzcS//MaKXYOW5mMkhQhEl+LOqmiGNNRKLQtDQhUA0e4MNLdSkWPGy7QRZd3Ifi/X/5Lantln5X9y/1i5XgSxzzZJNukRHxyQCrkjFyQKhHkjjyQJ/Ls3XuP3ov3+tWa8yYzG+QHvLdPZ4uXvA==</latexit>

Same as 2 Higgs Model

✓̄vis = ✓̄mir =

p
3h⌘0i
f4

= �
3
p
v2u + v2d
vuvd

hA0i
<latexit sha1_base64="38Gb3iEplCdDHH5ZiWviFi3tMas="></latexit><latexit sha1_base64="38Gb3iEplCdDHH5ZiWviFi3tMas="></latexit><latexit sha1_base64="38Gb3iEplCdDHH5ZiWviFi3tMas="></latexit><latexit sha1_base64="38Gb3iEplCdDHH5ZiWviFi3tMas="></latexit>



Haiying CAI 

Quality Problem

!17

In preparation; Cacciapaglia, Csaki, HC, Ma

ZnSU(4)2 ZnSU(2)2 ZnU(1)2R (Zn)2U(1)R Zn(grav)2 (Zn)3

A 12 12 6 0 93 93
<latexit sha1_base64="d8cJ2zXBmOjrCIeeWaVVRVXPXv4="></latexit><latexit sha1_base64="d8cJ2zXBmOjrCIeeWaVVRVXPXv4="></latexit><latexit sha1_base64="d8cJ2zXBmOjrCIeeWaVVRVXPXv4="></latexit><latexit sha1_base64="d8cJ2zXBmOjrCIeeWaVVRVXPXv4="></latexit>

�
�†�

�2

M
2
P

⇣
HuHd + ĤuĤd

⌘

<latexit sha1_base64="vIhtdgqD62YNOpgZ7wKOISfykAY="></latexit><latexit sha1_base64="vIhtdgqD62YNOpgZ7wKOISfykAY="></latexit><latexit sha1_base64="vIhtdgqD62YNOpgZ7wKOISfykAY="></latexit><latexit sha1_base64="vIhtdgqD62YNOpgZ7wKOISfykAY="></latexit>

�
�†�

�

MP
HuHd

⇣
ĤuĤd

⌘

<latexit sha1_base64="KMui2DdLo8C6EXp9NG+j6P+i69c="></latexit><latexit sha1_base64="KMui2DdLo8C6EXp9NG+j6P+i69c="></latexit><latexit sha1_base64="KMui2DdLo8C6EXp9NG+j6P+i69c="></latexit><latexit sha1_base64="KMui2DdLo8C6EXp9NG+j6P+i69c="></latexit>

 ，

6H

M
2
P

(ĤuĤd)
2 (HuHd) + mirror + h.c.

<latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SP7PR9PzaLv2iQSl28qCChp7z/s="></latexit><latexit sha1_base64="SP7PR9PzaLv2iQSl28qCChp7z/s="></latexit><latexit sha1_base64="bHXKalhBmwsiuWQQJmTFCnlzlwM="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit><latexit sha1_base64="UdMtGZl7WDdwpzZaTfPLXZdO7CA="></latexit>

最低阶允许算符为：

U(1)PQ
<latexit sha1_base64="Ut/li79jv700lemDOajEN0vrAks=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTPRI9OIREhdIYEO6pQsNbXdtuyRkw+/w4kFjvPpjvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8f3cb0+o0iyWj2aa0EDgoWQRI9hYKfCr3mU/6ymBGs1Zv1xxa+4CaJ14OalAjka//NUbxCQVVBrCsdZdz01MkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QYZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgrb68TlpXNc+tec3rSv0uj6MIZ3AOVfDgBurwAA3wgcATPMMrvDkT58V5dz6WrQUnnzmFP3A+fwBSeJEm</latexit><latexit sha1_base64="Ut/li79jv700lemDOajEN0vrAks=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTPRI9OIREhdIYEO6pQsNbXdtuyRkw+/w4kFjvPpjvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8f3cb0+o0iyWj2aa0EDgoWQRI9hYKfCr3mU/6ymBGs1Zv1xxa+4CaJ14OalAjka//NUbxCQVVBrCsdZdz01MkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QYZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgrb68TlpXNc+tec3rSv0uj6MIZ3AOVfDgBurwAA3wgcATPMMrvDkT58V5dz6WrQUnnzmFP3A+fwBSeJEm</latexit><latexit sha1_base64="Ut/li79jv700lemDOajEN0vrAks=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTPRI9OIREhdIYEO6pQsNbXdtuyRkw+/w4kFjvPpjvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8f3cb0+o0iyWj2aa0EDgoWQRI9hYKfCr3mU/6ymBGs1Zv1xxa+4CaJ14OalAjka//NUbxCQVVBrCsdZdz01MkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QYZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgrb68TlpXNc+tec3rSv0uj6MIZ3AOVfDgBurwAA3wgcATPMMrvDkT58V5dz6WrQUnnzmFP3A+fwBSeJEm</latexit><latexit sha1_base64="Ut/li79jv700lemDOajEN0vrAks=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrTPRI9OIREhdIYEO6pQsNbXdtuyRkw+/w4kFjvPpjvPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8f3cb0+o0iyWj2aa0EDgoWQRI9hYKfCr3mU/6ymBGs1Zv1xxa+4CaJ14OalAjka//NUbxCQVVBrCsdZdz01MkGFlGOF0VuqlmiaYjPGQdi2VWFAdZIujZ+jCKgMUxcqWNGih/p7IsNB6KkLbKbAZ6VVvLv7ndVMT3QYZk0lqqCTLRVHKkYnRPAE0YIoSw6eWYKKYvRWREVaYGJtTyYbgrb68TlpXNc+tec3rSv0uj6MIZ3AOVfDgBurwAA3wgcATPMMrvDkT58V5dz6WrQUnnzmFP3A+fwBSeJEm</latexit>

规范       可以禁止以下低阶               的算符, 这类算符会产⽣ bias 势能：     

Strong CP Solutions with a confinement sector

1 KSVZ PQ symmetry

���U(1)PQ

LYuk = �yu  q uH
⇤ � yd  q dH � y1  u 1�+ h.c. (1)

Besides the Yukawas above, and the mirror copy, the Yukawa sector will contain

LYuk � �yP (PP
c + P̂ P̂

c)�+ h.c. (2)

The potential involving � and the condensation hP̂ P̂
ci in the mirror sector is:

V� = m
2
�
|�|2 � yP�hP̂ P̂

ci+ h.c.. (3)

@V�

@�⇤ = m
2
�
�
⇤ � yP hP̂ P̂

ci = 0 (4)

Here we ignore the quartic |�|4, that is justified for a small induced VEV, the minimum gives:

h�iind =
y
⇤
P

m
2
�

hP̂ P̂
ci⇤ (5)

Firstly, we need to figure out the formula for hP̂ P̂
ci. In the mirror sector, the mirror quarks can be

organized into Q̂ = (Ûi, D̂i, P̂ ), Q̂c = (Û c

i
, D̂

c

i
, P̂

c), i = 1, 2, 3. After the confinement, the global symmetry
breaks in the following pattern SU(7)L⇥SU(7)R ! SU(7)V . In an EFT prescription, all NGBs associated
with the symmetry are packaged into a sigma matrix:

hQ̂Q̂
ci = cf

3
4U = cf

3
4 exp

"
i
p
2⌘0p

Nff4

#
UIINf

(6)

U = exp


i
2⇡a

T
a

f4

�
, detU = 1 (7)

1

Z3
<latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit>

                        , 反常系数 =  0 mod 3, 因此可以在UV能标引入规范       对称，
使得                本质上是由       产⽣的近似全局对称性。
Zn ⇢ U(1)PQ

<latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="KUn/DmluC+uzEj/6huzgR+tsJNY=">AAACBHicbZC9TsMwFIVvyl8pBQIri0UFKkuVsMCIxMLYSvRHNFHkuE5r1XEi20GqorwBC6/CwgBCPAMbb4PTdoCWI1n6dI4t33vClDOlHefbqmxsbm3vVHdre/X9g0P7qN5TSSYJ7ZKEJ3IQYkU5E7SrmeZ0kEqK45DTfji9LfP+I5WKJeJez1Lqx3gsWMQI1sYK7HMvxnoShvlDEQjkqSxUVCNPxqjbdC+CvKR2pwjshtNy5kLr4C6hAUu1A/vLGyUki6nQhGOlhq6Taj/HUjPCaVHzMkVTTKZ4TIcGBY6p8vP5PgU6M84IRYk0R2g0d3+/yHGs1CwOzc1yerWaleZ/2TDT0bWfM5Fmmgqy+CjKONIJKstBIyYp0XxmABPJzKyITLDERJsKa6YEd3Xldehdtlyn5XYcqMIJnEITXLiCG7iDNnSBwBO8wBu8W8/Wq/WxqKtiLXs7hj+yPn8ABMCaTQ==</latexit><latexit sha1_base64="KUn/DmluC+uzEj/6huzgR+tsJNY=">AAACBHicbZC9TsMwFIVvyl8pBQIri0UFKkuVsMCIxMLYSvRHNFHkuE5r1XEi20GqorwBC6/CwgBCPAMbb4PTdoCWI1n6dI4t33vClDOlHefbqmxsbm3vVHdre/X9g0P7qN5TSSYJ7ZKEJ3IQYkU5E7SrmeZ0kEqK45DTfji9LfP+I5WKJeJez1Lqx3gsWMQI1sYK7HMvxnoShvlDEQjkqSxUVCNPxqjbdC+CvKR2pwjshtNy5kLr4C6hAUu1A/vLGyUki6nQhGOlhq6Taj/HUjPCaVHzMkVTTKZ4TIcGBY6p8vP5PgU6M84IRYk0R2g0d3+/yHGs1CwOzc1yerWaleZ/2TDT0bWfM5Fmmgqy+CjKONIJKstBIyYp0XxmABPJzKyITLDERJsKa6YEd3Xldehdtlyn5XYcqMIJnEITXLiCG7iDNnSBwBO8wBu8W8/Wq/WxqKtiLXs7hj+yPn8ABMCaTQ==</latexit><latexit sha1_base64="NxD3B6y8WLlmnZMZpMf+rFweu7I=">AAACD3icbZC9TsMwFIUdfkv5CzCyWFSgslQJC4wVLIytRNqKJooc12mt2k5kO0hV1Ddg4VVYGECIlZWNt8FpM0DLkSx9Ovde+d4TpYwq7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJTDycsET2IqQIo4J4mmpGeqkkiEeMdKPxTVHvPhCpaCLu9CQlAUdDQWOKkTZWaJ/5HOlRFOX301BAX2WRIhr6kkOv7p6HeUGt9jS0a07DmQkug1tCDZRqhfaXP0hwxonQmCGl+q6T6iBHUlPMyLTqZ4qkCI/RkPQNCsSJCvLZPVN4apwBjBNpntBw5v6eyBFXasIj01lsrxZrhflfrZ/p+CrIqUgzTQSefxRnDOoEFuHAAZUEazYxgLCkZleIR0girE2EVROCu3jyMnQuGq7TcNtOrXldxlEBx+AE1IELLkET3IIW8AAGj+AZvII368l6sd6tj3nrilXOHIE/sj5/ALPdm8M=</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit><latexit sha1_base64="gYZGPP0+Ae9d14xIJvOkeXFP9/s=">AAACD3icbZC9TsMwFIWd8lfKX4CRxaIClaVKEBKMFSyMrUTaiiaKHNdprTpOZDtIVZQ3YOFVWBhAiJWVjbfBaTNAy5EsfTr3XvneEySMSmVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBSYOjlks+gGShFFOHEUVI/1EEBQFjPSCyU1R7z0QIWnM79Q0IV6ERpyGFCOlLd88dSOkxkGQ3ec+h65MA0kUdEUEnYZ95mcFtTu5b9atpjUTXAa7hDoo1fbNL3cY4zQiXGGGpBzYVqK8DAlFMSN5zU0lSRCeoBEZaOQoItLLZvfk8EQ7QxjGQj+u4Mz9PZGhSMppFOjOYnu5WCvM/2qDVIVXXkZ5kirC8fyjMGVQxbAIBw6pIFixqQaEBdW7QjxGAmGlI6zpEOzFk5ehe960rabduai3rss4quAIHIMGsMElaIFb0AYOwOARPINX8GY8GS/Gu/Exb60Y5cwh+CPj8we1HZvH</latexit>

Z3
<latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit><latexit sha1_base64="xFIHbQzKw84ZFejZj3r0/U31QBY=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGLigREuZG/Zgw17e5fdORNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTKUw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJpxn2WyEQ/hNRwKRT3UaDkD6nmNA4lb4ejm5nffuLaiETd4zjlQUwHSkSCUbSSX33sXVR75Ypbc+cgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadVrnlvz7uqVxnUeRxFO4BTOwYNLaMAtNMEHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPmNKN3g==</latexit>

Z3
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PQ费⽶米⼦子
带来额外的

NGB

GPS U(1)PQ SU(3)q SU(3)u SU(3)d Mirror

 
i
q (4, 2, 0) 0 3 � �  ̂

i
q

 
c,i
u (4̄, 1,�1/2) 0 � 3̄ �  ̂

c,i
u

 
c,i
d (4̄, 1, 1/2) 0 � � 3̄  ̂

c,i
d

 
i
1 (1, 1, 0) 0 � � � ⇥

P (R4, R2, q) p � � � P̂

P
c (R̄4, R̄2,�q) k � p � � � P̂ c

H (1, 2, 1/2) 0 � � � Ĥ

� (4, 1, 1/2) 0 � � � �̂
�1 (1, 1, 0) �k � � � ⇥

Table 2: PS mirror model with KSVZ-type PQ symmetry.

where SU(4)⇥ U(1)R � SU(3)c ⇥ U(1)Y . The minimal field content consists of

 
i
q = (4, 2, 0) ,  

i
u = (4̄, 1, 1/2) ,  

i
d = (4̄, 1,�1/2) ,

H = (1, 2, 1/2) , � = (4, 1,�1/2) .
(9)

the VEV of � breaks SU(4)⇥U(1)R ! SU(3)c⇥U(1)Y , while H is the SM Higgs. To implement neutrino
masses via an inverse see-saw model, one could add three singlets  1, and the following most general
Yukawas:

LYuk = �yu  q uH
⇤ � yd  q dH � y1  u 1�+ h.c. (10)

Besides the non-abelian symmetries SU(3)q ⇥ SU(3)u ⇥ SU(3)d ⇥ SU(3)1, the fermion sector has four U(1)
symmetries, out of which:

• B + L, under which  q ! e
i↵
 q,  u,d ! e

�i↵
 u,d,  1 ! e

i↵
 1. This symmetry is preserved by the

Yukawas, and it has gauge anomaly with the EW symmetry.

• U(1)A, under which  q,u,d ! e
i�
 q,u,d. This has an anomaly with SU(4), and it corresponds to the

axial charge in QCD.

2.1 KSVZ PQ symmetry

In this case, the anomalous PQ symmetry must be carried by some additional PQ fermions  PQ and  PQ

in conjugate irreps. We must also add a singlet scalar �1 that carries PQ charge and connect the two
sectors, see Table 2.

Besides the Yukawas above, and the mirror copy, the Yukawa sector will contain

LYuk � �� ( PS PS +  ̂PS ̂PS)�1 + h.c. (11)

Depending on the irrep R, additional Yukawas could be added and require extending the PQ symmetry
(or forbidden by the PQ symmetry).
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诱导的              显式破缺 U(1),                      获得不同质量, 不产生NGB。h�1iind
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对称：Visible sector + Mirror sectorZ2
<latexit sha1_base64="yi9khfx+4cK4V2fuIvndolZcjPw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaYttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kP/bz+rRfqbo1dw6ySryCVKFAs1/56g0SlsVcIZPUmK7nphjkVKNgkk/LvczwlLIxHfKupYrG3AT5/NgpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPmUbgrf88ipp1WueW/PuL6uNmyKOEpzCGVyAB1fQgDtogg8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz+j246P</latexit><latexit sha1_base64="yi9khfx+4cK4V2fuIvndolZcjPw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaYttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kP/bz+rRfqbo1dw6ySryCVKFAs1/56g0SlsVcIZPUmK7nphjkVKNgkk/LvczwlLIxHfKupYrG3AT5/NgpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPmUbgrf88ipp1WueW/PuL6uNmyKOEpzCGVyAB1fQgDtogg8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz+j246P</latexit><latexit sha1_base64="yi9khfx+4cK4V2fuIvndolZcjPw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaYttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kP/bz+rRfqbo1dw6ySryCVKFAs1/56g0SlsVcIZPUmK7nphjkVKNgkk/LvczwlLIxHfKupYrG3AT5/NgpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPmUbgrf88ipp1WueW/PuL6uNmyKOEpzCGVyAB1fQgDtogg8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz+j246P</latexit><latexit sha1_base64="yi9khfx+4cK4V2fuIvndolZcjPw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGCaYttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4dua3n7g2IlEPOEl5ENOhEpFgFK3kP/bz+rRfqbo1dw6ySryCVKFAs1/56g0SlsVcIZPUmK7nphjkVKNgkk/LvczwlLIxHfKupYrG3AT5/NgpObfKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPmUbgrf88ipp1WueW/PuL6uNmyKOEpzCGVyAB1fQgDtogg8MBDzDK7w5ynlx3p2PReuaU8ycwB84nz+j246P</latexit>

✓̄mir = ✓mir + i log detU = 0
<latexit sha1_base64="YI+sJwmvgNwRrjVbwf3WFDXbwjU=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBAEIeyKoBchxItHBZMI2RB6J51kcGZ3mekVwpL/8eKveNCDD7z6H05iDmosGCiqqunpilIlLfn+mzc3v7C4tFxYKa6urW9slra2GzbJjMC6SFRibiKwqGSMdZKk8CY1CDpS2Ixuz8d+8w6NlUl8TcMU2xr6sexJAeSkTqkWRmB4SAMk6OSh0VxLM+Jns9Ihl6FK+jzsIvE8FKB4fRz0O6WyX/En4LMkmJIym+KyU3oKu4nINMYkFFjbCvyU2jkYkkLhqBhmFlMQt9DHlqMxaLTtfHLriO87pct7iXEvJj5Rf07koK0d6sglNdDA/vXG4n9eK6PeaTuXcZoRxuJ7US9TnBI+Lo53pUFBaugICCPdX7kYgAFBrt6iKyH4e/IsaRxVAr8SXB2Xq7VpHQW2y/bYAQvYCauyC3bJ6kywe/bIXtir9+A9e+/ex3d0zpvO7LBf8D6/APpipjY=</latexit><latexit sha1_base64="YI+sJwmvgNwRrjVbwf3WFDXbwjU=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBAEIeyKoBchxItHBZMI2RB6J51kcGZ3mekVwpL/8eKveNCDD7z6H05iDmosGCiqqunpilIlLfn+mzc3v7C4tFxYKa6urW9slra2GzbJjMC6SFRibiKwqGSMdZKk8CY1CDpS2Ixuz8d+8w6NlUl8TcMU2xr6sexJAeSkTqkWRmB4SAMk6OSh0VxLM+Jns9Ihl6FK+jzsIvE8FKB4fRz0O6WyX/En4LMkmJIym+KyU3oKu4nINMYkFFjbCvyU2jkYkkLhqBhmFlMQt9DHlqMxaLTtfHLriO87pct7iXEvJj5Rf07koK0d6sglNdDA/vXG4n9eK6PeaTuXcZoRxuJ7US9TnBI+Lo53pUFBaugICCPdX7kYgAFBrt6iKyH4e/IsaRxVAr8SXB2Xq7VpHQW2y/bYAQvYCauyC3bJ6kywe/bIXtir9+A9e+/ex3d0zpvO7LBf8D6/APpipjY=</latexit><latexit sha1_base64="YI+sJwmvgNwRrjVbwf3WFDXbwjU=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBAEIeyKoBchxItHBZMI2RB6J51kcGZ3mekVwpL/8eKveNCDD7z6H05iDmosGCiqqunpilIlLfn+mzc3v7C4tFxYKa6urW9slra2GzbJjMC6SFRibiKwqGSMdZKk8CY1CDpS2Ixuz8d+8w6NlUl8TcMU2xr6sexJAeSkTqkWRmB4SAMk6OSh0VxLM+Jns9Ihl6FK+jzsIvE8FKB4fRz0O6WyX/En4LMkmJIym+KyU3oKu4nINMYkFFjbCvyU2jkYkkLhqBhmFlMQt9DHlqMxaLTtfHLriO87pct7iXEvJj5Rf07koK0d6sglNdDA/vXG4n9eK6PeaTuXcZoRxuJ7US9TnBI+Lo53pUFBaugICCPdX7kYgAFBrt6iKyH4e/IsaRxVAr8SXB2Xq7VpHQW2y/bYAQvYCauyC3bJ6kywe/bIXtir9+A9e+/ex3d0zpvO7LBf8D6/APpipjY=</latexit><latexit sha1_base64="YI+sJwmvgNwRrjVbwf3WFDXbwjU=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBAEIeyKoBchxItHBZMI2RB6J51kcGZ3mekVwpL/8eKveNCDD7z6H05iDmosGCiqqunpilIlLfn+mzc3v7C4tFxYKa6urW9slra2GzbJjMC6SFRibiKwqGSMdZKk8CY1CDpS2Ixuz8d+8w6NlUl8TcMU2xr6sexJAeSkTqkWRmB4SAMk6OSh0VxLM+Jns9Ihl6FK+jzsIvE8FKB4fRz0O6WyX/En4LMkmJIym+KyU3oKu4nINMYkFFjbCvyU2jkYkkLhqBhmFlMQt9DHlqMxaLTtfHLriO87pct7iXEvJj5Rf07koK0d6sglNdDA/vXG4n9eK6PeaTuXcZoRxuJ7US9TnBI+Lo53pUFBaugICCPdX7kYgAFBrt6iKyH4e/IsaRxVAr8SXB2Xq7VpHQW2y/bYAQvYCauyC3bJ6kywe/bIXtir9+A9e+/ex3d0zpvO7LBf8D6/APpipjY=</latexit>

✓̄vis = ✓vis + arg yPh�1iind = 0
<latexit sha1_base64="RaCL7m7v8Q+j1ViguBZQTSaPYgE="></latexit><latexit sha1_base64="RaCL7m7v8Q+j1ViguBZQTSaPYgE="></latexit><latexit sha1_base64="RaCL7m7v8Q+j1ViguBZQTSaPYgE="></latexit><latexit sha1_base64="RaCL7m7v8Q+j1ViguBZQTSaPYgE="></latexit>

镜像对称确保两个强 CP 相位同时为零⇤QCD
<latexit sha1_base64="Q9ixTtUu/3l+JOT2L+2S+P3ggus=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7Xnedutu+qDWuizrK4BicgDPggkvQALegBToAg0fwDF7Bm/VkvVjv1sciWrKKmSPwB9bnD33Ck3w=</latexit><latexit sha1_base64="Q9ixTtUu/3l+JOT2L+2S+P3ggus=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7Xnedutu+qDWuizrK4BicgDPggkvQALegBToAg0fwDF7Bm/VkvVjv1sciWrKKmSPwB9bnD33Ck3w=</latexit><latexit sha1_base64="Q9ixTtUu/3l+JOT2L+2S+P3ggus=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7Xnedutu+qDWuizrK4BicgDPggkvQALegBToAg0fwDF7Bm/VkvVjv1sciWrKKmSPwB9bnD33Ck3w=</latexit><latexit sha1_base64="Q9ixTtUu/3l+JOT2L+2S+P3ggus=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7Xnedutu+qDWuizrK4BicgDPggkvQALegBToAg0fwDF7Bm/VkvVjv1sciWrKKmSPwB9bnD33Ck3w=</latexit>

⇤PS
<latexit sha1_base64="jacc05UWjVa+t5Cz9VItlfVj14g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxoWLivYBTQiTyaQdOpOEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGcc7l3TphxprTjfFuVtfWNza3qdm1nd2//wD486qg0l4S2ScpT2QuxopwltK2Z5rSXSYpFyGk3HN3O/O6YSsXS5ElPMuoLPEhYzAjWRgps27s34QgHhScFaj1OA7vuNJw50CpxS1KHEq3A/vKilOSCJppwrFTfdTLtF1hqRjid1rxc0QyTER7QvqEJFlT5xfzyKTozSoTiVJqXaDRXf08UWCg1EaFJCqyHatmbif95/VzH137BkizXNCGLRXHOkU7RrAYUMUmJ5hNDMJHM3IrIEEtMtCmrZkpwl7+8SjoXDddpuA+X9eZNWUcVTuAUzsGFK2jCHbSgDQTG8Ayv8GYV1ov1bn0sohWrnDmGP7A+fwACsZM9</latexit><latexit sha1_base64="jacc05UWjVa+t5Cz9VItlfVj14g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxoWLivYBTQiTyaQdOpOEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGcc7l3TphxprTjfFuVtfWNza3qdm1nd2//wD486qg0l4S2ScpT2QuxopwltK2Z5rSXSYpFyGk3HN3O/O6YSsXS5ElPMuoLPEhYzAjWRgps27s34QgHhScFaj1OA7vuNJw50CpxS1KHEq3A/vKilOSCJppwrFTfdTLtF1hqRjid1rxc0QyTER7QvqEJFlT5xfzyKTozSoTiVJqXaDRXf08UWCg1EaFJCqyHatmbif95/VzH137BkizXNCGLRXHOkU7RrAYUMUmJ5hNDMJHM3IrIEEtMtCmrZkpwl7+8SjoXDddpuA+X9eZNWUcVTuAUzsGFK2jCHbSgDQTG8Ayv8GYV1ov1bn0sohWrnDmGP7A+fwACsZM9</latexit><latexit sha1_base64="jacc05UWjVa+t5Cz9VItlfVj14g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxoWLivYBTQiTyaQdOpOEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGcc7l3TphxprTjfFuVtfWNza3qdm1nd2//wD486qg0l4S2ScpT2QuxopwltK2Z5rSXSYpFyGk3HN3O/O6YSsXS5ElPMuoLPEhYzAjWRgps27s34QgHhScFaj1OA7vuNJw50CpxS1KHEq3A/vKilOSCJppwrFTfdTLtF1hqRjid1rxc0QyTER7QvqEJFlT5xfzyKTozSoTiVJqXaDRXf08UWCg1EaFJCqyHatmbif95/VzH137BkizXNCGLRXHOkU7RrAYUMUmJ5hNDMJHM3IrIEEtMtCmrZkpwl7+8SjoXDddpuA+X9eZNWUcVTuAUzsGFK2jCHbSgDQTG8Ayv8GYV1ov1bn0sohWrnDmGP7A+fwACsZM9</latexit><latexit sha1_base64="jacc05UWjVa+t5Cz9VItlfVj14g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxoWLivYBTQiTyaQdOpOEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGcc7l3TphxprTjfFuVtfWNza3qdm1nd2//wD486qg0l4S2ScpT2QuxopwltK2Z5rSXSYpFyGk3HN3O/O6YSsXS5ElPMuoLPEhYzAjWRgps27s34QgHhScFaj1OA7vuNJw50CpxS1KHEq3A/vKilOSCJppwrFTfdTLtF1hqRjid1rxc0QyTER7QvqEJFlT5xfzyKTozSoTiVJqXaDRXf08UWCg1EaFJCqyHatmbif95/VzH137BkizXNCGLRXHOkU7RrAYUMUmJ5hNDMJHM3IrIEEtMtCmrZkpwl7+8SjoXDddpuA+X9eZNWUcVTuAUzsGFK2jCHbSgDQTG8Ayv8GYV1ov1bn0sohWrnDmGP7A+fwACsZM9</latexit>

f4
<latexit sha1_base64="1EX2LzzIUMmzwG+8i6nPo47qGCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSHw3yxmxQrbl1dwGyTryC1KBAa1D96g8TlsVcIZPUmJ7nphjkVKNgks8q/czwlLIJHfGepYrG3AT54tgZubDKkESJtqWQLNTfEzmNjZnGoe2MKY7NqjcX//N6GUY3QS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49NGrN2yKOMpzBOVyCB9fQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+5RY6d</latexit><latexit sha1_base64="1EX2LzzIUMmzwG+8i6nPo47qGCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSHw3yxmxQrbl1dwGyTryC1KBAa1D96g8TlsVcIZPUmJ7nphjkVKNgks8q/czwlLIJHfGepYrG3AT54tgZubDKkESJtqWQLNTfEzmNjZnGoe2MKY7NqjcX//N6GUY3QS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49NGrN2yKOMpzBOVyCB9fQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+5RY6d</latexit><latexit sha1_base64="1EX2LzzIUMmzwG+8i6nPo47qGCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSHw3yxmxQrbl1dwGyTryC1KBAa1D96g8TlsVcIZPUmJ7nphjkVKNgks8q/czwlLIJHfGepYrG3AT54tgZubDKkESJtqWQLNTfEzmNjZnGoe2MKY7NqjcX//N6GUY3QS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49NGrN2yKOMpzBOVyCB9fQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+5RY6d</latexit><latexit sha1_base64="1EX2LzzIUMmzwG+8i6nPo47qGCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSHw3yxmxQrbl1dwGyTryC1KBAa1D96g8TlsVcIZPUmJ7nphjkVKNgks8q/czwlLIJHfGepYrG3AT54tgZubDKkESJtqWQLNTfEzmNjZnGoe2MKY7NqjcX//N6GUY3QS5UmiFXbLkoyiTBhMw/J0OhOUM5tYQyLeythI2ppgxtPhUbgrf68jppX9U9t+49NGrN2yKOMpzBOVyCB9fQhHtogQ8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+5RY6d</latexit>

夸克 / 镜像夸克⽆无质量量：✓̄vis = ✓̄mir ! 0
<latexit sha1_base64="gSiDF4kkQ2yDSlwqXDMLTObCq6Y=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRIR6kYounFZwT6gCeFmOmmHziRhZlIooZ/ixl9x40IR3enXOG2z0NYDA4dz7uXOOWHKmdKO82WV1tY3NrfK25Wd3b39A/vwqK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHN3O/M6YSsWS+EFPUuoLGMQsYgS0kQK77oUgsaeHVEOQe1LgMVNTjK/xiiGYNIaREoydwK46NWcOvErcglRRgWZgf3r9hGSCxppwUKrnOqn2c5CaEU6nFS9TNAUyggHtGRqDoMrP5wGn+MwofRwl0rxY47n6eyMHodREhGZSgB6qZW8m/uf1Mh1d+TmL00zTmCwORRnHJuOsLdxnkhLNJ4YAkcz8FZMhSCDadFoxJbjLkVdJ+6LmOjX3/rLauCnqKKMTdIrOkYvqqIHuUBO1EEGP6Bm9ojfryXqx3q2PxWjJKnaO0R9Y3z9NhqHB</latexit><latexit sha1_base64="gSiDF4kkQ2yDSlwqXDMLTObCq6Y=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRIR6kYounFZwT6gCeFmOmmHziRhZlIooZ/ixl9x40IR3enXOG2z0NYDA4dz7uXOOWHKmdKO82WV1tY3NrfK25Wd3b39A/vwqK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHN3O/M6YSsWS+EFPUuoLGMQsYgS0kQK77oUgsaeHVEOQe1LgMVNTjK/xiiGYNIaREoydwK46NWcOvErcglRRgWZgf3r9hGSCxppwUKrnOqn2c5CaEU6nFS9TNAUyggHtGRqDoMrP5wGn+MwofRwl0rxY47n6eyMHodREhGZSgB6qZW8m/uf1Mh1d+TmL00zTmCwORRnHJuOsLdxnkhLNJ4YAkcz8FZMhSCDadFoxJbjLkVdJ+6LmOjX3/rLauCnqKKMTdIrOkYvqqIHuUBO1EEGP6Bm9ojfryXqx3q2PxWjJKnaO0R9Y3z9NhqHB</latexit><latexit sha1_base64="gSiDF4kkQ2yDSlwqXDMLTObCq6Y=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRIR6kYounFZwT6gCeFmOmmHziRhZlIooZ/ixl9x40IR3enXOG2z0NYDA4dz7uXOOWHKmdKO82WV1tY3NrfK25Wd3b39A/vwqK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHN3O/M6YSsWS+EFPUuoLGMQsYgS0kQK77oUgsaeHVEOQe1LgMVNTjK/xiiGYNIaREoydwK46NWcOvErcglRRgWZgf3r9hGSCxppwUKrnOqn2c5CaEU6nFS9TNAUyggHtGRqDoMrP5wGn+MwofRwl0rxY47n6eyMHodREhGZSgB6qZW8m/uf1Mh1d+TmL00zTmCwORRnHJuOsLdxnkhLNJ4YAkcz8FZMhSCDadFoxJbjLkVdJ+6LmOjX3/rLauCnqKKMTdIrOkYvqqIHuUBO1EEGP6Bm9ojfryXqx3q2PxWjJKnaO0R9Y3z9NhqHB</latexit><latexit sha1_base64="gSiDF4kkQ2yDSlwqXDMLTObCq6Y=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwVRIR6kYounFZwT6gCeFmOmmHziRhZlIooZ/ixl9x40IR3enXOG2z0NYDA4dz7uXOOWHKmdKO82WV1tY3NrfK25Wd3b39A/vwqK2STBLaIglPZDcERTmLaUszzWk3lRREyGknHN3O/M6YSsWS+EFPUuoLGMQsYgS0kQK77oUgsaeHVEOQe1LgMVNTjK/xiiGYNIaREoydwK46NWcOvErcglRRgWZgf3r9hGSCxppwUKrnOqn2c5CaEU6nFS9TNAUyggHtGRqDoMrP5wGn+MwofRwl0rxY47n6eyMHodREhGZSgB6qZW8m/uf1Mh1d+TmL00zTmCwORRnHJuOsLdxnkhLNJ4YAkcz8FZMhSCDadFoxJbjLkVdJ+6LmOjX3/rLauCnqKKMTdIrOkYvqqIHuUBO1EEGP6Bm9ojfryXqx3q2PxWjJKnaO0R9Y3z9NhqHB</latexit>

SU(3)c ⇥ SU(2)L ⇥U(1)Y ⇥ \SU(4)⇥ \SU(2)L ⇥ [U(1)R
<latexit sha1_base64="xgzNa6nIDGuGV0Bjl3ig9MjM1Lc="></latexit><latexit sha1_base64="xgzNa6nIDGuGV0Bjl3ig9MjM1Lc="></latexit><latexit sha1_base64="xgzNa6nIDGuGV0Bjl3ig9MjM1Lc="></latexit><latexit sha1_base64="xgzNa6nIDGuGV0Bjl3ig9MjM1Lc="></latexit>

h�i 6= 0 ,
<latexit sha1_base64="UrG1Jxr4KnyBliv2z6/SJrhnUZ0=">AAACCHicbVA9SwNBEJ3zM8avU0sLF4NgEcKdCFoGbSwjmA/IhbC3mSRL9vbO3T0hhJQ2/hUbC0Vs/Ql2/hs3yRWa+GDg7Xsz7MwLE8G18bxvZ2l5ZXVtPbeR39za3tl19/ZrOk4VwyqLRawaIdUouMSq4UZgI1FIo1BgPRxcT/z6AyrNY3lnhgm2ItqTvMsZNVZqu0eBoLInkASVPieByh4S74lHgmKx7Ra8kjcFWSR+RgqQodJ2v4JOzNIIpWGCat30vcS0RlQZzgSO80GqMaFsQHvYtFTSCHVrND1kTE6s0iHdWNmShkzV3xMjGmk9jELbGVHT1/PeRPzPa6ame9kacZmkBiWbfdRNBTExmaRCOlwhM2JoCWWK210J61NFmbHZ5W0I/vzJi6R2VvK9kn97XihfZXHk4BCO4RR8uIAy3EAFqsDgEZ7hFd6cJ+fFeXc+Zq1LTjZzAH/gfP4AOKyYJg==</latexit><latexit sha1_base64="UrG1Jxr4KnyBliv2z6/SJrhnUZ0=">AAACCHicbVA9SwNBEJ3zM8avU0sLF4NgEcKdCFoGbSwjmA/IhbC3mSRL9vbO3T0hhJQ2/hUbC0Vs/Ql2/hs3yRWa+GDg7Xsz7MwLE8G18bxvZ2l5ZXVtPbeR39za3tl19/ZrOk4VwyqLRawaIdUouMSq4UZgI1FIo1BgPRxcT/z6AyrNY3lnhgm2ItqTvMsZNVZqu0eBoLInkASVPieByh4S74lHgmKx7Ra8kjcFWSR+RgqQodJ2v4JOzNIIpWGCat30vcS0RlQZzgSO80GqMaFsQHvYtFTSCHVrND1kTE6s0iHdWNmShkzV3xMjGmk9jELbGVHT1/PeRPzPa6ame9kacZmkBiWbfdRNBTExmaRCOlwhM2JoCWWK210J61NFmbHZ5W0I/vzJi6R2VvK9kn97XihfZXHk4BCO4RR8uIAy3EAFqsDgEZ7hFd6cJ+fFeXc+Zq1LTjZzAH/gfP4AOKyYJg==</latexit><latexit sha1_base64="UrG1Jxr4KnyBliv2z6/SJrhnUZ0=">AAACCHicbVA9SwNBEJ3zM8avU0sLF4NgEcKdCFoGbSwjmA/IhbC3mSRL9vbO3T0hhJQ2/hUbC0Vs/Ql2/hs3yRWa+GDg7Xsz7MwLE8G18bxvZ2l5ZXVtPbeR39za3tl19/ZrOk4VwyqLRawaIdUouMSq4UZgI1FIo1BgPRxcT/z6AyrNY3lnhgm2ItqTvMsZNVZqu0eBoLInkASVPieByh4S74lHgmKx7Ra8kjcFWSR+RgqQodJ2v4JOzNIIpWGCat30vcS0RlQZzgSO80GqMaFsQHvYtFTSCHVrND1kTE6s0iHdWNmShkzV3xMjGmk9jELbGVHT1/PeRPzPa6ame9kacZmkBiWbfdRNBTExmaRCOlwhM2JoCWWK210J61NFmbHZ5W0I/vzJi6R2VvK9kn97XihfZXHk4BCO4RR8uIAy3EAFqsDgEZ7hFd6cJ+fFeXc+Zq1LTjZzAH/gfP4AOKyYJg==</latexit><latexit sha1_base64="UrG1Jxr4KnyBliv2z6/SJrhnUZ0=">AAACCHicbVA9SwNBEJ3zM8avU0sLF4NgEcKdCFoGbSwjmA/IhbC3mSRL9vbO3T0hhJQ2/hUbC0Vs/Ql2/hs3yRWa+GDg7Xsz7MwLE8G18bxvZ2l5ZXVtPbeR39za3tl19/ZrOk4VwyqLRawaIdUouMSq4UZgI1FIo1BgPRxcT/z6AyrNY3lnhgm2ItqTvMsZNVZqu0eBoLInkASVPieByh4S74lHgmKx7Ra8kjcFWSR+RgqQodJ2v4JOzNIIpWGCat30vcS0RlQZzgSO80GqMaFsQHvYtFTSCHVrND1kTE6s0iHdWNmShkzV3xMjGmk9jELbGVHT1/PeRPzPa6ame9kacZmkBiWbfdRNBTExmaRCOlwhM2JoCWWK210J61NFmbHZ5W0I/vzJi6R2VvK9kn97XihfZXHk4BCO4RR8uIAy3EAFqsDgEZ7hFd6cJ+fFeXc+Zq1LTjZzAH/gfP4AOKyYJg==</latexit>

PQ标量量不不产⽣生 NGBh�1iUV = 0 , µ2
�1

> 0
<latexit sha1_base64="VbQAos1HTaQVQhZbyr28xyfXaKI="></latexit><latexit sha1_base64="VbQAos1HTaQVQhZbyr28xyfXaKI="></latexit><latexit sha1_base64="VbQAos1HTaQVQhZbyr28xyfXaKI="></latexit><latexit sha1_base64="VbQAos1HTaQVQhZbyr28xyfXaKI="></latexit>

gauged                    对称可消除算符：             ，                

PQ fermion 需要能够衰变，这决定相关的量子数

Zn , n > 2
<latexit sha1_base64="0BB125vSYi485Uf4KXXhKEkxnps=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgopSkCLqSohuXFewDm1Am02k7dDIJMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gQxZ0o7zre1tLyyurZe2Chubm3v7Np7+00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaPrzG89UKlYJO70OKZ+iAeC9RnB2khd+9ALsR4GQXo/6QqvXEbiElW7dsmpOFOgReLmpAQ56l37y+tFJAmp0IRjpTquE2s/xVIzwumk6CWKxpiM8IB2DBU4pMpPp+kn6MQoPdSPpHlCo6n6eyPFoVLjMDCTWVY172Xif14n0f0LP2UiTjQVZHaon3CkI5RVgXpMUqL52BBMJDNZERliiYk2hRVNCe78lxdJs1pxnYp7e1aqXeV1FOAIjuEUXDiHGtxAHRpA4BGe4RXerCfrxXq3PmajS1a+cwB/YH3+AOPQlC4=</latexit><latexit sha1_base64="0BB125vSYi485Uf4KXXhKEkxnps=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgopSkCLqSohuXFewDm1Am02k7dDIJMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gQxZ0o7zre1tLyyurZe2Chubm3v7Np7+00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaPrzG89UKlYJO70OKZ+iAeC9RnB2khd+9ALsR4GQXo/6QqvXEbiElW7dsmpOFOgReLmpAQ56l37y+tFJAmp0IRjpTquE2s/xVIzwumk6CWKxpiM8IB2DBU4pMpPp+kn6MQoPdSPpHlCo6n6eyPFoVLjMDCTWVY172Xif14n0f0LP2UiTjQVZHaon3CkI5RVgXpMUqL52BBMJDNZERliiYk2hRVNCe78lxdJs1pxnYp7e1aqXeV1FOAIjuEUXDiHGtxAHRpA4BGe4RXerCfrxXq3PmajS1a+cwB/YH3+AOPQlC4=</latexit><latexit sha1_base64="0BB125vSYi485Uf4KXXhKEkxnps=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgopSkCLqSohuXFewDm1Am02k7dDIJMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gQxZ0o7zre1tLyyurZe2Chubm3v7Np7+00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaPrzG89UKlYJO70OKZ+iAeC9RnB2khd+9ALsR4GQXo/6QqvXEbiElW7dsmpOFOgReLmpAQ56l37y+tFJAmp0IRjpTquE2s/xVIzwumk6CWKxpiM8IB2DBU4pMpPp+kn6MQoPdSPpHlCo6n6eyPFoVLjMDCTWVY172Xif14n0f0LP2UiTjQVZHaon3CkI5RVgXpMUqL52BBMJDNZERliiYk2hRVNCe78lxdJs1pxnYp7e1aqXeV1FOAIjuEUXDiHGtxAHRpA4BGe4RXerCfrxXq3PmajS1a+cwB/YH3+AOPQlC4=</latexit><latexit sha1_base64="0BB125vSYi485Uf4KXXhKEkxnps=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgopSkCLqSohuXFewDm1Am02k7dDIJMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gQxZ0o7zre1tLyyurZe2Chubm3v7Np7+00VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBaPrzG89UKlYJO70OKZ+iAeC9RnB2khd+9ALsR4GQXo/6QqvXEbiElW7dsmpOFOgReLmpAQ56l37y+tFJAmp0IRjpTquE2s/xVIzwumk6CWKxpiM8IB2DBU4pMpPp+kn6MQoPdSPpHlCo6n6eyPFoVLjMDCTWVY172Xif14n0f0LP2UiTjQVZHaon3CkI5RVgXpMUqL52BBMJDNZERliiYk2hRVNCe78lxdJs1pxnYp7e1aqXeV1FOAIjuEUXDiHGtxAHRpA4BGe4RXerCfrxXq3PmajS1a+cwB/YH3+AOPQlC4=</latexit>

�†�

MPL
PP c

<latexit sha1_base64="E19rx71EfvX1+HBap96mtimo8zM=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3bhQiGAv0KRhMp20Q2eSMDMRSsgjuPFV3LhQxK1Ld76NkzYLbf1h4OM/53Dm/EHCqFSW9W1UlpZXVteq67WNza3tHXN3ry3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHxV1DsPREgaR/dqkhCPo2FEQ4qR0pZvHruhQDhznRHtuwM0hAXl2a2fuYJD5ybPoQOdPvbNutWwpoKLYJdQB6Uc3/xyBzFOOYkUZkjKnm0lysuQUBQzktfcVJIE4TEakp7GCHEivWx6UA6PtDOAYSz0ixScur8nMsSlnPBAd3KkRnK+Vpj/1XqpCi+8jEZJqkiEZ4vClEEVwyIdOKCCYMUmGhAWVP8V4hHSCSmdYU2HYM+fvAjt04ZtNey7s3rzsoyjCg7AITgBNjgHTXANHNACGDyCZ/AK3own48V4Nz5mrRWjnNkHf2R8/gCxyZxV</latexit><latexit sha1_base64="E19rx71EfvX1+HBap96mtimo8zM=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3bhQiGAv0KRhMp20Q2eSMDMRSsgjuPFV3LhQxK1Ld76NkzYLbf1h4OM/53Dm/EHCqFSW9W1UlpZXVteq67WNza3tHXN3ry3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHxV1DsPREgaR/dqkhCPo2FEQ4qR0pZvHruhQDhznRHtuwM0hAXl2a2fuYJD5ybPoQOdPvbNutWwpoKLYJdQB6Uc3/xyBzFOOYkUZkjKnm0lysuQUBQzktfcVJIE4TEakp7GCHEivWx6UA6PtDOAYSz0ixScur8nMsSlnPBAd3KkRnK+Vpj/1XqpCi+8jEZJqkiEZ4vClEEVwyIdOKCCYMUmGhAWVP8V4hHSCSmdYU2HYM+fvAjt04ZtNey7s3rzsoyjCg7AITgBNjgHTXANHNACGDyCZ/AK3own48V4Nz5mrRWjnNkHf2R8/gCxyZxV</latexit><latexit sha1_base64="E19rx71EfvX1+HBap96mtimo8zM=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3bhQiGAv0KRhMp20Q2eSMDMRSsgjuPFV3LhQxK1Ld76NkzYLbf1h4OM/53Dm/EHCqFSW9W1UlpZXVteq67WNza3tHXN3ry3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHxV1DsPREgaR/dqkhCPo2FEQ4qR0pZvHruhQDhznRHtuwM0hAXl2a2fuYJD5ybPoQOdPvbNutWwpoKLYJdQB6Uc3/xyBzFOOYkUZkjKnm0lysuQUBQzktfcVJIE4TEakp7GCHEivWx6UA6PtDOAYSz0ixScur8nMsSlnPBAd3KkRnK+Vpj/1XqpCi+8jEZJqkiEZ4vClEEVwyIdOKCCYMUmGhAWVP8V4hHSCSmdYU2HYM+fvAjt04ZtNey7s3rzsoyjCg7AITgBNjgHTXANHNACGDyCZ/AK3own48V4Nz5mrRWjnNkHf2R8/gCxyZxV</latexit><latexit sha1_base64="E19rx71EfvX1+HBap96mtimo8zM=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3bhQiGAv0KRhMp20Q2eSMDMRSsgjuPFV3LhQxK1Ld76NkzYLbf1h4OM/53Dm/EHCqFSW9W1UlpZXVteq67WNza3tHXN3ry3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHxV1DsPREgaR/dqkhCPo2FEQ4qR0pZvHruhQDhznRHtuwM0hAXl2a2fuYJD5ybPoQOdPvbNutWwpoKLYJdQB6Uc3/xyBzFOOYkUZkjKnm0lysuQUBQzktfcVJIE4TEakp7GCHEivWx6UA6PtDOAYSz0ixScur8nMsSlnPBAd3KkRnK+Vpj/1XqpCi+8jEZJqkiEZ4vClEEVwyIdOKCCYMUmGhAWVP8V4hHSCSmdYU2HYM+fvAjt04ZtNey7s3rzsoyjCg7AITgBNjgHTXANHNACGDyCZ/AK3own48V4Nz5mrRWjnNkHf2R8/gCxyZxV</latexit>

�
�†�

�2

M2
PL

�2

<latexit sha1_base64="ZwGPrYC8/Ez21c7Hk6OX4gxajEc="></latexit><latexit sha1_base64="ZwGPrYC8/Ez21c7Hk6OX4gxajEc="></latexit><latexit sha1_base64="ZwGPrYC8/Ez21c7Hk6OX4gxajEc="></latexit><latexit sha1_base64="ZwGPrYC8/Ez21c7Hk6OX4gxajEc="></latexit>



Haiying CAI 

复合能标

!20

可以由一圈图重整化群方程计算复合能标 , ↵3(⇤PS) = ↵4(⇤PS)
<latexit sha1_base64="Q3T2qlIbaOIoRF7w3QxgQow2UiU=">AAACInicbVC7SgNBFJ2NrxhfUUubwSAkTdjVgFoIQRsLi4jmAdmw3J2dTYbMPpiZFcKSb7HxV2wsFLUS/BgnyRaaeGDgcM493LnHjTmTyjS/jNzS8srqWn69sLG5tb1T3N1rySgRhDZJxCPRcUFSzkLaVExx2okFhcDltO0OryZ++4EKyaLwXo1i2gugHzKfEVBacornNvB4AM4JLts3OuaBk9oiwI27Ma5c4MytLboVp1gyq+YUeJFYGSmhDA2n+GF7EUkCGirCQcquZcaql4JQjHA6LtiJpDGQIfRpV9MQAip76fTEMT7Siof9SOgXKjxVfydSCKQcBa6eDEAN5Lw3Ef/zuonyz3opC+NE0ZDMFvkJxyrCk76wxwQlio80ASKY/ismAxBAlG61oEuw5k9eJK3jqmVWrdtaqX6Z1ZFHB+gQlZGFTlEdXaMGaiKCHtEzekVvxpPxYrwbn7PRnJFl9tEfGN8/94uiEQ==</latexit><latexit sha1_base64="Q3T2qlIbaOIoRF7w3QxgQow2UiU=">AAACInicbVC7SgNBFJ2NrxhfUUubwSAkTdjVgFoIQRsLi4jmAdmw3J2dTYbMPpiZFcKSb7HxV2wsFLUS/BgnyRaaeGDgcM493LnHjTmTyjS/jNzS8srqWn69sLG5tb1T3N1rySgRhDZJxCPRcUFSzkLaVExx2okFhcDltO0OryZ++4EKyaLwXo1i2gugHzKfEVBacornNvB4AM4JLts3OuaBk9oiwI27Ma5c4MytLboVp1gyq+YUeJFYGSmhDA2n+GF7EUkCGirCQcquZcaql4JQjHA6LtiJpDGQIfRpV9MQAip76fTEMT7Siof9SOgXKjxVfydSCKQcBa6eDEAN5Lw3Ef/zuonyz3opC+NE0ZDMFvkJxyrCk76wxwQlio80ASKY/ismAxBAlG61oEuw5k9eJK3jqmVWrdtaqX6Z1ZFHB+gQlZGFTlEdXaMGaiKCHtEzekVvxpPxYrwbn7PRnJFl9tEfGN8/94uiEQ==</latexit><latexit sha1_base64="Q3T2qlIbaOIoRF7w3QxgQow2UiU=">AAACInicbVC7SgNBFJ2NrxhfUUubwSAkTdjVgFoIQRsLi4jmAdmw3J2dTYbMPpiZFcKSb7HxV2wsFLUS/BgnyRaaeGDgcM493LnHjTmTyjS/jNzS8srqWn69sLG5tb1T3N1rySgRhDZJxCPRcUFSzkLaVExx2okFhcDltO0OryZ++4EKyaLwXo1i2gugHzKfEVBacornNvB4AM4JLts3OuaBk9oiwI27Ma5c4MytLboVp1gyq+YUeJFYGSmhDA2n+GF7EUkCGirCQcquZcaql4JQjHA6LtiJpDGQIfRpV9MQAip76fTEMT7Siof9SOgXKjxVfydSCKQcBa6eDEAN5Lw3Ef/zuonyz3opC+NE0ZDMFvkJxyrCk76wxwQlio80ASKY/ismAxBAlG61oEuw5k9eJK3jqmVWrdtaqX6Z1ZFHB+gQlZGFTlEdXaMGaiKCHtEzekVvxpPxYrwbn7PRnJFl9tEfGN8/94uiEQ==</latexit><latexit sha1_base64="Q3T2qlIbaOIoRF7w3QxgQow2UiU=">AAACInicbVC7SgNBFJ2NrxhfUUubwSAkTdjVgFoIQRsLi4jmAdmw3J2dTYbMPpiZFcKSb7HxV2wsFLUS/BgnyRaaeGDgcM493LnHjTmTyjS/jNzS8srqWn69sLG5tb1T3N1rySgRhDZJxCPRcUFSzkLaVExx2okFhcDltO0OryZ++4EKyaLwXo1i2gugHzKfEVBacornNvB4AM4JLts3OuaBk9oiwI27Ma5c4MytLboVp1gyq+YUeJFYGSmhDA2n+GF7EUkCGirCQcquZcaql4JQjHA6LtiJpDGQIfRpV9MQAip76fTEMT7Siof9SOgXKjxVfydSCKQcBa6eDEAN5Lw3Ef/zuonyz3opC+NE0ZDMFvkJxyrCk76wxwQlio80ASKY/ismAxBAlG61oEuw5k9eJK3jqmVWrdtaqX6Z1ZFHB+gQlZGFTlEdXaMGaiKCHtEzekVvxpPxYrwbn7PRnJFl9tEfGN8/94uiEQ==</latexit>
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⇤PS ⇠ 1010 GeV
<latexit sha1_base64="6N1/biIzkuXcP5lm04lqzddpKJY="></latexit><latexit sha1_base64="78EoYITVzsC1sT4rA7ToOcU7J8E="></latexit><latexit sha1_base64="78EoYITVzsC1sT4rA7ToOcU7J8E="></latexit><latexit sha1_base64="MUXX8J319ib6IgYB7U/EU7bE+FU=">AAACE3icbVA9SwNBFNzz2/gVtbRZDIJYhD0bLUULLSwimijkYtjbvCRLdu+O3XdiOM7fYONfsbFQxNbGzn/jJqbQ6MDCMDOPt2/CREmLjH16E5NT0zOzc/OFhcWl5ZXi6lrNxqkRUBWxis1VyC0oGUEVJSq4SgxwHSq4DHtHA//yBoyVcXSB/QQamnci2ZaCo5OaxZ3g1IVbvJkFRtPKeU4DKzWlPrvOfJbTuwDhFrNjqOXNYomV2RD0L/FHpERGqDSLH0ErFqmGCIXi1tZ9lmAj4walUJAXgtRCwkWPd6DuaMQ12EY2vCmnW05p0XZs3IuQDtWfExnX1vZ16JKaY9eOewPxP6+eYnu/kckoSREi8b2onSqKMR0URFvSgEDVd4QLI91fqehywwW6GguuBH/85L+ktlv2Wdk/Y6WDw1Edc2SDbJJt4pM9ckBOSIVUiSD35JE8kxfvwXvyXr237+iEN5pZJ7/gvX8BLcydEw==</latexit>

f4 ⇠ 1 TeV
<latexit sha1_base64="RcrkbjzGmbI408kWSDcuGBFQdPM=">AAACAnicbVC7SgNREJ31GeNr1Uq0uCiCVdgVQcugjWUCJgaSEO7ezOrFuw/unRXDEm38FRsLRWws/Ao7Oz/Fm0fh68DA4ZwZZuYEqZKGPO/DmZicmp6ZLcwV5xcWl5bdldW6STItsCYSlehGwA0qGWONJClspBp5FCg8Cy6PB/7ZFWojk/iUeim2I34ey1AKTlbquOthJ9/vs5aREWM+u2kRXlN+ivV+x932St4Q7C/xx2S7vPla/QSASsd9b3UTkUUYk1DcmKbvpdTOuSYpFPaLrcxgysUlP8empTGP0LTz4Qt9tmOVLgsTbSsmNlS/T+Q8MqYXBbYz4nRhfnsD8T+vmVF42M5lnGaEsRgtCjPFKGGDPFhXahSkepZwoaW9lYkLrrkgm1rRhuD/fvkvqe+VfK/kV20aRzBCATZgC3bBhwMowwlUoAYCbuEeHuHJuXMenGfnZdQ64Yxn1uAHnLcvHpyY0w==</latexit><latexit sha1_base64="aJ9DqMVJUgT31COsleIrVCAVVjo=">AAACAnicbVDJSgNBEO1xjXGLehJFGoPgKcyIoMegF48JmAWSYejp1Ghjz0J3jRiG6EU/xYsHRbx48Cu8+Q3+hJ3loIkPCh7vVVFVz0+k0GjbX9bU9Mzs3HxuIb+4tLyyWlhbr+s4VRxqPJaxavpMgxQR1FCghGaigIW+hIZ/ddr3G9egtIijc+wm4IbsIhKB4AyN5BU2Ay877NG2FiGlDr1tI9xgdg71nlco2iV7ADpJnBEplrffq98PO+8Vr/DZ7sQ8DSFCLpnWLcdO0M2YQsEl9PLtVEPC+BW7gJahEQtBu9nghR7dM0qHBrEyFSEdqL8nMhZq3Q190xkyvNTjXl/8z2ulGBy7mYiSFCHiw0VBKinGtJ8H7QgFHGXXEMaVMLdSfskU42hSy5sQnPGXJ0n9oOTYJadq0jghQ+TIFtkl+8QhR6RMzkiF1Agnd+SRPJMX6956sl6tt2HrlDWa2SB/YH38APzSmjk=</latexit><latexit sha1_base64="aJ9DqMVJUgT31COsleIrVCAVVjo=">AAACAnicbVDJSgNBEO1xjXGLehJFGoPgKcyIoMegF48JmAWSYejp1Ghjz0J3jRiG6EU/xYsHRbx48Cu8+Q3+hJ3loIkPCh7vVVFVz0+k0GjbX9bU9Mzs3HxuIb+4tLyyWlhbr+s4VRxqPJaxavpMgxQR1FCghGaigIW+hIZ/ddr3G9egtIijc+wm4IbsIhKB4AyN5BU2Ay877NG2FiGlDr1tI9xgdg71nlco2iV7ADpJnBEplrffq98PO+8Vr/DZ7sQ8DSFCLpnWLcdO0M2YQsEl9PLtVEPC+BW7gJahEQtBu9nghR7dM0qHBrEyFSEdqL8nMhZq3Q190xkyvNTjXl/8z2ulGBy7mYiSFCHiw0VBKinGtJ8H7QgFHGXXEMaVMLdSfskU42hSy5sQnPGXJ0n9oOTYJadq0jghQ+TIFtkl+8QhR6RMzkiF1Agnd+SRPJMX6956sl6tt2HrlDWa2SB/YH38APzSmjk=</latexit><latexit sha1_base64="JlVfNcoFaIAVIHqUjfqpDagCodI=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gVQY9BLx4j5AXZJcxOepMhsw9mesWwRC/+ihcPinj1K7z5N06SPWhiQUNR1U13l59IodG2v62l5ZXVtfXCRnFza3tnt7S339Rxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/eD3xW3egtIijOo4S8ELWj0QgOEMjdUuHQTc7H1NXi5BShz64CPeY1aE57pbKdsWegi4SJydlkqPWLX25vZinIUTIJdO649gJehlTKLiEcdFNNSSMD1kfOoZGLATtZdMXxvTEKD0axMpUhHSq/p7IWKj1KPRNZ8hwoOe9ifif10kxuPQyESUpQsRni4JUUozpJA/aEwo4ypEhjCthbqV8wBTjaFIrmhCc+ZcXSfOs4tgV59YuV6/yOArkiByTU+KQC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx6x1ycpnDsgfWJ8/DqKWjg==</latexit>

NFSZ方案 
no PQ fermions
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总结和展望
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⽬前主要研究复合pNGB 暗物质，可以进⼀步研究复合费⽶⼦暗物质，同时
考虑星系团等天⽂学观测对暗物质产⽣截⾯的限制。 

 在⽆轴⼦强CP 解决⽅案中，模型需要具备以下条件： 

（1） 存在⼀个没有破缺并具有QCD反常的 U(1) 对称性  

（2） 镜像夸克⽆质量，通过凝聚产⽣复合NGB 粒⼦  

（3） Z2 对称使得 Visible/ Mirror Sector 强CP相位同时被复合粒⼦VEV消除。 

 模型中CP-odd 标量以及NGB的质量由镜像凝聚能标决定。


