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W-boson mass
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W-boson mass
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b — s¢ anomalies@mid.2022: branching ratio
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b — sC¢ anomalies@mid.2022: angular distribution
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b — sff anomalies@mid.2022: lepton flavour universality ratio
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b — s¥ anomalies@mid.2022: lepton flavour universality ratio
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Motivation of this work (arxiv:2205.02205)

Explain the CDF W-mass shift and b — sZ+¢~ anomaly

in a model simultaneously ?
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Motivation and idea

Chih-Ting Lu, Lei Wu, Yongcheng Wu, and Bin Zhu, 2204.03796
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Motivation and idea
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TO - h i I i c Z 4 m Odel J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002
p p P. J. Fox, . Low, Y. Zhang, JHEP 03 (2018) 074

» Gauge group: SU3)- ® SU2); @ U(1)y ® U(1)’ » Mass matrix
» New fermions: vector-like top partner U; , ~ (3,1,2/3,q,) " c y T
» Lagrangian: quark sector i 0 0
Lint :()\HQ;;LI:IU:;R + )\@Uiu;gR(I) =+ MU}’;U& + h.C.) 8 0
+ g9t (Up*UL + Upy*Ug) Zys 0
» Comments ”
> interaction eigenstates mixing between f and T’

» Assuming only 3rd-gen SM quarks mix with the top partner
» \Vector-like top partner + Z’

» Rotation from the interaction to the mass eigenstate

(tL> . (COSHL —SineL) (’U,3L>
Tr ] \sin6 cos 0 U’ m
- - - b tanfy = —ttanHR

tR o COSOR —SiIlHR U3 R mr
Tr) \sinfg cosOp Ur

mass interaction
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Top-philic Z' model

» Gauge group: SU3)- ® SU2); @ U(1)y ® U(1)’
» New fermions: vector-like top partner U;  ~ (3,1,2/3,q,)

» Lagrangian: quark sector

Lint :()\HQ;;LI:IU:;R + )\@Uiu;gR(I) =+ MU}’;U& + h.C.)

+ qr9¢ (U UL + Upy*Ug) Z),

» Comments
> interaction eigenstates

» Assuming only 3rd-gen SM quarks mix with the top partner

» \Vector-like top partner + Z’

» Rotation from the interaction to the mass eigenstate
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Ty ] \sinfp cos 1 U;
tR o COSOR —SiIlHR U3 R
Tr) \sinfg cosOp Ur

mass interaction

™m
tanfy = aia tanfp
mr

J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002
P. J. Fox, I. Low, Y. Zhang, JHEP 03 (2018) 074

» Interactions
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» |lepton sector (effective coupling)
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» NP parameters
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W-boson mass shift and oblique parameters

Global EW fit

Explanation in top-philic Z' scenario

- . »Most NP effects on the EW sector can be parameterized by
» NP contributions to vacuum polarizations
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ST — ﬁ [Kl (yt7 yT) + 3C%K2 (yt7 yT)] 9 (e Mz Swew
. 357 ) ( P 21T 1 L ) Q.| miy m% |’
T~ J6ms2, |7 0t T L\PT T T — Ty " T _ sy [ww (miy) —Hww(0)  cw -, v _
W U = g T, (0) — I, (0)| — S,
Ol m SW
52 v
Ur = ﬁ [Ks(ﬂvt, Yt) — Ks(fL'T,yT)] =5, » A global EW fit is needed to explanation of the CDF my;, shift
J. Cao, L. Meng, L. Shang, S. Wang, B. Yang, 2022 04F FixedU =0 .
> Allowed parameter space H.M. Lee, K. Yamashita, 2022
100 A. Crivellin, M. Kirk, T. Kitahara, F. Mescia, 2022 03k |
T M. Endo, S. Mishima, 2022 '
- - R. Balkin, E. Madge, T. Menzo, G. Perez, Y. Soreq, J. Zupan, 2022
0.98 — = . 0.2F -
: 1 * m%,DF can be explained by the
0.96 - - 0.1F -
s L : top-parter effects «
o) N - .
T 094f 4 % small 6, is allowed 0.0f .
0%2E B EW fit with mCPF : 20 - T 00 o1 02 03
5 | | ] 5 By Gfitter
0'9300 800 1400 200( Chih-Ting Lu, Lei Wu, Yongcheng Wu, and Bin Zhu, arXiv: 2204.03796

my [GeV] 106



b — sT¢ anomalies

» NP contributions

o i Tum oW 7’Z> o ~ Z> T 7 T
W L4 W W tT; ¢ T t, T t,T
t T ' b tT s b W s b W s
» Effective Hamiltonian dominated
4GF 87
Her D Vi Vi — (CEOF +CH OF,) + h.c.
eff \/5 tb Vs A ( 9 Y9 10 10) 9

» Wilson coefficients

1 :
Cé\IP — 3%[1 + 8% (1 — F) (IQ -+ C%I;g) + AC_IZ_
%4

2

CNP — 485 (I + 2 I3) + ACZ',
Sw

* The W-box, y- and Z- penguin diagrams are highly suppressed (proportional to sin? o)

% The Z' penguins do not suffer from this suppression and may affect the b — s£€ ¢~ processes

» NP parameters

%gtg,uL’R

m2,

cos 0;, my,

Without loss of generality
q, = 1, g, = 1, N, = 200 GeV

L _R
(cos 0, my, 8/, &,
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b — sC7¢~ anomalies and the CDF my; shift

0.8 T 1 T 1 1 T T 71 T T 1 T 1 0.8 T 1 T Tt 1 T T 71 1 T 1 T 1 I L R
" EEb— sl: 1o mgp = 500GeV | " Emb — sll: 1o mgp = 1000 GeV | }b —_ Sf'f (COS@L, mr, 8,5 8
 mEmb : i i : . H> Ol
0.6—- — sbl : 20 i 0.6_-b—>s£€.20' | .
: : : : > My shift (cos @;, my)
04 0.4 -
S i S i ]
=) - =) - -
02 02+ —
0.0 0.0 ~ “DF s | | |
- - : % my;~ and b — s£7¢~ anomalies simultaneously explained at 2 o level
_ [ TR NN TN S N S _ [ SN N TN SN NN SN WO (NN S N S W I I I I
02— 0 " 07 02— 0y 07 o6 os % the couplings are safely in the perturbative region
g, 9,
0.8 1t 1 1 T 1 T T 71 T T 1 T 1 0.8 1T 1 T T 1 T T 1 T 1T 7T T 1
Em b — sll: 1o mp = 1500 GeV | B b — sll: 1o mp = 2000 GeV |
0.6:-b—>322:20 _- 0.6:-b—>s££:20' __
04 - 04 -
S i } S i )
=) - - = - -
021 ~ 02 _
00F ‘ ] 001 0 ] Constraints on (g[;, g/f) from the b — sZV¢ ™ processes, inthe 2 ¢
I N SN T I N T allowed regions of (cos @;, m;) obtained from the global EW fit
202 00 02 04 06 08 202 00 02 04 06 08
L L



Problems In this work (arXiv:2205.02205)

» |lepton sector is based on effective couplings, not UV-complete
L.=0Z (95Pp + g% Pr) 1

» can’t explain (g — Z)ﬂ

» collider (depending the Z’ decay)

» 7 — 7' mixing (NP particles in the lepton sector can enter the loop)

» New CMS measurementson B, — utpu~

» New LHCb measurements on Ry and R

19



Problems In this work (arXiv:2205.02205)

» New CMS measurements on B, — p™ i1~ (axxiv: 2212.10311)

06><1o-9 CMS 140 fb™! (13 TeV)
05 E_ ...... 56 ...................
—~ 0.4 I ........ . 4(5 ............... k ..............................................
| - 3(5 .............. T
Qo2 IS NN T T T—
O \\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0_| L E |E'—| ! [ [
1 2

» New LHCb measurements on RK and RK* (axXiv: 2212.09152, 2212.09153)

B(B] - u'w)

B(Bs — .U+.U_)ATLAS = (2.8J_r8j§) x 107,
B(Bs — ,U+,U_)LHCb = (3.09i8:3§f8:ﬁ) x 1079,
B(Bs — w*p”)oms = (3.8315:3676,1676,13) x 107°.
B(Bs — H+#_)avg = (3.521‘8:?,’)3) % 107

B(Bs = ptp )sm = (3.66 +0.14) x 1077

o T e i B(By — 1 i )avg = (293 £0.35) x 10~°.

L4t

1.2}

Rg  low-¢* =0.994700%
Ry central-¢> = 0.949700%%
Ry~ low-¢> = 0.9271000

Ry~ central-¢° = 1.0271)07F

o

R g
—
-
|
¢

0.8F

¢4 Data
—  SM

t { :

all consistent with SM

Ry and Ry anomaly
disappear

Y2=16,p=0812 0 =0.2

R low-¢° Ry central-¢* Ry low-¢*> Ry central-g°

20

remaining discrepancies inb — s€t¢~

see also {0J&FE’s talk

Pl [2.5,4] L
Py [4,6] —
B(B™ — K p*p™) [1.1,6] —te—
B(Bt — K*tete) [1.1,6] - —e—
BB = ¢ptp) [1.1,6] -  -e-
B(BY — putp) - °
B(B" — ptp) - o
-5 —I4 —|3 —I2 4 (l) ] 5 5

Pull in o



Problems In this work (arXiv:2205.02205)

Recent Global Fit

Ciuchini et al 2212.10516
Alguero et al 2304.07330

All Qiaoyi Wen, Fanrong Xu 2305.19038
1D Hyp. Best fit lo /20 Pullgy | p-value - -
IR Oy = (by"Prs)(¢y,0)
@ 067 - i s A5 909 0% . -
9“ —0.98, —0.37] O,y = (by*Ps)(€7,y5¢)
—0.25, —0.13
Gy =i | S e 9.9 % 9B(B, — u*u~) consistent with SM
e e (C,o can’t be too large)
e 02 STl N T | Current global fit implies
(Csy »Cl0,) || (—0.82,-0.17) | 4.4 21.9% L 7 o+ p— - :
ke ey | Cossto0m) | 42 | 194% | Z'C"TC interaction should
(CYP,Co,) || (—0.78,40.21) | 43 | 20.7% \ be almost vector-type
(CYF,Ciory) || (—0.76,—0.12) | 4.3 | 20.5% T T T,
(P NPy [ (—1.17,—0.97) 56 40.3% one-loop Z’ contribution: (g — 2)'” X — SgA 8y
Scenario Best-fit point lo Pullgy; | p-value
Skl 1) - (GNE - ERIE (@] —1.17 —1.33,—-1.00] | 5.8 |39.9% No Ry, Rg+ anomalies now !
Cy,, —1.02 —1.43, —0.61]
Scenario 5 Clou —0.35 —0.75,—0.00] | 4.1 21.0 %
cy =cY +0.19 —0.16, +0.58] £ £
, €y~ Co —0.27 —0.34, —0.20]
Scenario 6 é‘g _cy a o 0,53, -0.20 4.0 18.0 % 7
, C —0.21 —0.39, —0.02]
Scenario 7 Cgf . 121 —0.72 5.6 40.3 %
. Gy = (i —0.08 —0.14, —0.02]
Scenario 8 < cv 4 0 _1.97,—0.91 5.6 41.1% L W S

21
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- i —_
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S e e

* SM

B; = pu+ B = X ¢ Fit
B; — ¢up Fit

B — KU Fit

B — K™l Fit

——— Ry & Q4 Fit

——— b — sup Fit

—— Global Fit

ABCDMN23

* SM

B; = pp+ B — X 00 Fit
B; — oup Fit

B — K/l Fit

B — K*¢ Fit

S RK(*) & Q4,5 Fit

——— b— supu Fit

—— Global Fit

ABCDMN*23
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7' model with UV-complete lepton sector
lepton sector: £, = fif’ (9,Pr +9,Pr)x  » Lagrangian

» anomaly free ALy = — (ngLopHesp + Ao, Erear®e + A\sELEre + h.c.)
. - + qod’ (Lopy* Lop + €9pY" — L3;v*Ls; — éspy! 7!
» almost vector type Z’fflnt- ( b —_ Sffgk)ba' flt) q¢9 ( 2L7" LoL T €2R7Y €2R 3L L3L — €3Rr7Y 63R) "
= = - m
» explain (g — 2)” y %/ » Diagonalize mass matrix tendr= " tandr
- - - - ’ — ML \ €aL MR\ lar
» satisfy neutrino trident production J S— ( ML) = R(0r) ( EL) ( MR) = R(0r) ( ER)
- : S S mass interaction  mass interaction
> prOVIde nGUtran Masses Altmannshofer, Gori, Pospelov, Yavin, 2014

Constructions » Interaction S; = Sinod;, ¢; = CcOSO;

» Gauge group: SU3). ® SU(2), ® U(1)y ® U(1)’ L=~ eidu—eMAM,

ct =9 erW Py, + 8 MW Prv,) + h.c.,
Lop = (1, 2, —1/2, +q) =L 1 —L4e) W \/i( A L)
1.€. — 1 A2 2 1a A
L3, = (1, 2, —1/2, —qu) esr = (1, 1, =1, —qp) TH T ¢ _ 9 (- (3%t Sw  —3SLCr 1L
LZ cw ( L)ML) —“‘%é\LéL —%é\% + S%/V Z ML
> New vector-like muon partner 92 (i ) 4 (P
EL/R m— (1, 1, —]_, O) Cw i ’ \ MR
» Two complex scalars i 208 o\
p £ =ag (30 (2 3°50) 2 (M0 ) + (2> R
$=(1,1,0,0) B, =(1,1,0, —q) PLOLY oL L

enerate muon partner mass induce muon partner-muon mixin .
° P P ° sino; < 0.01
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W-boson mass shift

» Feynman diagrams

t, T t, T

t,T b
» Result

7 | | | | | | | | | | | | I

041 EW fit with m3°™° : 20 -

i EW fit with m‘(fVDF : 20 ]

0.3 ]

. - _
D — —
k= - ~
n 0.2 ]
0.1 =

0 ) | | | I | | | | I | | | L

'800 800 1400 2000
mor [GeV]

v, 4 Y, 4 W\MOM?/V

p, M Yy

highly suppressed by small 0,

same with the previous work
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Hr,

(v,

mass

COSO; —sIno; €y
sind; cosé;, ) \ EL

interaction

Z—>pu p

» Feynman diagrams

To cancel the UV divergences, the mixing angle 0; should be renormalized.

7 Il 7

» Observables R =T(Z— pu u )IT(Z — e*e™)

Z', 7,y
» Effective couplings

e izZ(gLelDL + grePr)/¢
Cw

4 YZ = pppr) —T(Z = pgrig)
.

» Constraints: my, and Z — P

0.08 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 | | | | |

| Mt = 1000 GeV — T = 110 GeV
0.061- My = 300 GeV <
: —my = 500 GeV
o
ww
= 0.04 ]
17
0.02 -
0.0 1 ] | | | I I | | | I | I I ]
900 900 1100 1300
mzg [GQV]

1500

0.07

(10%

my = 1500 GeV — iy = 110 GeV
mpy; = 300 GeV
§ ———-MMmyar = 500 GeV 3
| | |
00 900 1100 1300
m gz [GGV]

1500

I'(Z = ptp-) '
0 07_ b 2000 GeV m———Tpn = 110 GeV |
mpyr = 300 GeV
B m———mpr = 500 GeV i

5005 -
o
= |

0.031

| | | | | | |
0.0%50 900 1100 1300 1500
m gz [GBV]

sing; < 0.05 is obtained. However, sino; < (.01 is considered for simplicity.
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A +— BNL

: il 4 FNAL Run-1
I +——+ FNAL Run-2/3
ﬂ +——+ FNAL Run-1 + Run-2/3

— A Xp _ SM _ "1 4+50
Aaﬂ =a, a,” = 251 =59 o rerne
» Feynman diagrams S e
BNLg-2 — -
Y
FNAL g-2 + @
14 14
> > > < 420 >
H AN K Y v, L
/ \: o ———
» : Standard Model Experiment
] o Average
negative | positive . . . . . . . . .
- | v 175 180 185 19.0 195 200 205 210 215

9
o . . a,x10" - 1165900
positive | |suppressed by small sino; suppressed by small sino; -
4 4 my = 110, 200, 300, 500, 1000 GeV Ag, =1
5 O 4000 | [ ! [ I I I : I I I : =
B | | | | | | | . i} =
- 1 2 o allowed region :
4_— ] 7
- - o¢ _ _
SR - ‘¢ —+ / (U trident prod. Included) = -
o L ] 62 4 }
= 2C ~ _ 4 - -
“ - ¢ alone can explain - B
= . - ]
: (g — 2), anomaly 9 sindy — 102
_ o . ] ~10 I NN NN AN TR TR (R N N N N R
9.0 05 10 15 >0 SInoy is lower bounded 200 800 ) 1400 2000
A 3.2 % 10™* < sinéy, < 1.0 x 1072 me, [GeV]

o5 choose Mg, > 2 TeV to suppress this negative contribution



Global fit: b — s ¢~

» Global fit 2> Fit result

. I
» Inclusive decays i

-B—> Xy I Allowed @95% (68%)CL
-B > X7 -
» Exclusive leptonic decays Ir
=B, = S
5L

» Exclusive radiative/semileptonic decays

-B(O’+—>K(O’+)f+f_ i

- BO+ o KF O ptp- i
=B, — duTp”

-5 -1 0
AN
» Including about 200 observables (almost all available measurements
from BaBar, Belle, CDF, ATLAS, CMS, and LHCD)

» performed using an extended version of the package flavio

=Ny = ApTpT

dominated

Recent LHCDb results in

LHCb-PAPER-2023-032, 033
not considered in our work

» Current discrepancies

P5 [4,6] —

B(B™ — K u"pu) [1.1,6] —te—

B(BT — KTete ) [1.1,6] | —e—

B(B!) — ¢utp) [1.1,6] —o-

B(B? — ) 5 °

B(B“ — ptp) °

I I I I
-5 —4 -3 -2 -1

I I I
0 1 2

Pull in o

CMS and LHCDb’s new measurements included

I

3

I
ul

5
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» Zuu couplings
» W-boson mass

>»b — suu

» U trident production

» Fixed parameters

» Free parameters

(mT7 Sin 0L7 mpyr, Sin 5L7 mz:, ge, gﬁ)

g =98 8, =98

/Iq)f — 01

Global constraints

2.0

1.5

0.5

0.0

1.5

0.5

0.8.

206 allowed region for various sin d;

T T T ] T T T T ] 1 r r 11,7 11 Trr] T [ rrrr1rrrr,71 rrrr1r [ rrrrrrrr,
= —— —— , —
| sindp = 0.1 X 10~ 1 1 , _
_ i sind;, = 0.4 X 1072 —+ —+ . -
- mm sin 67, = 0.7 X 1072 -+ -+ ‘ -
" mm sin 6, = 1.0 X 10727 T T -

4

B R h 1T _
- ,, . . -
B R e R 1L Re ~w |
- ,¢" my = 1000 GeV T " myz = 1000 GeV T " myz = 1000 GeV ’
- 7 mr = 1000 GeV + L’ mr = 1500 GeV + mr = 2000 GeV -
Y 4 i B 4 i B 4 -
F 1 4+ 1 4 H
- -t ¢ -+ s -
n 1 1 R

N 1 1 .’ |
) R T I .’ -
- z' - ’ - z, -
i 'z L 'z 1 ,z |
i R4 1 R4 1 R4 _
| '/ 1 '/ 1 ,l _
| ,l i ,l i ,/ _
- ,¢" mg = 1500 GeV T " mz = 1500 GeV T * mz = 2000 GeV !
- L’ mr = 1500 GeV + L’ mr = 2000 GeV + mr = 2000 GeV -
L'l I N N I T N N T N TR N T N O T I | ;'l [ N N I T N T N N N T I I N I | ;'l [ N N I T T N N N R N N I O I I | |
0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5

gt gi gt
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Predictions on (Cy, Cy) inb — s~

predictions shown
In the black points

1

NP
ClO,u

NP
ClOu

mz = 1000 GeV
mr = 1000 GeV

myz = 1500 GeV
mr = 1000 GeV

myz = 2000 GeV
mr = 1000 GeV

myz = 1500 GeV
mr = 1500 GeV

myz = 2000 GeV
mr = 1500 GeV

myz = 2000 GeV
mr = 2000 GeV




Collider Searches: m; < m,

10

o(pp — TT) [pb]
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ATLAS, Phys. Rev. Lett. 121 (2018), no. 21 211801

—IIIIIIIIIIIIII|IIII|IIII|IIII|IIII—

Theory (NNLO prediction *+10) R
——95% C.L. combined observed
--------- 95% C.L. combined expected
I 95% C.L. combined expected limit +16 -
95% C.L. combined expected limit+2c

[ Illllll

- ATLAS —
 Vs=13TeV, 36.1fb" SU(2) singlet
= — H(bb)t+X — W(v)b+X  — Z()tb+X =
- Tril./s.s. dilep. —— Fully had. Z(W)tEX -

mp > 1.3TeV

llllIllllIllll|llll|llll|llll|llll

m; [GeV]

1000 1100 1200 1300 1400

same with the regular top partner scenarios
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- T — tZ,t/', bW, th
Collider Searches: m, > m,. A

+ — O T T T T 1T T T T T 7 T T T T 1 T T T T [ T T 71
— X
pp //t //t + i CMS bound _
=)
Q 0.6 myz = 1000 GeV —
+ coe . ]
2
5 04
T — 1000 GeV -
=8
S 07 = 1500 GeV _
T O I e =
3 = 2000 GeV
o STT)-2-B(T — t7) -B(Z' — utu— 00 N I TN N N I T N N A N NN A A I N AN NN NN N
(pp ) ( ) - B( purpT) 0 ) ) 3 4 5
140 fo' (13 TeV, pp) ' ge/ g
o) - LS R S B S B T T T ] T T 1T T [ T T 1T T [ T T T T [ T T 11
O% o - CMS — 0bs. 95% CL limit - CMS bound
X E 0y N, O\ e Exp. 95% CL limit, median 3 — 03 === -
o - ] é
™ - I Exp. (68%) . — mz = 1500 GeV |
< 10° g Exp. (95%) = :i
Yy A Gy« (LO X 1.6) ] 02k B
2 10—3:_ —k/M —0.1 — +3~ )
o - k/M _0.05 - <
(5¥ 10 . T NG k/M = 0.01 - 0
I o1k e mp = 1500 GeV _|
= 0 - z HL-LHC scnsitivit o my = 2000 GeV
10 E, T T T T T = — i Amrmrmrmr s m -
1000 2000 3000 4000 5000
m [GeV] oLt L | YT N I A N I N NN A N

CMS 137 fb~1@ 13 TeV, JHEP07(2021)208



Collider Searches

Cexp = 12.6728 fb

+ t -5.2
- £ t CMS 137 b~ 1@ 13 TeV, 1908.06463
SM A N _ +2.2
o0/ —t 'L' Frederix, D. Pagani, M. Zaro 1711.02116

o(pp = ttZ") - B(Z' — tt)

1027“_“‘,””.””..
L |

| ATLAS

Vs =13TeV, 139 fb-! —— Observed
—————— Expected
[ Expected +10

10"t ]
— Expected +20 |

95% CL limits on o(pp — Z'up — 4y) [fb]

100¢

Oporn(€'€ DU WZIXB(Z'—u'L) [ab]

1

:
_1 n n 1 n n n n 1 n n n n 1 n n n n 1 ! n n n 1 n n n n 1 n n n n 1 n n n 1
.. ~ 1 Ge \/ 107 —30——20 30 40 50 80 70 80
¢ my [GeV]

can be searched for at BES, Belle ll, STCF
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-___CMSbound L ____3
— - myz = 1000 GeV -
= | 1
3 10r "
—~
T | —
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;E 5t o my = 1500 GeV
n e mr = 2000 GeV _
O_M

ge/ gt

Batell, Lange, McKeen, Pospelov, Adam Ritz, 1606.04943
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Summary

Conclusions

» Our model can explain (g — 2), , CDF m;, measurement, and the b — s€7¢~ data

» And satisfy many other constraints, e.g., Z — ,u"'p_, U trident production, ...
»pp => puu~ + XatLHCandete™ — u*u—u*pu~ at Belle Il are sensitive to the NP particles

» Top partner mixing with 1st and 2nd generation is also possible G.C. Branco et al, arXiv:2103.13409
» EW baryogenesis ?

» Z' contributions to the global EW fit is not included J. Berger, J. Hubisz and M. Perelstein, arXiv: 1205.0013

» Naturalness from the top partner not discussed

» 7' contributions to EW fit | mixing with 1st and 2nd gen | Naturalness

» detailed collider simulation

Thank You !
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Backup
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SM NP
Q3 usg Lo L3 er e H U Eoyrp @0 P ¢
SUGB)e 3 3 1 1 11 1 3 1 1 1 1
SU©2)., 2 1 2 2 112 1 1 11 1
Uy 1/6 2/3 -1/2 -1/2 -1 -1 1/2 2/3 -1 0 0 0
U(1)’ 0 0 qe - @ —q 0 qs 0 —-q@ ¢ O

L th' (U}JVNU}J + [71’%7/‘[];2) Z;L — (Z )\quLf{qu + )\4z-(7£u7;R<I>t + /LU}JU{Q + h.C.)

L D qeg’ (Lary"Laor + €ary"ear — Lapy* Lar — €3ry'esr) Z,, (2.19)
~ [Z NoLirHeir + NjoErear®s + NigEresr®, + (A1 Ereir + A ELER)$ + h.c.] ,
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L =—enduy —eMAM,

B

E%V Zi (éLﬁWPLVu + §LMWPLI/“) + h.c.,
V2

e :i(— M) —3¢1 +sfy  —38Lér i (ir, Mg) Z KR

2 Cw et - _%gLéL —%§%—|—8%V ML ' Cw " i - MR ’

. = ¢ 5 . . .
‘CEZ’ =gy (,uLaML) <§ LA lizL) Z, (;&L> _gﬁTLZ,TL o (L o R) T ge (V[LZ,PLV/J, - V’TZ,PLV’T)
LCL ST L

A9 2

A2 . 2
T - my, (i, M) ( ¢ O tano )h (,LLR> ‘5. ct = o my a ( ci c7tanfpg )h(tR> i

§L6L §L6Ltan5R MR SLCT, chLtaHHR TR

CL,CrR CLSR CLCR CLSR

N SL.SR —SLCR LR
Lo =——= (Br, ML) (—éLéR . ¢ e

5\ B e e —S1,CR SLS t
LCI)E — O (,aL,ML) ( SILCR SLSR) (I)g (MR) h.C., ‘C(I’t — \}I% (tL,TL) ( LCR ©L R) h (T}}:> e

V=1 u3ISI> +Re(xg ) ISI = A IS|* (2.34)
S

+ (Amol9)® + Ara, P + Ara, |Pe)?) HTH + (Apa, |Pi]* + A, |Pe]?) 0% + Ao 0, ||| Do,
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