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Inflation

• The leading paradigm to solve the 
flatness problem and the horizon 
problem.


• Quantum fluctuations got stretched 
and imprinted at superhorizon scales.      
 
 
Explaining the origin of the 
inhomogeneity and anisotropy of our 
universe.

Baumann ‘12

⇓
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• The simplest single-field slow-roll 
inflation predicts a Gaussian 
primordial spectra  nothing 
new in higher-pt correlators

⇒

Primordial non-Gaussianity (PNG)
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h⇣k1⇣k2⇣k3i0 = 0
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h⇣k1⇣k2⇣k3i0 =?

• Many inflation models predict 
non-trivial higher-pt correlators

• break degeneracies of 
inflation models 

• probe physics at very high 
energy scales
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Searching for PNGs in galaxy surveys

• PNGs can be searched in CMB / Large-
Scale Structure surveys.


• 😄 There are abundant galaxy data from 
current and upcoming galaxy surveys.


• 🙂↕ Observed NG = PNG + late-universe 
NG induced by gravity and baryonic 
physics.
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From Howard Hui’s talk

SPHEREx 
All-sky spectroscopic survey 

Science targets inflation

25M spec-zs 
2B photo-zs

Roman 
BAO and lensing survey 
Science targets dark energy 
2000 sq deg area

30M spec-zs 
2B photo-zs

Euclid 
BAO and lensing survey 
Science targets dark energy 
15,000 sq deg area 1100
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What to do?

• A better understanding of late-time effects via 
dedicated modeling and simulations.


• Looking for targets that are robust against late-
time effects.


• Cosmological collider signals.  
(Gravity & EM unlikely to induce the log 
oscillations.) 

• Parity violation signals.  
(Gravity & EM should preserve parity.)
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Parity-violation in large-scale structures

• Parity-violating processes are well-
motivated and ubiquitous.


• They can happen during inflation and 
generate parity-violating PNGs.


• They will be preserved in the late time. 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e.g., Anber & Sorbo ’10, Barnaby+ ’09, Liu+ ’20 , Cabass+ ‘23, 
Stefanyszyn+ ‘24A, ‘24B, Fujita+ ’24, Niu+ ’23, Creque-Sarbinowski+ 
’23, Reinhard+ ’24,……
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Parity-violations in four-point correlation function (4PCF)

8

Left-handed 4PCF

Parity violation = (left-handed 4PCF) — (right-handed 4PCF)

Right-handed 4PCF

Hou+ ‘22

r1 < r2 < r3
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Current status 

• Philcox (2022) and Hou, Slepian & Cahn (2022) 
respectively detected the parity-violating 4PCF 
at 2-3  and 4-7  in BOSS data.


• Slepian et al. (2025) detected the parity-
violating 4PCF at 4-10  in DESI Y1 data.


• Pushbacks over the actual significance. See 
Krolewski et al. (2024), Philcox & Ereza (2024).

σ σ

σ

9

Slepian+ ‘25

Hou+ ‘22
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If it is true, what is the next?
• For cosmological colliders, we can learn mass/spin/interactions etc from the 

oscillation patterns.


• Can we learn something from the parity violating 4PCF?


• Philcox (2022) and Hou, Slepian & Cahn (2022) also give the signal distributions 
across bins. Those distributions can be used to differentiate various parity-
violating models.

10

CMS ‘13
Philcox ‘22
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Radial Bin Index
Philcox ‘22 Hou, Slepian & Cahn ‘22
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Radial Bin Index

How to interpret the 
distributions?

Philcox ‘22 Hou, Slepian & Cahn ‘22



Formalism



Yi-Ming Zhong (CityUHK)

Galaxy overdensity 4PCF
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ω4g (r1, r2, r3, r4) = →ε(r1)ε(r2)ε(r3)ε(r4)↑

• Homogeneity: remove one coordinate  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Isotropy

•  is a function of the relative orientations.


• Think about Legend polynomials.  
 
 
 
 

• The co-rotation invariant function are good basis functions and can be 
factorized into two spherical harmonics. 

ζ4
g( ̂r1, ̂r2, ̂r3)

15

<latexit sha1_base64="NkPFtB8uKixUGJcbWE5yiiVUycA="></latexit>

Pω(r̂1 · r̂2) =
4ω

2ε+ 1

ω∑

m=→ω

Y m
ω1 (r̂1)Y

↑m
ω (r̂2)



Yi-Ming Zhong (CityUHK)

• How about three directions? 
 
 
 
 
 
The isotropic basis functions can be factorized into three spherical 
harmonics.


• Examples:

Isotropic basis functions

16
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3j symbol
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Cahn & Slepian ‘10
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• Six degrees of freedom, .


•  odd means parity violating.

• The radii are discretized into radial bins.

r1, r2, r3, ℓ1, ℓ2, ℓ3

ℓ1 + ℓ2 + ℓ3 =

All the information is encoded in coefficients
<latexit sha1_base64="lGbvGwMP2p8T61MLHGTnRkXZTCA="></latexit>

ω4g (r1, r2, r3) =
∑

ω1,ω2,ω3

ωω1,ω2,ω3(r1, r2, r3)Pω1,ω2,ω3(r̂1, r̂2, r̂3)

r1 r2

r3
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Philcox (2022)
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From trispectrum to 4PCF
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Kaiser redshift-space distortion Transfer function Trispectrum Fourier kernelMomentum conservation

A high-dim integral:  grids per dim   grids in totalN ⇒ N12
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From trispectrum to 4PCF

• Factorizability is the key in effectively performing the computation.


• A trispectrum needs to be factorized into radial-angular parts.

21

<latexit sha1_base64="pzKnUJPsJ/iCjaLLRU+V6IWnlF4="></latexit>

ks = k1 + k2

Analytically integrated by 
using Wigner symbols

Better to be further 
separable.
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Toy models

• Local shape * Parity-odd angular dependence 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• Equilateral shape * Parity-odd angular dependence
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Full model: massive spinning particle exchange

• Spin-1: Higgs model with gauge boson 
couples to a rolling background θ(t)

23

Liu, Tong, Wang, Xianyu ’20, Wang & Xianyu ‘20
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ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

<latexit sha1_base64="GlqJjy9wODim0cI90/LDpOqxXfU="></latexit>

L = →
↑
→g

[
1

4
FµωF

µω +Dµ!
→Dµ!→m2

!|!|2 + ω|!|4
]

→ c0ε(t)

4
ϑµωεϑFµωFεϑ

<latexit sha1_base64="Oj7Y4Y2i5svY6yVCHYya7xArqNY=">AAACLnicbVBNS8NAEN34WeNn1ZuXYBE8lUREPRa9eKxgP6ApZbOZ2MXdTdidKCX0L3jVn+GvETyIV3+G2zYHrQ4MPN6b4c28KBPcoO+/OwuLS8srq5U1d31jc2t7p7rbNmmuGbRYKlLdjagBwRW0kKOAbqaBykhAJ7q/muidB9CGp+oWRxn0Jb1TPOGM4oQKkeaDnZpf96fl/QVBCWqkrOag6uyHccpyCQqZoMb0Aj/DfkE1ciZg7Ia5gYyye3oHPQsVlWD6xfTYsXdkmdhLUm1boTdlf24UVBozkpGdlBSHZl6bkP9qkZxzxuSiX3CV5QiKzYyTXHiYepMkvJhrYChGFlCmub3dY0OqKUOblxsqeGSplFTFRZiMbVvFGmj4KaAVkIvYPu3aHIP51P6C9kk9OKuf3ZzWGpdlohVyQA7JMQnIOWmQa9IkLcLIkDyRZ/LivDpvzofzORtdcMqdPfKrnK9v90epAw==</latexit>ω
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• Advantage 1: signal is parity-violating.
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<latexit sha1_base64="BgY1cIT3QhdxY3hqFh8bnccW/Ys="></latexit>

! → (k1 · ω(→)(k̂s))(k3 · ω(→)(k̂s))

=
1

2

(
k1 · k3 ↑ (k1 · k̂s)(k3 · k̂s) + ik̂s · (k1 → k3)

)

<latexit sha1_base64="Lle/nhxq3E1KSvinwl1fvz0KdLI="></latexit>

k1

<latexit sha1_base64="aRCV+Dk0sGT6No+pNaG+S0ckCjY=">AAACLHicbVBNS8NAEN3Urxq/P25egkX0VBIR9Sh68VjF2mJbZLOZtEt3N2F3opTQf+BVf4a/xouIV3+H25qDtg4MPN6b4c28MBXcoO+/O6WZ2bn5hfKiu7S8srq2vrF5a5JMM6izRCS6GVIDgiuoI0cBzVQDlaGARti/GOmNB9CGJ+oGByl0JO0qHnNG0VLXd/v36xW/6o/LmwZBASqkqNr9hrPdjhKWSVDIBDWmFfgpdnKqkTMBQ7edGUgp69MutCxUVILp5ONTh96eZSIvTrRthd6Y/b2RU2nMQIZ2UlLsmUltRP6rhXLCGePTTs5VmiEo9mMcZ8LDxBvl4EVcA0MxsIAyze3tHutRTRnatNy2gkeWSElVlLfjoW2rWAMNvwW0AnIR2addm2Mwmdo0uD2sBsfV46ujytl5kWiZ7JBdckACckLOyCWpkTphJCZP5Jm8OK/Om/PhfP6MlpxiZ4v8KefrG6IPp8o=</latexit>

Z →

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

<latexit sha1_base64="DXBR3lAO3P213Y5LMsm2/B47vPI="></latexit>

ks

<latexit sha1_base64="KcuVDofWD9bRx99guSAdoHdDOjM="></latexit>

k2
<latexit sha1_base64="ehZGe7yDV4S2HBCguggYRzd/gag="></latexit>

k3
<latexit sha1_base64="hMjTCQ10ALE8rQviP/k+7R2aQ2c="></latexit>

k4

<latexit sha1_base64="s+lDYB3TCUPbMYsXckhVQt1JRbk="></latexit>

!ij → ±iωijlk̂s
l

Full model: massive spinning particle exchange
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• Advantage 2: signal could be sizable. 
 

 introduce a 
chemical potential of . 
 
One of the transverse polarization will 
be enhanced and could overcome the 
Boltzmann suppression.

c0θ(t)ϵμνρσFμνFρσ
μ ≡ c0

·θ
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<latexit sha1_base64="aRCV+Dk0sGT6No+pNaG+S0ckCjY=">AAACLHicbVBNS8NAEN3Urxq/P25egkX0VBIR9Sh68VjF2mJbZLOZtEt3N2F3opTQf+BVf4a/xouIV3+H25qDtg4MPN6b4c28MBXcoO+/O6WZ2bn5hfKiu7S8srq2vrF5a5JMM6izRCS6GVIDgiuoI0cBzVQDlaGARti/GOmNB9CGJ+oGByl0JO0qHnNG0VLXd/v36xW/6o/LmwZBASqkqNr9hrPdjhKWSVDIBDWmFfgpdnKqkTMBQ7edGUgp69MutCxUVILp5ONTh96eZSIvTrRthd6Y/b2RU2nMQIZ2UlLsmUltRP6rhXLCGePTTs5VmiEo9mMcZ8LDxBvl4EVcA0MxsIAyze3tHutRTRnatNy2gkeWSElVlLfjoW2rWAMNvwW0AnIR2addm2Mwmdo0uD2sBsfV46ujytl5kWiZ7JBdckACckLOyCWpkTphJCZP5Jm8OK/Om/PhfP6MlpxiZ4v8KefrG6IPp8o=</latexit>

Z →

<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

Full model: massive spinning particle exchange

<latexit sha1_base64="8RINsLVh+FuK4FVGlnEMdCdGSGA="></latexit>

Z →
(↑) : →ω4↑→ ↓ e↑ωm/H ↔ eω(µ↑m)/H
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• Advantage 3: computation is 
factorizable.  
 
 
The process can be expressed in tree-
level SK diagrams  
 
 
Naturally factorizable 
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⇓

<latexit sha1_base64="M5UeyWmpq9JvHUXujxndEuIcryE="></latexit>

→ω4↑→ ↓
∫

dεLdεRJL(k1, k2, ks, εL)!(ks, εL, εR)JR(k3, k4, ks, εR)

<latexit sha1_base64="Lle/nhxq3E1KSvinwl1fvz0KdLI="></latexit>

k1

<latexit sha1_base64="aRCV+Dk0sGT6No+pNaG+S0ckCjY=">AAACLHicbVBNS8NAEN3Urxq/P25egkX0VBIR9Sh68VjF2mJbZLOZtEt3N2F3opTQf+BVf4a/xouIV3+H25qDtg4MPN6b4c28MBXcoO+/O6WZ2bn5hfKiu7S8srq2vrF5a5JMM6izRCS6GVIDgiuoI0cBzVQDlaGARti/GOmNB9CGJ+oGByl0JO0qHnNG0VLXd/v36xW/6o/LmwZBASqkqNr9hrPdjhKWSVDIBDWmFfgpdnKqkTMBQ7edGUgp69MutCxUVILp5ONTh96eZSIvTrRthd6Y/b2RU2nMQIZ2UlLsmUltRP6rhXLCGePTTs5VmiEo9mMcZ8LDxBvl4EVcA0MxsIAyze3tHutRTRnatNy2gkeWSElVlLfjoW2rWAMNvwW0AnIR2addm2Mwmdo0uD2sBsfV46ujytl5kWiZ7JBdckACckLOyCWpkTphJCZP5Jm8OK/Om/PhfP6MlpxiZ4v8KefrG6IPp8o=</latexit>

Z →

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

<latexit sha1_base64="DXBR3lAO3P213Y5LMsm2/B47vPI="></latexit>

ks

<latexit sha1_base64="KcuVDofWD9bRx99guSAdoHdDOjM="></latexit>

k2
<latexit sha1_base64="ehZGe7yDV4S2HBCguggYRzd/gag="></latexit>

k3
<latexit sha1_base64="hMjTCQ10ALE8rQviP/k+7R2aQ2c="></latexit>

k4

Full model: massive spinning particle exchange
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<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

<latexit sha1_base64="2KVtqFMYnaWo9+fqoxOVGoXPInY=">AAACK3icbVDLSgNBEJyN7/hK1JuXxSB4Crsi0WPQi0cF84AkhNnZ3mTIzOwy06uEJV/gVT/Dr/GkePU/nMQ9xMSGhqKqm+quIBHcoOd9OIWV1bX1jc2t4vbO7t5+qXzQNHGqGTRYLGLdDqgBwRU0kKOAdqKBykBAKxjdTPXWI2jDY/WA4wR6kg4UjzijaKn7Yb9U8arerNxl4OegQvK665edo24Ys1SCQiaoMR3fS7CXUY2cCZgUu6mBhLIRHUDHQkUlmF42u3TinlomdKNY21boztj5jYxKY8YysJOS4tAsalPyXy2QC84YXfUyrpIUQbFf4ygVLsbuNAY35BoYirEFlGlub3fZkGrK0IZV7Cp4YrGUVIVZN5rYtoo10DAvoBWQi9A+XbQ5+oupLYPmedWvVWv3F5X6dZ7oJjkmJ+SM+OSS1MktuSMNwgiQZ/JCXp035935dL5+RwtOvnNI/pTz/QNQH6en</latexit>

h
Liu, Tong, Wang, Xianyu ’20, Wang & Xianyu ‘20 Tong & Xianyu ‘22

<latexit sha1_base64="aRCV+Dk0sGT6No+pNaG+S0ckCjY=">AAACLHicbVBNS8NAEN3Urxq/P25egkX0VBIR9Sh68VjF2mJbZLOZtEt3N2F3opTQf+BVf4a/xouIV3+H25qDtg4MPN6b4c28MBXcoO+/O6WZ2bn5hfKiu7S8srq2vrF5a5JMM6izRCS6GVIDgiuoI0cBzVQDlaGARti/GOmNB9CGJ+oGByl0JO0qHnNG0VLXd/v36xW/6o/LmwZBASqkqNr9hrPdjhKWSVDIBDWmFfgpdnKqkTMBQ7edGUgp69MutCxUVILp5ONTh96eZSIvTrRthd6Y/b2RU2nMQIZ2UlLsmUltRP6rhXLCGePTTs5VmiEo9mMcZ8LDxBvl4EVcA0MxsIAyze3tHutRTRnatNy2gkeWSElVlLfjoW2rWAMNvwW0AnIR2addm2Mwmdo0uD2sBsfV46ujytl5kWiZ7JBdckACckLOyCWpkTphJCZP5Jm8OK/Om/PhfP6MlpxiZ4v8KefrG6IPp8o=</latexit>

Z →

<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω
<latexit sha1_base64="fltuCYxvqEpUWHHVH9a4fD/lSxI=">AAACL3icbVBNS8NAEN34WeP3x81LsAieSiKiHkUvHitYW2hC2Wwm7dLdTdidKDX0N3jVn+GvES/i1X/htvagrQMDj/dmeDMvzgU36Pvvztz8wuLScmXFXV1b39jc2t65M1mhGTRYJjLdiqkBwRU0kKOAVq6BylhAM+5fjfTmPWjDM3WLgxwiSbuKp5xRtFQjfASkna2qX/PH5c2CYAKqZFL1zrazFyYZKyQoZIIa0w78HKOSauRMwNANCwM5ZX3ahbaFikowUTm+dugdWibx0kzbVuiN2d8bJZXGDGRsJyXFnpnWRuS/WiynnDE9j0qu8gJBsR/jtBAeZt4oCi/hGhiKgQWUaW5v91iPasrQBuaGCh5YJiVVSRmmQ9tWsQYafgtoBeQisU+7NsdgOrVZcHdcC05rpzcn1YvLSaIVsk8OyBEJyBm5INekThqEEU6eyDN5cV6dN+fD+fwZnXMmO7vkTzlf39qoqXc=</latexit>

ω

<latexit sha1_base64="STktjhQ0eFxrRN1JxsLJ5iBcH60=">AAACMHicbVBNS8NAEN3Urxo/q968BIvgqSQi1aPoxYMHBVsFE8pmM2nX7m7C7kQpof/Bq/4Mf42exKu/wm3tQasDA4/3ZngzL84FN+j7b05lZnZufqG66C4tr6yurdc22iYrNIMWy0Smb2JqQHAFLeQo4CbXQGUs4Drun47063vQhmfqCgc5RJJ2FU85o2ipdoi06Jx31ut+wx+X9xcEE1Ank7ro1JytMMlYIUEhE9SY28DPMSqpRs4EDN2wMJBT1qdduLVQUQkmKsfnDr1dyyRemmnbCr0x+3OjpNKYgYztpKTYM9PaiPxXi+WUM6ZHUclVXiAo9m2cFsLDzBtl4SVcA0MxsIAyze3tHutRTRnaxNxQwQPLpKQqKcN0aNsq1kDDTwGtgFwk9mnX5hhMp/YXtPcbQbPRvDyoH59MEq2SbbJD9khADskxOSMXpEUYuSOP5Ik8Oy/Oq/PufHyPVpzJzib5Vc7nF3VZqcI=</latexit>ωL
<latexit sha1_base64="+eWO77p3aSF3gTdWi2svfDFc388=">AAACMHicbVDLSgNBEJz1GeMrUW9eFoPgKeyKRI9BLx6jmAe4IczO9urozOwy06uEJf/gVT/Dr9GTePUrnDwOMbGhoajqprorTAU36HmfzsLi0vLKamGtuL6xubVdKu+0TJJpBk2WiER3QmpAcAVN5Cigk2qgMhTQDh8vhnr7CbThibrBfgpdSe8UjzmjaKlWgDTrXfdKFa/qjcqdB/4EVMikGr2ysxdECcskKGSCGnPreyl2c6qRMwGDYpAZSCl7pHdwa6GiEkw3H507cA8tE7lxom0rdEfs9EZOpTF9GdpJSfHezGpD8l8tlDPOGJ91c67SDEGxsXGcCRcTd5iFG3ENDEXfAso0t7e77J5qytAmVgwUPLNESqqiPIgHtq1iDTRMC2gF5CKyTxdtjv5savOgdVz1a9Xa1Umlfj5JtED2yQE5Ij45JXVySRqkSRh5IC/klbw5786H8+V8j0cXnMnOLvlTzs8vgAOpyA==</latexit>ωR

Full model: massive spinning particle exchange

<latexit sha1_base64="Oj7Y4Y2i5svY6yVCHYya7xArqNY=">AAACLnicbVBNS8NAEN34WeNn1ZuXYBE8lUREPRa9eKxgP6ApZbOZ2MXdTdidKCX0L3jVn+GvETyIV3+G2zYHrQ4MPN6b4c28KBPcoO+/OwuLS8srq5U1d31jc2t7p7rbNmmuGbRYKlLdjagBwRW0kKOAbqaBykhAJ7q/muidB9CGp+oWRxn0Jb1TPOGM4oQKkeaDnZpf96fl/QVBCWqkrOag6uyHccpyCQqZoMb0Aj/DfkE1ciZg7Ia5gYyye3oHPQsVlWD6xfTYsXdkmdhLUm1boTdlf24UVBozkpGdlBSHZl6bkP9qkZxzxuSiX3CV5QiKzYyTXHiYepMkvJhrYChGFlCmub3dY0OqKUOblxsqeGSplFTFRZiMbVvFGmj4KaAVkIvYPu3aHIP51P6C9kk9OKuf3ZzWGpdlohVyQA7JMQnIOWmQa9IkLcLIkDyRZ/LivDpvzofzORtdcMqdPfKrnK9v90epAw==</latexit>ω



Result



Yi-Ming Zhong (CityUHK)

General 
result

29

• 49 models in 
total



Yi-Ming Zhong (CityUHK)

Features: Angular part

• Trispectra with high-  angular-
dependence  Larger galaxy 4PCF 
signals in high-  bins.


• Propagating degree carries spatial 
angular momentum  Signals 
spread over a large range of  bins. 

ℓ
⇒

ℓ

⇒
ℓ
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Yi-Ming Zhong (CityUHK)

Features: Radial part

31

• The massive spinning exchange 
model shows more sign flips of the 
coefficients than the toy models.


• The coefficients got suppressed for 
higher-  bins. For Equil. Model and 
full spin-1 model, the suppression 
mostly happens at the squeezed 
limit.

ℓ

10-3

10-2

10-1

100

101

8
9
10

4
6
7

... ... ...
1
2
9

1
9
10

10-3

10-2

10-1

100

101

0 20 40 60 80 100 120

10-3

10-2

10-1

100



Yi-Ming Zhong (CityUHK)

Comparison w/ BOSS

32

• Philcox (2022) and Hou, Slepian & Cahn 
(2022) both used the compressed  
analysis pipeline and covariance matrix 
from the same set of simulations.


• Looking for the most robust linear 
combination of basis functions  
keeping  eigenvectors with smallest 
eigenvalues of the covariance matrix.


• Remove small-scale effects  filtering 
out near-by radii bin combos.

χ2

⇒
Neig

⇒

Philcox’22

Hou, Slepian & Cahn ’22



Yi-Ming Zhong (CityUHK)

Comparison w/ BOSS

33

• Top 10 models with highest scaling factor 
over its standard deviation .


• No models passing detection level of 


• The radial bin filtering has negligible  
effects.

μA/σA

3σ .

For spin-1 and 2 models,  
Chemical potential enhancement 

μ ≡ m2/H2 − 9/4 = 4
e4π

●● ■■

-4 -2 0 2 4

●● ■■

-2 0 2 4



Yi-Ming Zhong (CityUHK)

Comparison w/ BOSS

34

•  fluctuates for the same model 
with different . 


• Questions into the robustness of 
compressed  methods.


• Useful information of the parity-
violation is likely dropped out due to 
data compression. 

μA/σA
Neig

χ2

●● ■■

-2 0 2 4 6



Yi-Ming Zhong (CityUHK)

Summary

• Parity violation in correlation functions represents novel opportunities in 
detecting PNGs.


• High dimensionality poses a significant challenge in converting parity-violating 
trispectra into galaxy 4PCF. Factorization is necessary.


• Massive spinning particle exchange with chemical-potential enhancement is a 
type of well-suited models for parity violation detection.
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