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Motivation

• Polarized collisions probe differences between beam-
spin configurations.

• The measured jets are formed only after QCD 
radiation, so parton shower effects can modify 
polarized jet observables.

I. Borsa and B. Jäger, JHEP 07 (2024)
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See also: Mankiewicz, Schafer, Veltri `92
Richardson, Webster `18



Motivation

• Conventional showers used in polarized predictions are generally helicity-
averaged: they generate the radiation without retaining a definite helicity history 
through the branchings.

Goal: Retain polarization information throughout the shower evolution.
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Outline
• Overview of the MC Parton Shower

• Final State Shower —with fixed helicity
• Final State Shower —with weights

• Initial State Shower —with fixed helicity

• Summary
• Complete Shower
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Overview of the MC Parton Shower

Random branchings

DGLAP Equation:

<latexit sha1_base64="5L0oEG/0ZKpzNZjLaPxf4rFyL3c="></latexit>

dPa→bc =
dQ2

Q2
dz

ωs

2ε
Pa→bc(z)

 Can be compared to analytical solution
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<latexit sha1_base64="e9/q4PQ9mu9E25qe4L7Cja1rSwk="></latexit>

d

d lnQ2

)︄
D!(x,Q2)

Dg(x,Q2)

[︄
=

ωs(Q2)

2ε

)︄
Pqq 2NfPqg

Pgq Pgg

[︄
→
)︄
D!(x,Q2)

Dg(x,Q2)

[︄



Overview of the MC Parton Shower

• Sample    and    <latexit sha1_base64="1pVndgCjEmUvWwqyo7rsVLysIRU=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0k8VG8WvOitov2ANpTNdtMu3WzC7kaooT/BiwdFvPqDxJv/xk3Sg7Y+GHi8N8PMPD/mTGnH+bZKK6tr6xvlTXtre2d3r7J/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7nK/M4DlYpF4l5PY+qFeCRYwAjWRrp7tO1BperUnBxombhzUr38hBzNQeWrP4xIElKhCcdK9Vwn1l6KpWaE05ndTxSNMZngEe0ZKnBIlZfmp87QiVGGKIikKaFRrv6eSHGo1DT0TWeI9Vgtepn4n9dLdHDhpUzEiaaCFIuChCMdoexvNGSSEs2nhmAimbkVkTGWmGiTThaCu/jyMmmf1dx6rX7rVBs3RRpQhiM4hlNw4RwacA1NaAGBETzBC7xa3Hq23qz3orVkzWcO4Q+sjx/GeI5D</latexit>z
<latexit sha1_base64="AOpeeVaHI69lj9FNXgQtAUCg2SU=">AAAB63icbVC7TgJBFL3rE/GFWtpMJCZWZJcCLUlstIPEBRJYyewwwISZ2c3MrAnZ0PgBNhYaY2vvT/gDdn6Gf+AsUCh4kpucnHNv7r0njDnTxnW/nJXVtfWNzdxWfntnd2+/cHDY0FGiCPVJxCPVCrGmnEnqG2Y4bcWKYhFy2gxHl5nfvKNKs0jemHFMA4EHkvUZwSaT6rflfLdQdEvuFGiZeHNSrBa/P+7990qtW/js9CKSCCoN4VjrtufGJkixMoxwOsl3Ek1jTEZ4QNuWSiyoDtLprRN0apUe6kfKljRoqv6eSLHQeixC2ymwGepFLxP/89qJ6V8EKZNxYqgks0X9hCMToexx1GOKEsPHlmCimL0VkSFWmBgbTxaCt/jyMmmUS16lVKnbNK5hhhwcwwmcgQfnUIUrqIEPBIbwAE/w7Ajn0XlxXmetK8585gj+wHn7ATM3kXE=</latexit>

Q2

<latexit sha1_base64="EVyDu/ZhxEcmQKYeGISRAqyUsTY="></latexit>

!a(Q
2, q2) = exp

)︄
→

[︄

c

]︄ Q2

q2

dµ2

µ2

]︄
dz

ωs

2ε
Pa→c(z)

⌊︄

Next branching scale

Daughter parton’s 
momentum fractions

D. Neill, F. Ringer and N. Sato, JHEP 07 (2021)
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<latexit sha1_base64="y+2R0nfo1LBYxSZ50kXHY2GBJlY="></latexit> )︄ z
ω P (z→) dz→

)︄ 1↑ω
ω P (z→) dz→

<latexit sha1_base64="omKhbaxml4EG3sFBWUf1308jq8Y=">AAAB+HicbVBNTwIxEO3iF+IHqx69NBITT2TXGPRI9OIRjHwksCHdUqCh227aWQ1u+CVePGiMV3+KN/+NBfag4EsmeXlvJjPzwlhwA5737eTW1jc2t/LbhZ3dvf2ie3DYNCrRlDWoEkq3Q2KY4JI1gINg7VgzEoWCtcLxzcxvPTBtuJL3MIlZEJGh5ANOCVip5xbrXc2HIyBaq0dcv+u5Ja/szYFXiZ+REspQ67lf3b6iScQkUEGM6fheDEFKNHAq2LTQTQyLCR2TIetYKknETJDOD5/iU6v08UBpWxLwXP09kZLImEkU2s6IwMgsezPxP6+TwOAqSLmME2CSLhYNEoFB4VkKuM81oyAmlhCqub0V0xHRhILNqmBD8JdfXiXN87JfKVfqF6XqdRZHHh2jE3SGfHSJqugW1VADUZSgZ/SK3pwn58V5dz4WrTknmzlCf+B8/gCHWZMF</latexit>

Q → QR

Shower Cutoff:             or 
<latexit sha1_base64="OeLgErt+WxtnZ5haI2MxDA7CSz8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDoNgFe5EooVF0MYygvnA5Ah7m0myZG/32N0T4pF/YWOhiK3/xs5/4ya5QhMfDDzem2FmXhhzpo3nfTu5ldW19Y38ZmFre2d3r7h/0NAyURTrVHKpWiHRyJnAumGGYytWSKKQYzMc3Uz95iMqzaS4N+MYg4gMBOszSoyVHp6uOhhrxqXoFkte2ZvBXSZ+RkqQodYtfnV6kiYRCkM50brte7EJUqIMoxwnhU6iMSZ0RAbYtlSQCHWQzi6euCdW6bl9qWwJ487U3xMpibQeR6HtjIgZ6kVvKv7ntRPTvwxSJuLEoKDzRf2Eu0a60/fdHlNIDR9bQqhi9laXDoki1NiQCjYEf/HlZdI4K/uVcuXuvFS9zuLIwxEcwyn4cAFVuIUa1IGCgGd4hTdHOy/Ou/Mxb8052cwh/IHz+QO0WpD1</latexit>

z < ω
<latexit sha1_base64="QOisFQ/+M1sLkhS6w394ZvFw9C8=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl2QaGERtLFMwHxIcgl7m71kye7esbsnhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvCDmTBvX/XbW1jc2t7ZzO/ndvf2Dw8LRcVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw381tPVGkWyQcziakv8FCykBFsrPRY75Vv6n23V+4Xim7JnQOtEi8jRchQ6xe+uoOIJIJKQzjWuuO5sfFTrAwjnE7z3UTTGJMxHtKOpRILqv10fvAUnVtlgMJI2ZIGzdXfEykWWk9EYDsFNiO97M3E/7xOYsJrP2UyTgyVZLEoTDgyEZp9jwZMUWL4xBJMFLO3IjLCChNjM8rbELzll1dJs1zyKqVK/bJYvc3iyMEpnMEFeHAFVbiHGjSAgIBneIU3RzkvzrvzsWhdc7KZE/gD5/MHQ9OPbA==</latexit>

Q2 < Q2
0

Each parton has: 
<latexit sha1_base64="NA/j7DUBFd67SosCRGBPUMO18i4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQoZREpLosunFZwT6gDWUynTRDJw9mboQY6q+4caGIWz/EnX/jtM1CWw9c7uGce5k7x40FV2BZ30ZhbX1jc6u4XdrZ3ds/MA+POipKJGVtGolI9lyimOAhawMHwXqxZCRwBeu6k5uZ331gUvEovIc0Zk5AxiH3OCWgpaFZrnq1xxoegM+A6B77/GxoVqy6NQdeJXZOKihHa2h+DUYRTQIWAhVEqb5txeBkRAKngk1Lg0SxmNAJGbO+piEJmHKy+fFTfKqVEfYiqSsEPFd/b2QkUCoNXD0ZEPDVsjcT//P6CXhXTsbDOAEW0sVDXiIwRHiWBB5xySiIVBNCJde3YuoTSSjovEo6BHv5y6ukc163G/XG3UWleZ3HUUTH6ARVkY0uURPdohZqI4pS9Ixe0ZvxZLwY78bHYrRg5Dtl9AfG5w+Yb5N4</latexit>

(f, z, ω,ε)



Polarized Parton Shower

• DGLAP Equation

<latexit sha1_base64="2WD7nhddZr9QADMAR2gbNxhyZuQ="></latexit>

!Pq→q(z) = CF
1 + z2

1→ z
, > 0,

!Pg→q(z) = CF (2→ z), > 0,

!Pq→g(z) = TR(2z → 1), changes sign at z =
1

2
,

!Pg→g(z) = 2CA

[
1

1→ z
→ 2z + 1

]
, > 0

• Two possible solutions
Use weights

Use definite helicity kernels

D. de Florian, M. Stratmann and W. 
Vogelsang, Phys. Rev. D 57 (1998)
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<latexit sha1_base64="qvANamdcPIdQs2el5uQ/vkLBqok="></latexit>

d

d lnQ2

)︄
!D!(x,Q2)

!Dg(x,Q2)

[︄
=

ωs(Q2)

2ε

)︄
!P (T )

qq 2Nf !P (T )
gq

!P (T )
qg !P (T )

gg

[︄
→

)︄
!D!(x,Q2)

!Dg(x,Q2)

[︄



Polarized Parton Shower  — using weights

• Use a proposal kernel that is positive, 
<latexit sha1_base64="Us9AeoynXxzMmN5O49Vm5LbtcaA=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EPXjERB4JbMjsMAsTZh/O9JIg8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd9y65RIpqRSezsbtXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThDipQBQaP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QPTO5GA</latexit>

|!P (z)|

• Sample    from              & generate a branching 
<latexit sha1_base64="Us9AeoynXxzMmN5O49Vm5LbtcaA=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEzwQnaNQY9EPXjERB4JbMjsMAsTZh/O9JIg8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdnKbu/s7u3nDg5rOkoU41UWyUg1PKq5FCGvokDJG7HiNPAkr3v9m6lfH3ClRRQ+4DDmbkC7ofAFo2gkd9y65RIpqRSezsbtXN4u2jOQZeKkJA8pKu3cV6sTsSTgITJJtW 46dozuiCoUTPJJtpVoHlPWp13eNDSkAdfuaHb0hJwapUP8SJkKkczU3xMjGmg9DDzTGVDs6UVvKv7nNRP0r9yRCOMEecjmi/xEEozINAHSEYozlENDKFPC3EpYjyrK0OSUNSE4iy8vk9p50SkVS/cX+fJ1GkcGjuEECuDAJZThDipQBQaP8Ayv8GYNrBfr3fqYt65Y6cwR/IH1+QPTO5GA</latexit>

|!P (z)|<latexit sha1_base64="oSACpkv7eovbm/DnHzFWzinHYMQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dbMLuRKil/8CLB0W8+o+8+W/ctDlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRTea3Hrk2IlYPOE64H9GBEqFgFK10/1TslcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6E6pRMMmnxW5qeELZiA54x1JFI278yezSKTm1Sp+EsbalkMzU3xMTGhkzjgLbGVEcmkUvE//zOimGV/5EqCRFrth8UZhKgjHJ3iZ9oTlDObaEMi3srYQNqaYMbThZCN7iy8ukeV7xqpXq3UW5dp3HUYBjOIEz8OASanALdWgAgxCe4RXenJHz4rw7H/PWFSefOYI/cD5/ACFojR0=</latexit>z
<latexit sha1_base64="sJ266qnEw523Tg/sKPW9V5VJ5Q8=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRZBEMquSPVY8KK3CvYD2qXMptk2NJssSbZSlv4TLx4U8eo/8ea/MW33oK0PBh7vzTAzL0w408bzvp3C2vrG5lZxu7Szu7d/4B4eNbVMFaENIrlU7RA05UzQhmGG03aiKMQhp61wdDvzW2OqNJPi0UwSGsQwECxiBIyVeq4LXcUGQwNKySccXpCeW/Yq3hx4lfg5KaMc9Z771e1LksZUGMJB647vJSbIQBlGOJ2WuqmmCZARDGjHUgEx1UE2v3yKz6zSx5FUtoTBc/X3RAax1pM4tJ0xmKFe9mbif14nNdFNkDGRpIYKslgUpRwbiWcx4D5TlBg+sQSIYvZWTIaggBgbVsmG4C+/vEqalxW/Wqk+XJVr93kcRXSCTtE58tE1qqE7VEcNRNAYPaNX9OZkzovz7nwsWgtOPnOM/sD5/AFCOpNz</latexit>

a → b+ c

• Assign weights such that, 
<latexit sha1_base64="j2vfRHbAnA+Enn4GEgciFHHXVvE=">AAACA3icbVBNS8NAEN34WetX1JteFovgqSQi1YtQ8KK3Cv2CNpTNdtMu3WTD7kQpIeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZub5seAaHOfbWlpeWV1bL2wUN7e2d3btvf2mlomirEGlkKrtE80Ej1gDOAjWjhUjoS9Yyx9dT/zWPVOay6gO45h5IRlEPOCUgJF69uHDFe4GitC0TtSAQZbWlIylJiLr2SWn7EyBF4mbkxLKUevZX92+pEnIIqCCaN1xnRi8lCjgVLCs2E00iwkdkQHrGBqRkGkvnf6Q4ROj9HEglakI8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw6aU8ihNgEZ0tChKBQeJJILjPFaMgxoYQqri5FdMhMYmAia1oQnDnX14kzbOyWylX7s5L1ds8jgI6QsfoFLnoAlXRDaqhBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPntuYNA==</latexit>

w =
Target

Proposal

 <latexit sha1_base64="H9nb7Mssa2bk2ywzYkVsMkbDJwQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4 U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+7ujRA=</latexit>z sampling weights: 

and
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<latexit sha1_base64="D6fjh8laDzapFkTvABubsrIXrBw="></latexit>

wb = wa
!Pb→a(z)

|!Pb→a(z)|

<latexit sha1_base64="18S0LMR0yeODmUtTzvTF53Ms5Jw="></latexit>

wc = wa
!Pc→a(1→ z)

|!Pc→a(1→ z)|



Polarized Parton Shower  — using weights

• The weights are multiplied along each branch

• Each parton has: 

• Fill the histogram bins as: 

<latexit sha1_base64="RhBfcmMBbLAHzLcLx3F4dBUHbPE="></latexit>

Bin content =
1

Nevents

)︄

i→bin

wfinal
i

9

<latexit sha1_base64="BPC3Q1WUoEgGT8cX5kxP0/PAevI=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahQimJSPVY9OKxgv2ANpTNdtMu3Wzi7kapoX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zM82POlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o+up33qgUrFI3OlxTL0QDwQLGMHaSO1SUH4qo8fTnl10Ks4MaJm4GSlChnrP/ur2I5KEVGjCsVId14m1l2KpGeF0UugmisaYjPCAdgwVOKTKS2f3TtCJUfooiKQpodFM/T2R4lCpceibzhDroVr0puJ/XifRwaWXMhEnmgoyXxQkHOkITZ9HfSYp0XxsCCaSmVsRGWKJiTYRFUwI7uLLy6R5VnGrlertebF2lcWRhyM4hhK4cAE1uIE6NIAAh2d4hTfr3nqx3q2PeWvOymYO4Q+szx92iI71</latexit>

(f, z, w)



Polarized Parton Shower  — using weights
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Polarized Parton Shower  — using weights

Could be 
extended to NLL!
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Polarized Parton Shower  — fixed helicity

• Decompose polarized kernel into ordinary helicity kernels

Define,
<latexit sha1_base64="GMT1+mELRaVtvpbeRp5I96tAG0w=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBEEoSRFqhuhoAvdRbAPaGKZTCft0MmDmRuhhOzc+CtuXCji1l9w5984fSy09cCFwzn3cu89fiK4Asv6NhYWl5ZXVgtrxfWNza1tc2e3oeJUUlansYhlyyeKCR6xOnAQrJVIRkJfsKY/uBz5zQcmFY+jOxgmzAtJL+IBpwS01DEPnPtMkZDlF9gNJKGZc+JeMQEEO3lWyTtmySpbY+B5Yk9JCU3hdMwvtxvTNGQRUEGUattWAl5GJHAqWF50U8USQgekx9qaRnq18rLxHzk+0koXB7HUFQEeq78nMhIqNQx93RkS6KtZbyT+57VTCM69jEdJCiyik0VBKjDEeBQK7nLJKIihJoRKrm/FtE90HKCjK+oQ7NmX50mjUrar5ertaal2M42jgPbRITpGNjpDNXSNHFRHFD2iZ/SK3own48V4Nz4mrQvGdGYP/YHx+QMcX5jd</latexit>

P same =
P +!P

2
and

<latexit sha1_base64="7ZR7bbKXzn0ncW3cngceYswz+YA=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWJIi1Y1Q0IXuItgHNLFMpjft0MmDmYlQQnZu/BU3LhRx6y+482+cPhbaeuDC4Zx7ufceP+FMKsv6NhYWl5ZXVgtrxfWNza1tc2e3IeNUUKjTmMei5RMJnEVQV0xxaCUCSOhzaPqDy5HffAAhWRzdqWECXkh6EQsYJUpLHfPAuc8CzpL8AruBIDRzTtwr4IpgJ88qeccsWWVrDDxP7CkpoSmcjvnldmOahhApyomUbdtKlJcRoRjlkBfdVEJC6ID0oK1pREKQXjb+I8dHWuniIBa6IoXH6u+JjIRSDkNfd4ZE9eWsNxL/89qpCs69jEVJqiCik0VByrGK8SgU3GUCqOJDTQgVTN+KaZ/oOJSOrqhDsGdfnieNStmulqu3p6XazTSOAtpHh+gY2egM1dA1clAdUfSIntErejOejBfj3fiYtC4Y05k99AfG5w8ncZjk</latexit>

P flip =
P →!P

2

Or,
<latexit sha1_base64="hZctFiaSBKEve8RexAe334S36DA=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWQRBKIlLdCAU3uotgL9DGMplO2qGTCzMTocQsfBU3LhRx62u4822ctFlo6w8DH/85h3Pm92LOpLKsb2NhcWl5ZbW0Vl7f2NzaNnd2mzJKBKENEvFItD0sKWchbSimOG3HguLA47Tlja7yeuuBCsmi8E6NY+oGeBAynxGstNUz951L5NynEgc0Qyc5+pzFWc+sWFVrIjQPdgEVKOT0zK9uPyJJQENFOJayY1uxclMsFCOcZuVuImmMyQgPaEdjqPdJN53cn6Ej7fSRHwn9QoUm7u+JFAdSjgNPdwZYDeVsLTf/q3US5V+4KQvjRNGQTBf5CUcqQnkYqM8EJYqPNWAimL4VkSEWmCgdWVmHYM9+eR6ap1W7Vq3dnlXqN0UcJTiAQzgGG86hDtfgQAMIPMIzvMKb8WS8GO/Gx7R1wShm9uCPjM8fsb6VTg==</latexit>

P = P same + P flip and
<latexit sha1_base64="or3aZLzXK4VVbTpF2TVSN4haGjs=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuLEkItWNUNCF7iLYC7SxTKaTdujkwsyJUEJWbnwVNy4UceszuPNtnLRdaOsPAx//OYcz5/diwRVY1rdRWFhcWl4prpbW1jc2t8ztnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGa3vAyrzcfmFQ8Cu9gFDM3IP2Q+5wS0FbX3O9cMQEEOxfYuU8VCViGj3P0BY+zrlm2KtZYeB7sKZTRVE7X/Or0IpoELAQqiFJt24rBTYkETgXLSp1EsZjQIemztsZQ71NuOj4jw4fa6WE/kvqFgMfu74mUBEqNAk93BgQGaraWm//V2gn4527KwzgBFtLJIj8RGCKcZ4J7XDIKYqSBUMn1XzEdEEko6ORKOgR79uR5aJxU7Gqlentart1M4yiiPXSAjpCNzlANXSMH1RFFj+gZvaI348l4Md6Nj0lrwZjO7KI/Mj5/AJiBl/w=</latexit>

!P = P same → P flip

• For one flavor channel, we can evolve the helicities separately,

For               flavors, we have               components.
<latexit sha1_base64="Ad0l1r1GA5wLuBrXVGjlAVNi2pk=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFQQi7OUSPQS+eJIJ5QBLC7GQ2GTM7s8zMBsKSf/DiQRGv/oE/4B9480P07ORx0GhBQ1HVTXeXH3Gmjet+OKml5ZXVtfR6JruxubWd29mtaRkrQqtEcqkaPtaUM0GrhhlOG5GiOPQ5rfuDi4lfH1KlmRQ3ZhTRdoh7ggWMYGOlWvGqE5x4nVzeLbhToL/Em5N8+fDz9W2Y/ap0cu+triRxSIUhHGvd9NzItBOsDCOcjjOtWNMIkwHu0aalAodUt5PptWN0ZJUuCqSyJQyaqj8nEhxqPQp92xli09eL3kT8z2vGJjhrJ0xEsaGCzBYFMUdGosnrqMsUJYaPLMFEMXsrIn2sMDE2oIwNwVt8+S+pFQteqVC6tmmcwwxp2IcDOAYPTqEMl1CBKhC4hTt4gEdHOvfOk/M8a00585k9+AXn5RsqupKn</latexit>

2Nf + 1
<latexit sha1_base64="CwmR/zmGwz8H/n81JznwuYc4kHs=">AAAB7XicbVDLSgNBEOyNr5j4iHr0MhgFQQi7QaLHoBdPEsE8IFnC7GQ2GTM7u8zMBsKSf/DiQRGv/oE/4B9480P07ORx0MSChqKqm+4uL+JMadv+tFJLyyura+n1THZjc2s7t7NbU2EsCa2SkIey4WFFORO0qpnmtBFJigOP07rXvxz79QGVioXiVg8j6ga4K5jPCNZGqp1et/2TYjuXtwv2BGiRODOSLx9+vb0Pst+Vdu6j1QlJHFChCcdKNR070m6CpWaE01GmFSsaYdLHXdo0VOCAKjeZXDtCR0bpID+UpoRGE/X3RIIDpYaBZzoDrHtq3huL/3nNWPvnbsJEFGsqyHSRH3OkQzR+HXWYpETzoSGYSGZuRaSHJSbaBJQxITjzLy+SWrHglAqlG5PGBUyRhn04gGNw4AzKcAUVqAKBO7iHR3iyQuvBerZepq0pazazB39gvf4AL1CSqg==</latexit>

4Nf + 2

<latexit sha1_base64="6IthH0ZYkgQGz6PdHj1V9Qz6UQI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WNRDx4r2A9o15JNs21okg1JVihLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqLasEQ+2LGiocADyWJGsHVS67aHH7tK9Eplv+LPgJZJkJMy5Kj3Sl/dfkJSQaUlHBvTCXxlwwxrywink2I3NVRhMsID2nFUYkFNmM3OnaBTp/RRnGhX0qKZ+nsiw8KYsYhcp8B2aBa9qfif10ltfBVmTKrUUknmi+KUI5ug6e+ozzQllo8dwUQzdysiQ6wxsS6hogshWHx5mTTPK0G1Ur2/KNeu8zgKcAwncAYBXEIN7qAODSAwgmd4hTdPeS/eu/cxb13x8pkj+APv8wcL0Y9m</latexit>

D±
a : counts final partons of 

flavor a with     helicity 
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<latexit sha1_base64="LmVHuy2315WM2W0IzNic0OtpB+g=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD71E9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfVr1dr9ZaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBZX43c</latexit>±

<latexit sha1_base64="HefeGLW0l1KelemE4Vcxrv+8MVM="></latexit>

d

d lnQ2

)︄
D+

a (x,Q
2)

D→
a (x,Q

2)

[︄
=

ωs(Q2)

2ε

)︄
P same P flip

P flip P same

[︄
→

)︄
D+

a (x,Q
2)

D→
a (x,Q

2)

[︄



Polarized Parton Shower  — fixed helicity

<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→ The sum evolves with 

<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→ The difference evolves with 

<latexit sha1_base64="19TvtTXOWx5/HK3BaESXeQUSS2g=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFN7prwT6gHSST3mljM5khyQhl6Be4caGIWz/JnX9j2s5CWw8EDuecS+49QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATjm5nfeUKleSzvzSRBP6JDyUPOqLFSs/FQrrhVdw6ySrycVCCHzX/1BzFLI5SGCap1z3MT42dUGc4ETkv9VGNC2ZgOsWeppBFqP5svOiVnVhmQMFb2SUPm6u+JjEZaT6LAJiNqRnrZm4n/eb3UhNd+xmWSGpRs8VGYCmJiMruaDLhCZsTEEsoUt7sSNqKKMmO7KdkSvOWTV0n7ourVqrXmZaV+l9dRhBM4hXPw4ArqcAsNaAEDhGd4hTfn0Xlx3p2PRbTg5DPH8AfO5w+vRozm</latexit>

P

<latexit sha1_base64="MtLEOanFpoy80PF28/j3vOg4YTQ=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFXeiugn1AO0gmvdOGZjJjkhHK0J9w40IRt/6OO//GtJ2Fth4IHM45l9x7gkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A5GV1O//YRK81jem3GCfkQHkoecUWOlTu8ahaGk8VCuuFV3BrJMvJxUIIfNf/X6MUsjlIYJqnXXcxPjZ1QZzgROSr1UY0LZiA6wa6mkEWo/m+07ISdW6ZMwVvZJQ2bq74mMRlqPo8AmI2qGetGbiv953dSEl37GZZIalGz+UZgKYmIyPZ70uUJmxNgSyhS3uxI2pIoyYysq2RK8xZOXSeus6tWqtbvzSv02r6MIR3AMp+DBBdThBhrQBAYCnuEV3pxH58V5dz7m0YKTzxzCHzifP16Sj5I=</latexit>

!P
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<latexit sha1_base64="gt1cZ4l0q1pFWq8uXUp3Jqztuds="></latexit>

d

d lnQ2

)︄
D+

a +D→
a

[︄
]︄ ⌊︄⌋︄ ⌈︄

=Da

=
ωs

2ε
P →

)︄
D+

a +D→
a

[︄

<latexit sha1_base64="DgEWsjGu7ND+vtjU+veK6aal5T8="></latexit>

d

d lnQ2

)︄
D+

a →D→
a

[︄
]︄ ⌊︄⌋︄ ⌈︄

=!Da

=
ωs

2ε
!P ↑

)︄
D+

a →D→
a

[︄

<latexit sha1_base64="C1niv2SfVJuwaRnGXMbuANPWJ8Y=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxCBSmJSHVZsAvdVbAXaEOYTCft0MkkzJwUSuibuHGhiFvfxJ1v47TNQlt/GPj4zzmcM3+QCK7Bcb6ttfWNza3twk5xd2//4NA+Om7pOFWUNWksYtUJiGaCS9YEDoJ1EsVIFAjWDkZ3s3p7zJTmsXyCScK8iAwkDzklYCzftst1n1z26kwAwQYvfLvkVJy58Cq4OZRQroZvf/X6MU0jJoEKonXXdRLwMqKAU8GmxV6qWULoiAxY16AkEdNeNr98is+N08dhrMyTgOfu74mMRFpPosB0RgSGerk2M/+rdVMIb72MyyQFJuliUZgKDDGexYD7XDEKYmKAUMXNrZgOiSIUTFhFE4K7/OVVaF1V3Gql+nhdqj3kcRTQKTpDZeSiG1RD96iBmoiiMXpGr+jNyqwX6936WLSuWfnMCfoj6/MHcT2SSA==</latexit>

(Da,!Da)
<latexit sha1_base64="LAf1xJhv+RG1hpyfHuRNRDV2Tt4=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBahItZEpHoseNFbBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8fNFWcSkI9EvNYtgOsKGeCepppTtuJpDgKOG0Fo9up33qiUrFYPOpxQv0IDwQLGcHaSF7l7OL8tGeXnaozA1ombk7KkKPRs7+6/ZikERWacKxUx3US7WdYakY4nZS6qaIJJiM8oB1DBY6o8rPZsRN0YpQ+CmNpSmg0U39PZDhSahwFpjPCeqgWvan4n9dJdXjjZ0wkqaaCzBeFKUc6RtPPUZ9JSjQfG4KJZOZWRIZYYqJNPiUTgrv48jJpXlbdWrX2cFWu3+dxFOEIjqECLlxDHe6gAR4QYPAMr/BmCevFerc+5q0FK585hD+wPn8AEsyNlg==</latexit>

(+/→)The                 basis diagonalizes the evolution, while the           basis generates 
definite helicity histories.



Polarized Parton Shower  — fixed helicity

• Every parton has: 
<latexit sha1_base64="x4z2Y/hKET3SoKeEMTUqgpBlgpQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJUKGVXpHoRCl70VsF+QLuUbJptQ5PsmmQLtfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUHMmTau++2srK6tb2xmtrLbO7t7+7mDw7qOEkVojUQ8Us0Aa8qZpDXDDKfNWFEsAk4bweBm6jeGVGkWyQcziqkvcE+ykBFsrOQXwuJTsX/djgXyzjq5vFtyZ0DLxEtJHlJUO7mvdjciiaDSEI61bnlubPwxVoYRTifZdqJpjMkA92jLUokF1f54dvQEnVqli8JI2ZIGzdTfE2MstB6JwHYKbPp60ZuK/3mtxIRX/pjJODFUkvmiMOHIRGiaAOoyRYnhI0swUczeikgfK0yMzSlrQ/AWX14m9fOSVy6V7y/ylbs0jgwcwwkUwINLqMAtVKEGBB7hGV7hzRk6L8678zFvXXHSmSP4A+fzB6uxkMY=</latexit>

(f, z, h = ±1)

• Use          for sampling    
<latexit sha1_base64="Q73FZpCUv6tDhzDnfgC7bKBw7ZA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY8KK3CvYD2qVk02wbmmSXJCvUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNIPphpTH2BR5KFjGCTSc3q0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/ZTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9fq95eVxl0eRxFO4BSq4MEVNOAWmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/U3yNzw==</latexit>

P (z) <latexit sha1_base64="H9nb7Mssa2bk2ywzYkVsMkbDJwQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3pLwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+7ujRA=</latexit>z

• Assign daughter helicity using,

<latexit sha1_base64="Q5tzWps9YgbeJIDpHtQFnFsGJAI=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoICURUTeC4EZ3EWwtNLFMppN26OTBzI1YY37Ejb/ixoUiLtyIf+OkdqHVA3c4nHMvd+7xE8EVWNanUZqanpmdK89XFhaXllfM1bWmilNJWYPGIpYtnygmeMQawEGwViIZCX3BLv3BSeFfXjOpeBxdwDBhXkh6EQ84JaCljrnnAruBzJGxn9cUCRl28Z2u2+0j7AaS0My5ygo9r91u55lTvDsds2rVrRHwX2KPSRWN4XTMd7cb0zRkEVBBlGrbVgJeRiRwKlhecVPFEkIHpMfamkZ6n/Ky0XU53tJKFwex1BUBHqk/JzISKjUMfd0ZEuirSa8Q//PaKQSHXsajJAUW0e9FQSowxLiICne5ZBTEUBNCJdd/xbRPdCagA63oEOzJk/+S5m7d3q/vn+9Vj8/GcZTRBtpENWSjA3SMTpGDGoiie/SIntGL8WA8Ga/G23dryRjPrKNfMD6+APFOoTk=</latexit>

Prob(same | z) = P same(z)

P (z)
,

P fixes the total branching rate. ∆P fixes the helicity asymmetry within that rate.
Interpretation

<latexit sha1_base64="hbI55dQBSKmgfL+3tJfo2oXh6Us=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoICURUTeC4EZ3EWwtNLFMppN26OTBzI1YY37Ejb/ixoUiLtyIf+OkdqHVA3c4nHMvd+7xE8EVWNanUZqanpmdK89XFhaXllfM1bWmilNJWYPGIpYtnygmeMQawEGwViIZCX3BLv3BSeFfXjOpeBxdwDBhXkh6EQ84JaCljrnnAruBzJGxn9cCwRPs4jtdt9tH2A0koZlzlRV6XrvdzjOneHc6ZtWqWyPgv8Qekyoaw+mY7243pmnIIqCCKNW2rQS8jEjgVLC84qaKJYQOSI+1NY1IyJSXja7L8ZZWujiIpa4I8Ej9OZGRUKlh6OvOkEBfTXqF+J/XTiE49DIeJSmwiH4vClKBIcZFVLjLJaMghpoQKrn+K6Z9ojMBHWhFh2BPnvyXNHfr9n59/3yvenw2jqOMNtAmqiEbHaBjdIoc1EAU3aNH9IxejAfjyXg13r5bS8Z4Zh39gvHxBQFLoUM=</latexit>

Prob(flip | z) = P flip(z)

P (z)
,
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Polarized Parton Shower  — fixed helicity

• Fill histogram bins as, 

<latexit sha1_base64="zo7Xy67Nwgws9fxzATdIslBWx+E=">AAACHHicbVDLTgJBEJzFN75Qj14mEhOMSnbVqEd8HDxqImLCIpkdGpgw+3CmV4UNH+LFX/HiQWO8eDDxbxyQg4qVTFJd1Z2eLi+SQqNtf1qpkdGx8YnJqfT0zOzcfGZh8UKHseJQ5KEM1aXHNEgRQBEFSriMFDDfk1DyWkc9v3QDSoswOMd2BBWfNQJRF5yhkaqZbRfhDpMD3aUuTdOOq0SjiUyp8JbaG0Y7vlrPddZcLXy4NsWmKaqZrJ23+6DDxBmQLBngtJp5d2shj30IkEumddmxI6wkTKHgErppN9YQMd5iDSgbGjAfdCXpH9elq0ap0XqozAuQ9tWfEwnztW77nun0GTb1X68n/ueVY6zvVxIRRDFCwL8X1WNJMaS9pGhNKOAo24YwroT5K+VNphhHk2fahOD8PXmYXGzlnd387tlOtnA4iGOSLJMVkiMO2SMFckJOSZFwck8eyTN5sR6sJ+vVevtuTVmDmSXyC9bHF8pCn0s=</latexit>

As z → 0, D+(z) ↑ D→(z)
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<latexit sha1_base64="KVeVU46peZCDMWovbDkKAjlxfZk="></latexit>

!Dexplicit
bin =

1

Nevents

)︄

i→bin

hi,



Polarized Parton Shower  — fixed helicity
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Polarized Parton Shower  — fixed helicity (probabilities)

<latexit sha1_base64="I2mi9nm4DrjKg5j8712oyovDTY0=">AAACDXicbVC5TgMxEPVyhnAFKGksAlIoiHYRAsoIGsogkUPKhsjrzAYL74E9iwhLfoCGX6GhACFaejr+BucoIOFJIz29N6OZeV4shUbb/rampmdm5+YzC9nFpeWV1dzaelVHieJQ4ZGMVN1jGqQIoYICJdRjBSzwJNS869O+X7sFpUUUXmA3hmbAOqHwBWdopFZuO75M93ou3CTilroId5iWVeT1Cr4UsUsfqEvvd1u5vF20B6CTxBmRPBmh3Mp9ue2IJwGEyCXTuuHYMTZTplBwCb2sm2iIGb9mHWgYGrIAdDMdfNOjO0ZpUz9SpkKkA/X3RMoCrbuBZzoDhld63OuL/3mNBP3jZirCOEEI+XCRn0iKEe1HQ9tCAUfZNYRxJcytlF8xxTiaALMmBGf85UlS3S86h8XD84N86WQUR4Zski1SIA45IiVyRsqkQjh5JM/klbxZT9aL9W59DFunrNHMBvkD6/MH4TubbQ==</latexit>

p→ → Prob(flip | z)
<latexit sha1_base64="mykcEqnHVy10Mleeke0xRFMK4zw=">AAACDXicbVDJSgNBEO1xjXGLevTSGIWIEGZE1GPQi8cIZoFMDD2dStKkZ7G7Rozj/IAXf8WLB0W8evfm39hZDm4PCh7vVVFVz4uk0Gjbn9bU9Mzs3HxmIbu4tLyymltbr+owVhwqPJShqntMgxQBVFCghHqkgPmehJrXPx36tWtQWoTBBQ4iaPqsG4iO4AyN1MptR5fJXurCVSyuqYtwg0lZhV5a0MwHl95Rl97utnJ5u2iPQP8SZ0LyZIJyK/fhtkMe+xAgl0zrhmNH2EyYQsElpFk31hAx3mddaBgamF26mYy+SemOUdq0EypTAdKR+n0iYb7WA98znT7Dnv7tDcX/vEaMneNmIoIoRgj4eFEnlhRDOoyGtoUCjnJgCONKmFsp7zHFOJoAsyYE5/fLf0l1v+gcFg/PD/Klk0kcGbJJtkiBOOSIlMgZKZMK4eSePJJn8mI9WE/Wq/U2bp2yJjMb5Aes9y/WTJtm</latexit>

p+ → Prob(same | z) and

<latexit sha1_base64="uzJ9l9YdNPHmZPEESz+RUfNdodg="></latexit>)︄
p+b
p→b

[︄
=

1

Pb↑a(z)

)︄
P same
b↑a (z) P flip

b↑a(z)
P flip
b↑a(z) P same

b↑a (z)

[︄)︄
p+a
p→a

[︄
.

<latexit sha1_base64="Qw8giph7NBLJWLzImgwsw6sJxso="></latexit>

!Dprob
bin =

1

Nevents

)︄

i→bin

[︄
p+i → p↑i

]︄
.

Explicit: 
<latexit sha1_base64="Wdk9blxpDWtX/Fq+zTN30DTdeeg=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKihl0R9SKIXjwqGBWyMfTOTpIh82JmVg1LvsOLv+LFgyLexIt/4yTm4Kugoajqprsr0ZxZF4YfwdDwyOjY+MRkYWp6ZnauOL9wblVmCK0QxZW5TMBSziStOOY4vdSGgkg4vUjaRz3/4poay5Q8cx1NawKakjUYAeelejFa1VfrG1hfba7FOL41rNlyYIy6yQ3IVIkY49TATRfHuLUfa4GjerEUlsM+8F8SDUgJDXBSL77FqSKZoNIRDtZWo1C7Wg7GMcJptxBnlmogbWjSqqcSBLW1vP9aF694JcUNZXxJh/vq94kchLUdkfhOAa5lf3s98T+vmrnGXi1nUmeOSvK1qJFx7BTu5YRTZihxvOMJEMP8rZi0wABxPs2CDyH6/fJfcr5VjnbKO6fbpYPDQRwTaAkto1UUoV10gI7RCaoggu7QA3pCz8F98Bi8BK9frUPBYGYR/UDw/gmI7p9Y</latexit>

(p+, p→)
random draw→→→→→→→→→↑ h = ±1

Probabilities:
<latexit sha1_base64="8mmpVuDZZI6LQvNzOyfQlVMcLAA="></latexit>

(p+, p→)
no helicity draw→→→→→→→→→→→↑ (p+, p→)

<latexit sha1_base64="MdmO9oLZFRq6PzWv/eSS5q0yZKE=">AAACA3icdVDLSsNAFJ34rPEVdaebwSJUiiWpWutCKLpxWcE+oI1lMp20QycPZiZCCQE3/oobF4q49Sfc+TdO0wgqemCYwzn3cu89TsiokKb5oc3Mzs0vLOaW9OWV1bV1Y2OzKYKIY9LAAQt420GCMOqThqSSkXbICfIcRlrO6GLit24JFzTwr+U4JLaHBj51KUZSST1ju9B1CEaRIHp4ExcTWITqP0jOrP2ekTdLx6Z1WjmEZslMkZKqVa5CK1PyIEO9Z7x3+wGOPOJLzJAQHcsMpR0jLilmJNG7akqI8AgNSEdRH3lE2HF6QwL3lNKHbsDV8yVM1e8dMfKEGHuOqvSQHIrf3kT8y+tE0q3aMfXDSBIfTwe5EYMygJNAYJ9ygiUbK4Iwp2pXiIeIIyxVbLoK4etS+D9plktWpVS5OsrXzrM4cmAH7IICsMAJqIFLUAcNgMEdeABP4Fm71x61F+11WjqjZT1b4Ae0t0+JeJYx</latexit>

(↭ p+ + p→ = 1)
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• Propagate helicity probabilities



Polarized Parton Shower  — fixed helicity (probabilities)
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Polarized Parton Shower  — fixed helicity (probabilities)
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Polarized Initial State Parton Shower 

For proton helicity               & parton helicity 
<latexit sha1_base64="r818M1E5Hq3IyMQdNvpUAAJt88U=">AAAB73icbVA9SwNBEJ2LX0n8ilraLAbBKtxZqI0QtEkZwXxgEsLeZi9Zsnu37u6J4cifsBFRxNbK/2Lnr9G9JIUmPhh4vDfDzDxfcqaN6345maXlldW1bC6/vrG5tV3Y2a3rKFaE1kjEI9X0saachbRmmOG0KRXFwue04Q8vU79xR5VmUXhtRpJ2BO6HLGAEGys1K+dtKZCX7xaKbsmdAC0Sb0aK5Zx8uvm4/652C5/tXkRiQUNDONa65bnSdBKsDCOcjvPtWFOJyRD3acvSEAuqO8nk3jE6tEoPBZGyFRo0UX9PJFhoPRK+7RTYDPS8l4r/ea3YBGedhIUyNjQk00VBzJGJUPo86jFFieEjSzBRzN6KyAArTIyNKA3Bm395kdSPS95J6eTKpnEBU2RhHw7gCDw4hTJUoAo1IMDhAZ7hxbl1Hp1X523amnFmM3vwB877D4xOkrw=</latexit>

H = ±1

Define,
<latexit sha1_base64="rqxx73h4bNviig98LfuMJrkfs5E=">AAACA3icbVC7SgNBFJ2Nrxhfq3aKMBgEIRJ2LaJlwCZ2EcwDknWZncwmQ2Zn15nZQFgDNv6DvWBjoYittb2df+Nkk0KjBy6cOede5t7jRYxKZVlfRmZufmFxKbucW1ldW98wN7fqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD6Z2O/MSBC0pBfqmFEnAB1OfUpRkpLrrnjuxReFWCbXMd0ANNXUrBvYGXkmnmraKWAf4k9JfnykfvxcA/3qq752e6EOA4IV5ghKVu2FSknQUJRzMgo144liRDuoy5pacpRQKSTpDeM4IFWOtAPhS6uYKr+nEhQIOUw8HRngFRPznpj8T+vFSv/1Ekoj2JFOJ585McMqhCOA4EdKghWbKgJwoLqXSHuIYGw0rHldAj27Ml/Sf24aJeKpQudxjmYIAt2wT44BDY4AWVQAVVQAxjcgkfwDF6MO+PJeDXeJq0ZYzqzDX7BeP8GsRyZSA==</latexit>

f+
i

→ f+1|H
i

<latexit sha1_base64="ZFypyY7XuY3XkZSwISwDVHfoebc=">AAACA3icbVC7SgNBFJ2Nrxhfq3aKMBgECxN2LaJlwCZ2EcwDknWZncwmQ2Zn15nZQFgDNv6DvWBjoYittb2df+Nkk0KjBy6cOede5t7jRYxKZVlfRmZufmFxKbucW1ldW98wN7fqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD6Z2O/MSBC0pBfqmFEnAB1OfUpRkpLrrnjuxReFWCbXMd0ANNXUrBvYGXkmnmraKWAf4k9JfnykfvxcA/3qq752e6EOA4IV5ghKVu2FSknQUJRzMgo144liRDuoy5pacpRQKSTpDeM4IFWOtAPhS6uYKr+nEhQIOUw8HRngFRPznpj8T+vFSv/1Ekoj2JFOJ585McMqhCOA4EdKghWbKgJwoLqXSHuIYGw0rHldAj27Ml/Sf24aJeKpQudxjmYIAt2wT44BDY4AWVQAVVQAxjcgkfwDF6MO+PJeDXeJq0ZYzqzDX7BeP8Gt16ZTA==</latexit>

f→
i

→ f→1|H
iand

<latexit sha1_base64="F4OSHQuZ8F9Ij/7p0u2Xtox9xqg=">AAAB/nicbZBNS8MwGMfT+TbnW1U8iRAcgjAdrYfpRRh40dsE9wJbLWmWbmFpWpJUGGXgx/AqggdFvPoNvHvz25iuO+jmAwk//v/nIU/+XsSoVJb1beTm5hcWl/LLhZXVtfUNc3OrIcNYYFLHIQtFy0OSMMpJXVHFSCsSBAUeI01vcJH6zTsiJA35jRpGxAlQj1OfYqS05Jo7vkvhOUzv2xIsZXDsmkWrbI0LzoI9gWL1yP18eoB7Ndf86nRDHAeEK8yQlG3bipSTIKEoZmRU6MSSRAgPUI+0NXIUEOkk4/VH8EArXeiHQh+u4Fj9PZGgQMph4OnOAKm+nPZS8T+vHSv/zEkoj2JFOM4e8mMGVQjTLGCXCoIVG2pAWFC9K8R9JBBWOrGCDsGe/vIsNE7KdqVcudZpXIGs8mAX7INDYINTUAWXoAbqAIMEPIIX8GrcG8/Gm/GeteaMycw2+FPGxw+lLJZb</latexit>

fi = f+
i + f→

i

<latexit sha1_base64="PumuB/XYg/Mus0O3KsF99VVn3ak=">AAACCHicbVC7SgNBFJ2Nrxhfq5YiDgYhogm7FtFGCGgRuwjmAclmmZ3MJkNmH8zMCiGktPEL7C1tLBSxtbG382+c3aTQxAOXezjnXmbucUJGhTSMby01N7+wuJRezqysrq1v6JtbNRFEHJMqDljAGw4ShFGfVCWVjDRCTpDnMFJ3+hexX78lXNDAv5GDkFge6vrUpRhJJdn6XuuSMImga1N4Dsu5uLePYD4R2vlDW88aBSMBnCXmhGRLx/bn4wPcrdj6V6sT4MgjvsQMCdE0jVBaQ8QlxYyMMq1IkBDhPuqSpqI+8oiwhskhI3iglA50A67KlzBRf28MkSfEwHPUpIdkT0x7sfif14yke2YNqR9Gkvh4/JAbMSgDGKcCO5QTLNlAEYQ5VX+FuIc4wlJll1EhmNMnz5LaScEsForXKo0rMEYa7IB9kAMmOAUlUAYVUAUY3IEn8AJetXvtWXvT3sejKW2ysw3+QPv4AfizmcA=</latexit>

!fi = H(f+
i → f

→
i )

<latexit sha1_base64="PDxr/jdQM14Ye1WkmgXvSKgFnG8=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe4s1M6AjXYRzAckR9jbzCVLdvfO3T0hHPkTNhaK2PpvxM5/4+aSQhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdD31W4+oNIvlvRknGAgykCxilBgrtbtM2C2oe+WKV/VyuMvEn5PK1SfkqPfKX91+TFOB0lBOtO74XmKCjCjDKMdJqZtqTAgdkQF2LJVEoA6y/N6Je2KVvhvFypY0bq7+nsiI0HosQtspiBnqRW8q/ud1UhNdBhmTSWpQ0tmiKOWuid3p826fKaSGjy0hVDF7q0uHRBFqbEQlG4K/+PIyaZ5V/fPq+Z1Xqd3O0oAiHMExnIIPF1CDG6hDAyhweIIXeHUenGfnzXmftRac+cwh/IHz8QO2O5E2</latexit>

=→ and

We use:
<latexit sha1_base64="7wjQ5xj70SXq85kiAm52BO1uEU8="></latexit>

fi(x,Q
2) = fNNPDF4.0MCLO

i (x,Q2)
<latexit sha1_base64="rR1iKGpO7kq4Au13JaVYz2zoM+Q="></latexit>

!fi(x,Q
2) = !fBDSSV24

i (x,Q2).

J. Cruz-Martinez et al., JHEP 09 (2024)

I. Borsa et al., PRL 133 (2024)

<latexit sha1_base64="IA0vcUlkw7izA1Z8HtG043iaE3g="></latexit>

f
h|H
i

(x,Q2) =
1

2

)︄
fi(x,Q

2) +Hh!fi(x,Q
2)
[︄

<latexit sha1_base64="00Vqn9pMczO6ihpfZLk0Orz+ueM=">AAAB73icbVA9SwNBEJ2LXzF+JdoINotBsAp3FtFGCNhoF8F8QHKEvc0mWbK7d+7uCeHIn7CxUESwUvDPpPPfuJek0MQHA4/3ZpiZF0ScaeO6305mZXVtfSO7mdva3tndyxf26zqMFaE1EvJQNQOsKWeS1gwznDYjRbEIOG0Ew6vUbzxQpVko78woor7Afcl6jGBjpebgsh0J5OU6+aJbcqdAy8Sbk2Kl8Pn+dTjpVDv5SbsbklhQaQjHWrc8NzJ+gpVhhNNxrh1rGmEyxH3aslRiQbWfTO8doxOrdFEvVLakQVP190SChdYjEdhOgc1AL3qp+J/Xik3vwk+YjGJDJZkt6sUcmRClz6MuU5QYPrIEE8XsrYgMsMLE2IjSELzFl5dJ/azklUvlW5vGDcyQhSM4hlPw4BwqcA1VqAEBDo/wDC/OvfPkvDpvs9aMM585gD9wPn4AbtKSpQ==</latexit>

h = ±1
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Polarized Initial State Parton Shower 

The forward contribution from parent                 to child              is,
<latexit sha1_base64="4QKIJmccr1AwK2h7tf9sxyaiSTk=">AAACBXicbVDLSsNAFJ3UV62vqOBGF4NVqFBK4qK6rA9EdxXsA5pQJtNJO3TyYGYi1pBNN/6KGxeKuPUf3Pkp7py0XWj1wIXDOfdy7z1OyKiQhvGpZWZm5+YXsou5peWV1TV9faMugohjUsMBC3jTQYIw6pOapJKRZsgJ8hxGGk7/LPUbt4QLGvg3chAS20Ndn7oUI6mktr5jndJuARVhr42KlssRju+S+D5J5YO2njdKxgjwLzEnJF85udgafp3vVdv6h9UJcOQRX2KGhGiZRijtGHFJMSNJzooECRHuoy5pKeojjwg7Hn2RwH2ldKAbcFW+hCP150SMPCEGnqM6PSR7YtpLxf+8ViTdYzumfhhJ4uPxIjdiUAYwjQR2KCdYsoEiCHOqboW4h1QUUgWXUyGY0y//JfXDklkula9VGldgjCzYBrugAExwBCrgElRBDWAwBI/gGbxoD9qT9qq9jVsz2mRmE/yC9v4N/VGamQ==</latexit>)︄
a, ha,

x

z

[︄
<latexit sha1_base64="1HEfc3+OA3lHsMNyfM6gAEFCKDI=">AAAB8nicbVDLSgMxFM3UV62vqks3wSpUkDLjoros6MJlBfuA6VAyaaYNzSRDckcsQz/DjQtF3Po17vwb02kXWj2QcDjnXu69J0wEN+C6X05hZXVtfaO4Wdra3tndK+8ftI1KNWUtqoTS3ZAYJrhkLeAgWDfRjMShYJ1wfD3zOw9MG67kPUwSFsRkKHnEKQEr+dXwHI/69ns865crbs3Ngf8Sb0EqjZMoR7Nf/uwNFE1jJoEKYozvuQkEGdHAqWDTUi81LCF0TIbMt1SSmJkgy1ee4lOrDHCktH0ScK7+7MhIbMwkDm1lTGBklr2Z+J/npxBdBRmXSQpM0vmgKBUYFJ7djwdcMwpiYgmhmttdMR0RTSjYlEo2BG/55L+kfVHz6rX6nU3jBs1RREfoGFWRhy5RA92iJmohihR6Qi/o1QHn2Xlz3uelBWfRc4h+wfn4Bt4JkqU=</latexit>

(b, hb, x)

<latexit sha1_base64="3XFkcdSGTFd8TgDfoEvqR3lK7Ko="></latexit>

dωhb|H
b

(x) → dε dz Pbhb→aha(z) ω
ha|H
a

(x/z,Q2),

<latexit sha1_base64="Okq5mzm5BVi50bJfnjSzcY0y7to=">AAACA3icbZDLSsNAFIYnVWuNt6g73QwWxVVJXFQ3QkEXXVawF2hjmEwnzdDJhZmJWGLBjS/iwo0Lr1tfwp1v46StoK0/DHz85xzOnN+NGRXSNL+03Nz8Qn6xsKQvr6yurRsbmw0RJRyTOo5YxFsuEoTRkNQllYy0Yk5Q4DLSdPunWb15RbigUXghBzGxA9QLqUcxkspyjO0O9yOHXqb+TXV4cg29H9Z1xyiaJXMkOAvWBIqV/bf8/UtcqznGZ6cb4SQgocQMCdG2zFjaKeKSYkaGeicRJEa4j3qkrTBEARF2OrphCPeU04VexNULJRy5vydSFAgxCFzVGSDpi+laZv5XayfSO7ZTGsaJJCEeL/ISBmUEs0Bgl3KCJRsoQJhT9VeIfcQRliq2LARr+uRZaByWrHKpfK7SOANjFcAO2AUHwAJHoAKqoAbqAINb8ACewLN2pz1qr9r7uDWnTWa2wB9pH9+H0Jpy</latexit>

ωh|H
i

= xfh|H
i

where
Converting forward DGLAP into backward branching probability, 

<latexit sha1_base64="8NZue1VSE1NwPG4foJ6FfwfSWQE="></latexit>

dPH

bhb→aha
= dz Pbhb↑aha(z)

ωha|H
a (x/z,Q2)

ωhb|H
b

(x,Q2)
<latexit sha1_base64="Izp71NeQeBaTBi8SNjsHprIvELo=">AAACIHicbVC7TsNAEDzzJrwMlDQnHhJVZFMECoSQSEEZJJIgxSE6X9bkxJ1t7tZIkcmn0PArNBQgBB18DZdHAQkjnTQ3u6udnTCVwqDnfTlT0zOzc/MLi4Wl5ZXVNXd9o2aSTHOo8kQm+ipkBqSIoYoCJVylGpgKJdTD27N+vX4P2ogkvsRuCk3FbmIRCc7QSi33MMAOaIgSDTS6zoNU9U48GtxlrE0DoawFMKPvAw3KIJHR6OE4ark7XtEbgE4Sf0R2TnejASot9zNoJzxTECOXzJiG76XYzJlGwSX0CkFmIGX8lt1Aw9KYKTDNfHBgj+5ZpU2tSftipAP190TOlDFdFdpOxbBjxmt98b9aI8PoqJmLOM0QYj5cFGWSYkL7adG20MBRdi1hXAvrlfIO04yjzbRgQ/DHT54ktYOiXyqWLmwaZTLEAtki22Sf+OSQnJJzUiFVwskjeSav5M15cl6cd+dj2DrljGY2yR843z/FzqWo</latexit>

↭ f± > 0 =→ |!f | < f
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Polarized Initial State Parton Shower 

Enforcing 
<latexit sha1_base64="n9hgbjoCpSE6Vnc+nkgHl3+GsG4="></latexit>

!f e!

i (x,Q2) = clip
)︄
!fBDSSV24

i (x,Q2),→0.98 fNNPDF4.0MCLO

i (x,Q2),+0.98 fNNPDF4.0MCLO

i (x,Q2)
[︄
.

<latexit sha1_base64="0Zk0SP6EfBA8BUpsMxJusbje9so=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRUFiQFXCUBgYKtGBsUj0IbVR5Lg3rVXnIdtBVGl/hYUBhFj5ETb+BiftAC1HuldH59wrXx8v5kwqy/o2CmvrG5tbxe3Szu7e/oF5WG7LKBEUWjTikeh6RAJnIbQUUxy6sQASeBw63vg28zuPICSLwgc1icEJyDBkPqNEack1y9N+A7gi2HfZ9CbrF65ZsapWDrxK7AWp1E/9HE3X/OoPIpoEECrKiZQ924qVkxKhGOUwK/UTCTGhYzKEnqYhCUA6aX77DJ9pZYD9SOgKFc7V3xspCaScBJ6eDIgayWUvE//zeonyr52UhXGiIKTzh/yEYxXhLAg8YAKo4hNNCBVM34rpiAhClY6rpEOwl7+8StqXVbtWrd3rNBpojiI6RifoHNnoCtXRHWqiFqLoCT2jV/RmzIwX4934mI8WjMXOEfoD4/MHkayWcg==</latexit>

|!fi| < fi,
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Polarized Initial State Parton Shower 
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Complete Shower

<latexit sha1_base64="KsvVzhCb+LWFszRpQFQrXfHdpr8=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiCUmZEqhuh6MZlBfuAdhwymUwbmsyEJCOUoR/gxl9x40IRt36AO//GTDsLbT0Q7sm555LcEwhGlXacb2thcWl5ZbW0Zq9vbG5tl3d2WypJJSZNnLBEdgKkCKMxaWqqGekISRAPGGkHw+u8334gUtEkvtMjQTyO+jGNKEbaSH65Ygsf3fd4eiz8IK+XwsfFPcwrPLGNy6k6E8B54hakAgo0/PJXL0xwykmsMUNKdV1HaC9DUlPMyNjupYoIhIeoT7qGxogT5WWTZcbw0CghjBJpTqzhRP09kSGu1IgHxsmRHqjZXi7+1+umOrrwMhqLVJMYTx+KUgZ1AvNkYEglwZqNDEFYUvNXiAdIIqxNfnkI7uzK86R1WnVr1drtWaV+VcRRAvvgABwBF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6m1gWrmNkDf2B9/gDdapo9</latexit>

pµa + pµb = pµc + pµd ,

24

• pp collision here and can be adapted to the ep collisions at the EIC.



Complete Shower

• Helicity resolved hard process supplies all four correlated helicities and defines 
the boundary conditions for both showers.

ISR Boundary conditions:
<latexit sha1_base64="/b6CShJLYGBjnYcepWAQiJ5TX6M=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahQimJSPVY9OKxgv2ANobNdtsu3WzC7kYtof/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8yPOlLbtbyu3srq2vpHfLGxt7+zuFfcPWiqMJaFNEvJQdnysKGeCNjXTnHYiSXHgc9r2x9ep336gUrFQ3OlJRN0ADwUbMIK1ke7LuIJGnlNBT55zWvCKJbtqz4CWiZOREmRoeMWvXj8kcUCFJhwr1XXsSLsJlpoRTqeFXqxohMkYD2nXUIEDqtxkdvUUnRiljwahNCU0mqm/JxIcKDUJfNMZYD1Si14q/ud1Yz24dBMmolhTQeaLBjFHOkRpBKjPJCWaTwzBRDJzKyIjLDHRJqg0BGfx5WXSOqs6tWrt9rxUv8riyMMRHEMZHLiAOtxAA5pAQMIzvMKb9Wi9WO/Wx7w1Z2Uzh/AH1ucPNrOQZQ==</latexit>

(a, h1, x1)
<latexit sha1_base64="jcxnWsmnrt9umqVTxMXt8e3GVnU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUKCUpUj0WvXisYD+gjWGz3bRLN5uwu1FL6f/w4kERr/4Xb/4bN20O2vpg4PHeDDPz/JgzpW3721pZXVvf2Mxt5bd3dvf2CweHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW37o+vUbz9QqVgk7vQ4pm6IB4IFjGBtpPuSX0ZDr1pGT171LO8VinbFngEtEycjRcjQ8ApfvX5EkpAKTThWquvYsXYnWGpGOJ3me4miMSYjPKBdQwUOqXIns6un6NQofRRE0pTQaKb+npjgUKlx6JvOEOuhWvRS8T+vm+jg0p0wESeaCjJfFCQc6QilEaA+k5RoPjYEE8nMrYgMscREm6DSEJzFl5dJq1pxapXa7XmxfpXFkYNjOIESOHABdbiBBjSBgIRneIU369F6sd6tj3nripXNHMEfWJ8/O1SQaA==</latexit>

(b, h2, x2)

Evolve to 
proton 1

FSR Roots:
<latexit sha1_base64="e0mwvBky7m1eexQUaZuM5+FQ+DI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdleqx6MVjBfsh7VKyadqGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBRFn2rjut5NbWV1b38hvFra2d3b3ivsHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8W3qt56o0iyUD2YSUV/goWQDRrCx0mOZnKFR7+K00CuW3Io7A1omXkZKkKHeK351+yGJBZWGcKx1x3Mj4ydYGUY4nRa6saYRJmM8pB1LJRZU+8ns4Ck6sUofDUJlSxo0U39PJFhoPRGB7RTYjPSil4r/eZ3YDK79hMkoNlSS+aJBzJEJUfo96jNFieETSzBRzN6KyAgrTIzNKA3BW3x5mTTPK161Ur2/LNVusjjycATHUAYPrqAGd1CHBhAQ8Ayv8OYo58V5dz7mrTknmzmEP3A+fwByeI7j</latexit>

(c, h3)
<latexit sha1_base64="rba0Xd8cuRzMEr4PdqNpPUXH1jQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahgpRESvVY9OKxgv2QNpTNZtMu3d2E3Y1QQn+FFw+KePXnePPfmLQ5aOuDgcd7M8zM8yLOtLHtb6uwtr6xuVXcLu3s7u0flA+POjqMFaFtEvJQ9TysKWeStg0znPYiRbHwOO16k9vM7z5RpVkoH8w0oq7AI8kCRrBJpceqf4HGw/p5aViu2DV7DrRKnJxUIEdrWP4a+CGJBZWGcKx137Ej4yZYGUY4nZUGsaYRJhM8ov2USiyodpP5wTN0lio+CkKVljRorv6eSLDQeiq8tFNgM9bLXib+5/VjE1y7CZNRbKgki0VBzJEJUfY98pmixPBpSjBRLL0VkTFWmJg0oywEZ/nlVdK5rDmNWuO+Xmne5HEU4QROoQoOXEET7qAFbSAg4Ble4c1S1ov1bn0sWgtWPnMMf2B9/gB1iY7l</latexit>

(d, h4)

Evolve forward 
through FSR

Evolve to 
proton 2

Evolve forward 
through FSR

<latexit sha1_base64="JBqS8ff4cmVv5irHJcdFrA+SPrU="></latexit>

dωH1H2 →
)︄

a,b,c,d

h1,h2,h3,h4

fh1|H1
a

(x1, Q
2) fh2|H2

b
(x2, Q

2)
[︄[︄Mab→cd

h1h2h3h4
(!)

[︄[︄2 d!
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Complete Shower

Final state leaves: FSR from hard outgoing partons + FSR from ISR sisters 

The parent continues backward, while the sister becomes an FSR root.

Cluster the final state leaves together into jets with             
<latexit sha1_base64="wVFRDyB6l0ProvY98ob2/aDYlKs=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4aZkRqS6LIris0Be0pWTS2zY0kxmSO2IZ+gFu/BU3LhRx6we4829MHwttPRA4nHMuN/f4kRQGXffbSa2srq1vpDczW9s7u3vZ/YOaCWPNocpDGeqGzwxIoaCKAiU0Ig0s8CXU/eH1xK/fgzYiVBUcRdAOWF+JnuAMrdTJ5loID5jc5A0fQABj2qIzhSkU+fGwUylkbMotuFPQZeLNSY7MUe5kv1rdkMcBKOSSGdP03AjbCdMouIRxphUbiBgfsj40LVUsANNOpseM6YlVurQXavsU0qn6eyJhgTGjwLfJgOHALHoT8T+vGWPvsp0IFcUIis8W9WJJMaSTZmhXaOAoR5YwroX9K+UDphlH29+kBG/x5GVSOyt4xULx7jxXuprXkSZH5JicEo9ckBK5JWVSJZw8kmfySt6cJ+fFeXc+ZtGUM585JH/gfP4ACKma+A==</latexit>

E-scheme anti-kT .
26
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Complete Shower
<latexit sha1_base64="Z9Z2e/gmkenaSXrZPICyIIukbI4="></latexit>

dω++, dω+→ =→ ALL =
dω++ ↑ dω+→

dω++ + dω+→Jet spectra, 

27L. Adamczyk et al. (STAR), PRL 115 (2015); M. S. Abdallah et al. (STAR), PRD 103 (2021) 



Conclusion

• A helicity-resolved framework consistently connects the polarized hard process with 
ISR and FSR.

• Helicity information is propagated through the complete shower history.

• Study which jet observables and kinematic regions are most sensitive to 
helicity-dependent radiation.

28

• The framework can be extended toward a more complete and realistic simulation of 
polarized collision events.



Thank you


