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Status	of	Zbb couplings
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deviation	with	SM	prediction

gLb < 0 was	Excluded	

Gfitter Group:	
EPJC74	(2014)3046
PDG2020

D.	Choudhury,	 T.	M.	P.	Tait,	C.E.M.	Wagner,	
PRD	65(2002)053002

(gLb, gRb) gRb Could	be	positive	or negative

Rb =
�(Z ! bb̄)P
q �(Z ! qq̄)
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Status	of	Zbb couplings
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• Strong	constraint	for	the	
left-handed	Zbb coupling	

• large	deviation of	the	
right-handed	Zbb coupling

S.	Gori,	 J.	Gu,	L.	T.	Wang,	 JHEP04(2016)062

gLb/Rb = gSMLb/Rb + �gLb/Rb

gSMLb = �0.42, gSMRb = 0.077



A. How	to	break	the	degeneracy	of	the	right-handed	
Zbb coupling?

B. How	to	explain the	LEP	data?	

Status	of	Zbb couplings

4

Statistical	Fluctuation	or	Systematic	error?

New	experiments:	CEPC	(e+e- collider),	etc.

e.g.	Custodial	symmetry	O(3)	+	heavy	quark

Many	new	physics	modelsNew	Physics?

New	experiments:	e.g.	CEPC

K.	Agashe,	R.	Contino,	 L.	Rold,	A.	pomarol,	2006’



Zbb couplings@	future	e+e- colliders
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S.	Gori,	 J.	Gu,	L.	T.	Wang,	 JHEP04(2016)062
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The	degeneracy	of	right-handed	 Zbb
coupling	could	be	broken	by	scanning	
the	energy	at	the	e+e- colliders
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Should	we	just	wait	for	the	next	
generation	lepton	colliders?

Any	possibility	from	LHC	and	ep	colliders	
(HERA	and	EIC)?

So…
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Polarized		lepton	beam

Zbb couplings@	LHC	and	ep	colliders

axial-vector component of Zbb coupling 

vector component of Zbb coupling 

Single-Spin	Asymmetry	(SSA)

A.	LHC

B.	HERA	and	EIC
Complementary



A.	Zbb couplings	@LHC
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(1) Only axial-vector components contribute to the cross section;

(2) Only top and bottom quarks contribute to the scattering;

(3) Bottom quark’s contribution is comparable to the top quark, i.e. 

charge conjugation invariance + isospin asymmetry:
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Break	the	Zbb coupling	degeneracy
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Including	all	Zh data the	two	high	𝑷𝑻𝒁 data	play	an	important	role

Current	Zh data	could	break	the	degeneracy
ATLAS:	2008.02508

Their	central	values	are	smaller	than	SM	predictions



Break	the	Zbb coupling	degeneracy
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Break	the	Zbb coupling	degeneracy
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B.	Zbb couplings@HERA and	EIC
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Single-Spin	Asymmetry	(SSA):
Polarized		lepton	beam

Ab
e =

�tot
b,+ � �tot

b,�
�tot
b,+ + �tot

b,�

+/−:	right/left-handed	lepton

1. Photon-onlydiagrams	will	cancel in	SSA
2. Leading	contribution:𝛾-𝑍 interference
3. Only	sensitive	to	the	vector	component	of	the	Zbb coupling



Zbb couplings	@HERA

13

■ SM
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HERA (ii)
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JHEP 09, 061 (2012) 

Eur. Phys. J. C 62, 625 (2009) 

Phys. Rev. D 87, 052014 (2013) 

1. The	SSA	is	sensitive	to
2. could	be	excluded	by	

HERA	data
3. It	could	be	used	to	crosscheck	the	

off-𝑍-pole	data

V
V,A < 0

Z
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Zbb couplings	@EIC
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Ecm = 141 GeV, Pe = 0.7

Z
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■ SM
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(c)
ℒ=332.6 fb-1
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EIC (i)

EIC (ii)
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LHC:	axial-vector	
component	of	Zbb coupling

EIC:	vector	component	
of	Zbb coupling

Complementary
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Summary

16

A.	We	proposed	 two	new	methods	 to	probe	 the	Zbb coupling	at	the	LHC	and	ep	colliders

B.	The	Zh data	at	the	13	TeV LHC	can	resolve	the	apparent	degeneracy	of	the	Zbb coupling;

C.	Zh cross	section	depends	on	 the	axial-vector Zbb coupling,	 while	the	SSA	in	HERA	or	EIC	is	
sensitive	to	the	vector	Zbb coupling	 ;

D.	It	is	hopeful	 to	verify	or	exclude	the	LEP	measurement	by		those	new	methods.

Rb

AFB , Ab

Zh data

Thank	you!
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The	expected	limit	is	sensitive	to	the	
central	value	of	the	signal	strength

The	conclusion	 is	not	sensitive	to	the	
other	top	quark	couplings
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<latexit sha1_base64="HDn1i+K+jAod0ZnXE7aH+rL2BcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesCLoF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gACXY2a</latexit><latexit sha1_base64="HDn1i+K+jAod0ZnXE7aH+rL2BcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesCLoF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gACXY2a</latexit><latexit sha1_base64="HDn1i+K+jAod0ZnXE7aH+rL2BcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesCLoF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gACXY2a</latexit><latexit sha1_base64="HDn1i+K+jAod0ZnXE7aH+rL2BcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosevFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesCLoF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gACXY2a</latexit>

µZh =
�(pp ! Zh)

�(pp ! Zh)SM
<latexit sha1_base64="1xPTt70ApYv1pJ1yrvJDOeEXwTI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoCBC0Y0boaJ90CaGyXTSDp1JwsxEKCEf48ZfcePCBy7c+C1O2yy09cDA4Zx7uXOOHzMqlWV9GYWFxaXlleJqaW19Y3PL3N5pyigRmDRwxCLR9pEkjIakoahipB0LgrjPSMsfXo791gMRkkbhnRrFxOWoH9KAYqS05JlnDk+8tDPIzp1AIJw6kvY5qsSxoyLYGRxmc8p96ggOb6+zzDPLVtWaAM4TOydlkKPume9OL8IJJ6HCDEnZta1YuSkSimJGspKTSBIjPER90tU0RJxIN52EzOCBVnowiIR+oYIT9fdGiriUI+7rSY7UQM56Y/E/r5uo4NRNaRgnioR4eihIGNRxx43BHhUEKzbSBGFB9V8hHiBdltK9lnQJ9mzkedI8qtpW1b45Ltcu8jqKYA/sgwqwwQmogStQBw2AwSN4Bq/gzXgyXowP43M6WjDynV3wB8b3D3ZvpUQ=</latexit><latexit sha1_base64="1xPTt70ApYv1pJ1yrvJDOeEXwTI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoCBC0Y0boaJ90CaGyXTSDp1JwsxEKCEf48ZfcePCBy7c+C1O2yy09cDA4Zx7uXOOHzMqlWV9GYWFxaXlleJqaW19Y3PL3N5pyigRmDRwxCLR9pEkjIakoahipB0LgrjPSMsfXo791gMRkkbhnRrFxOWoH9KAYqS05JlnDk+8tDPIzp1AIJw6kvY5qsSxoyLYGRxmc8p96ggOb6+zzDPLVtWaAM4TOydlkKPume9OL8IJJ6HCDEnZta1YuSkSimJGspKTSBIjPER90tU0RJxIN52EzOCBVnowiIR+oYIT9fdGiriUI+7rSY7UQM56Y/E/r5uo4NRNaRgnioR4eihIGNRxx43BHhUEKzbSBGFB9V8hHiBdltK9lnQJ9mzkedI8qtpW1b45Ltcu8jqKYA/sgwqwwQmogStQBw2AwSN4Bq/gzXgyXowP43M6WjDynV3wB8b3D3ZvpUQ=</latexit><latexit sha1_base64="1xPTt70ApYv1pJ1yrvJDOeEXwTI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoCBC0Y0boaJ90CaGyXTSDp1JwsxEKCEf48ZfcePCBy7c+C1O2yy09cDA4Zx7uXOOHzMqlWV9GYWFxaXlleJqaW19Y3PL3N5pyigRmDRwxCLR9pEkjIakoahipB0LgrjPSMsfXo791gMRkkbhnRrFxOWoH9KAYqS05JlnDk+8tDPIzp1AIJw6kvY5qsSxoyLYGRxmc8p96ggOb6+zzDPLVtWaAM4TOydlkKPume9OL8IJJ6HCDEnZta1YuSkSimJGspKTSBIjPER90tU0RJxIN52EzOCBVnowiIR+oYIT9fdGiriUI+7rSY7UQM56Y/E/r5uo4NRNaRgnioR4eihIGNRxx43BHhUEKzbSBGFB9V8hHiBdltK9lnQJ9mzkedI8qtpW1b45Ltcu8jqKYA/sgwqwwQmogStQBw2AwSN4Bq/gzXgyXowP43M6WjDynV3wB8b3D3ZvpUQ=</latexit><latexit sha1_base64="1xPTt70ApYv1pJ1yrvJDOeEXwTI=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoCBC0Y0boaJ90CaGyXTSDp1JwsxEKCEf48ZfcePCBy7c+C1O2yy09cDA4Zx7uXOOHzMqlWV9GYWFxaXlleJqaW19Y3PL3N5pyigRmDRwxCLR9pEkjIakoahipB0LgrjPSMsfXo791gMRkkbhnRrFxOWoH9KAYqS05JlnDk+8tDPIzp1AIJw6kvY5qsSxoyLYGRxmc8p96ggOb6+zzDPLVtWaAM4TOydlkKPume9OL8IJJ6HCDEnZta1YuSkSimJGspKTSBIjPER90tU0RJxIN52EzOCBVnowiIR+oYIT9fdGiriUI+7rSY7UQM56Y/E/r5uo4NRNaRgnioR4eihIGNRxx43BHhUEKzbSBGFB9V8hHiBdltK9lnQJ9mzkedI8qtpW1b45Ltcu8jqKYA/sgwqwwQmogStQBw2AwSN4Bq/gzXgyXowP43M6WjDynV3wB8b3D3ZvpUQ=</latexit>
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Z
<latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit>

Z
<latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit><latexit sha1_base64="So6GME4NYfx1SdEI5IJWr2miZnI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWCyhN7JbDJkdnacmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFSnBjff/bW1ldW9/YLGwVt3d29/ZLB4cNk2aasjpNRapbERomuGR1y61gLaUZJpFgzWh4M/WbT0wbnsp7O1IsTLAvecwpWie1OkNUCrsP3VLZr/gzkGUS5KQMOWrd0lenl9IsYdJSgca0A1/ZcIzacirYpNjJDFNIh9hnbUclJsyE49m9E3LqlB6JU+1KWjJTf0+MMTFmlESuM0E7MIveVPzPa2c2vgrHXKrMMknni+JMEJuS6fOkxzWjVowcQaq5u5XQAWqk1kVUdCEEiy8vk8Z5JfArwd1FuXqdx1GAYziBMwjgEqpwCzWoAwUBz/AKb96j9+K9ex/z1hUvnzmCP/A+fwD9ro/s</latexit>

t
<latexit sha1_base64="p0QIQn7dtUV1Tak463TcwUvUEqo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKezZXrniV/05yCoJclKBHPVe+avbT2mWMGmpQGM6ga9sOEFtORVsWupmhimkIxywjqMSE2bCyfzeKTlzSp/EqXYlLZmrvycmmBgzTiLXmaAdmmVvJv7ndTIbX4cTLlVmmaSLRXEmiE3J7HnS55pRK8aOINXc3UroEDVS6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHyUlkAY=</latexit><latexit sha1_base64="p0QIQn7dtUV1Tak463TcwUvUEqo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKezZXrniV/05yCoJclKBHPVe+avbT2mWMGmpQGM6ga9sOEFtORVsWupmhimkIxywjqMSE2bCyfzeKTlzSp/EqXYlLZmrvycmmBgzTiLXmaAdmmVvJv7ndTIbX4cTLlVmmaSLRXEmiE3J7HnS55pRK8aOINXc3UroEDVS6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHyUlkAY=</latexit><latexit sha1_base64="p0QIQn7dtUV1Tak463TcwUvUEqo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKezZXrniV/05yCoJclKBHPVe+avbT2mWMGmpQGM6ga9sOEFtORVsWupmhimkIxywjqMSE2bCyfzeKTlzSp/EqXYlLZmrvycmmBgzTiLXmaAdmmVvJv7ndTIbX4cTLlVmmaSLRXEmiE3J7HnS55pRK8aOINXc3UroEDVS6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHyUlkAY=</latexit><latexit sha1_base64="p0QIQn7dtUV1Tak463TcwUvUEqo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhs7PjzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZppyho0FaluR2iY4JI1LLeCtZVmmESCtaLR7cxvPTFteCof7FixMMGB5DGnaJ3U7o5QKezZXrniV/05yCoJclKBHPVe+avbT2mWMGmpQGM6ga9sOEFtORVsWupmhimkIxywjqMSE2bCyfzeKTlzSp/EqXYlLZmrvycmmBgzTiLXmaAdmmVvJv7ndTIbX4cTLlVmmaSLRXEmiE3J7HnS55pRK8aOINXc3UroEDVS6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIKAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHyUlkAY=</latexit>
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Polarized	cross	section

Q2 = �q2, x =
Q2

2P · q , y =
P · q
P · k , xyS = Q2,

DIS	variables:
𝜆+ = ±1:	lepton	helicity

Simplified-ACOT-𝜒 scheme@NNLO
M.	A.	G.	Aivazis,	F.I.	Olness,	W.-K.	Tung,	94’
M.	A.	G.	Aivazis,	J.C.	Collins,	F.I.	Olness,	W.-K.	Tung,	94’
J.C.	Collins,	98’
M.Kramer,	F.I.	Olness,	D.	E.	Soper,	00’
….

mf = 0 mf 6= 0Q ⇠ mf

M.	Guzzi et	al,	PRD86,053005(2012)
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Dependence	on	𝑍𝑏𝑏 coupling
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• SSA	is	sensitive	to	the	vector	component	of	the	𝒁𝒃𝒃 coupling.
• The	dependence	on	axial	part	is	suppressed	by	

𝒊 𝒁 propagator,	 𝒊𝒊 small	𝒈𝑽𝒆 ,	 𝒊𝒊𝒊 PDFs		(NNLO	effect).

SSA:	𝝈6 − 𝝈7

• Photon-only	channel	cancels.
• 𝜸𝒁 channel	dominates.
• 𝑍𝑍 channel	is	suppressed	for

𝑄: ∈ 10:, 10> 	𝐺𝑒𝑉:
• 𝑍𝑒𝑒 coupling	≃ axial-vector	coupling:

𝑔E+ = −0.5, 𝑔H+ = −0.038

dominates

The	combination	 of	𝒈𝑽𝒆	𝒈𝑨𝒃 is	further	 suppressed	by	PDFs and	high	orders	since
𝑭𝟑 = 𝑪𝒒 ⊗ (𝒒 − 𝒒R)

• At	LO	and	NLO,	𝑞 = 𝑏 and	𝑏 − 𝑏U = 0 ⟹ 𝑭𝟑 = 𝟎
• At	NNLO,	𝑞 can	be	other	flavors	and	𝑏 − 𝑏U ≠ 0 ⟹ 𝑭𝟑 ≠ 𝟎,	but	suppressed	by	

geAg
b
V

<latexit sha1_base64="D1aG1i4pYkDCHASeOVEpEIStrrA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rqrunFZwT6wTcNkOkmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/fe4yeMSmVZH0ZhZXVtfaO4Wdra3tndK+8fdGScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6TrT65yv3tPhKQxv1XThLgRCjkNKEZKS3ehdzEkodcZ+l65YpnnjVrVqUHLtKy6XbVzUq07Zw60tZKjApZoeeX3wSjGaUS4wgxJ2betRLkZEopiRmalQSpJgvAEhaSvKUcRkW42v3gGT7QygkEsdHEF5+r3iQxFUk4jX3dGSI3lby8X//L6qQoabkZ5kirC8WJRkDKoYpi/D0dUEKzYVBOEBdW3QjxGAmGlQyrpEL4+hf+TTtW0LdO+cSrNy2UcRXAEjsEpsEEdNME1aIE2wICDB/AEng1pPBovxuuitWAsZw7BDxhvn3UDkMY=</latexit><latexit sha1_base64="D1aG1i4pYkDCHASeOVEpEIStrrA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rqrunFZwT6wTcNkOkmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/fe4yeMSmVZH0ZhZXVtfaO4Wdra3tndK+8fdGScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6TrT65yv3tPhKQxv1XThLgRCjkNKEZKS3ehdzEkodcZ+l65YpnnjVrVqUHLtKy6XbVzUq07Zw60tZKjApZoeeX3wSjGaUS4wgxJ2betRLkZEopiRmalQSpJgvAEhaSvKUcRkW42v3gGT7QygkEsdHEF5+r3iQxFUk4jX3dGSI3lby8X//L6qQoabkZ5kirC8WJRkDKoYpi/D0dUEKzYVBOEBdW3QjxGAmGlQyrpEL4+hf+TTtW0LdO+cSrNy2UcRXAEjsEpsEEdNME1aIE2wICDB/AEng1pPBovxuuitWAsZw7BDxhvn3UDkMY=</latexit><latexit sha1_base64="D1aG1i4pYkDCHASeOVEpEIStrrA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rqrunFZwT6wTcNkOkmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/fe4yeMSmVZH0ZhZXVtfaO4Wdra3tndK+8fdGScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6TrT65yv3tPhKQxv1XThLgRCjkNKEZKS3ehdzEkodcZ+l65YpnnjVrVqUHLtKy6XbVzUq07Zw60tZKjApZoeeX3wSjGaUS4wgxJ2betRLkZEopiRmalQSpJgvAEhaSvKUcRkW42v3gGT7QygkEsdHEF5+r3iQxFUk4jX3dGSI3lby8X//L6qQoabkZ5kirC8WJRkDKoYpi/D0dUEKzYVBOEBdW3QjxGAmGlQyrpEL4+hf+TTtW0LdO+cSrNy2UcRXAEjsEpsEEdNME1aIE2wICDB/AEng1pPBovxuuitWAsZw7BDxhvn3UDkMY=</latexit><latexit sha1_base64="D1aG1i4pYkDCHASeOVEpEIStrrA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rqrunFZwT6wTcNkOkmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/fe4yeMSmVZH0ZhZXVtfaO4Wdra3tndK+8fdGScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6TrT65yv3tPhKQxv1XThLgRCjkNKEZKS3ehdzEkodcZ+l65YpnnjVrVqUHLtKy6XbVzUq07Zw60tZKjApZoeeX3wSjGaUS4wgxJ2betRLkZEopiRmalQSpJgvAEhaSvKUcRkW42v3gGT7QygkEsdHEF5+r3iQxFUk4jX3dGSI3lby8X//L6qQoabkZ5kirC8WJRkDKoYpi/D0dUEKzYVBOEBdW3QjxGAmGlQyrpEL4+hf+TTtW0LdO+cSrNy2UcRXAEjsEpsEEdNME1aIE2wICDB/AEng1pPBovxuuitWAsZw7BDxhvn3UDkMY=</latexit>

↵2
s

<latexit sha1_base64="1dDHShB7frlemmdaFuA5Nbka1jA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8tkOmmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xTqVgsbvQ0oX6ER4KFjGBtpNs+5skYD9SdOyhXkH1er7peFSIboZrjOjlxa96ZBx2j5KiAJZqD8nt/GJM0okITjpXqOSjRfoalZoTTWamfKppgMsEj2jNU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/eb1Uh3U/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0nbtR1kO9depXGxjKMIjsAxOAUOqIEGuAJN0AIECPAAnsCzpaxH68V6XbQWrOXMIfgB6+0To/KQ5A==</latexit><latexit sha1_base64="1dDHShB7frlemmdaFuA5Nbka1jA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8tkOmmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xTqVgsbvQ0oX6ER4KFjGBtpNs+5skYD9SdOyhXkH1er7peFSIboZrjOjlxa96ZBx2j5KiAJZqD8nt/GJM0okITjpXqOSjRfoalZoTTWamfKppgMsEj2jNU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/eb1Uh3U/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0nbtR1kO9depXGxjKMIjsAxOAUOqIEGuAJN0AIECPAAnsCzpaxH68V6XbQWrOXMIfgB6+0To/KQ5A==</latexit><latexit sha1_base64="1dDHShB7frlemmdaFuA5Nbka1jA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8tkOmmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xTqVgsbvQ0oX6ER4KFjGBtpNs+5skYD9SdOyhXkH1er7peFSIboZrjOjlxa96ZBx2j5KiAJZqD8nt/GJM0okITjpXqOSjRfoalZoTTWamfKppgMsEj2jNU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/eb1Uh3U/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0nbtR1kO9depXGxjKMIjsAxOAUOqIEGuAJN0AIECPAAnsCzpaxH68V6XbQWrOXMIfgB6+0To/KQ5A==</latexit><latexit sha1_base64="1dDHShB7frlemmdaFuA5Nbka1jA=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOygn1gG8tkOmmHTiZhZiKU0L9w40IRt/6NO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek8vc79xTqVgsbvQ0oX6ER4KFjGBtpNs+5skYD9SdOyhXkH1er7peFSIboZrjOjlxa96ZBx2j5KiAJZqD8nt/GJM0okITjpXqOSjRfoalZoTTWamfKppgMsEj2jNU4IgqP5tfPIMnRhnCMJamhIZz9ftEhiOlplFgOiOsx+q3l4t/eb1Uh3U/YyJJNRVksShMOdQxzN+HQyYp0XxqCCaSmVshGWOJiTYhlUwIX5/C/0nbtR1kO9depXGxjKMIjsAxOAUOqIEGuAJN0AIECPAAnsCzpaxH68V6XbQWrOXMIfgB6+0To/KQ5A==</latexit>



SSA@HERA	and	EIC

22

Ab
e =

�tot
b (Pe)� �tot

b (�P 0
e)

P 0
e �

tot
b (Pe) + Pe �tot

b (�P 0
e)

Ab
e =

1

Pe

�tot
b (Pe)� �tot

b (�Pe)

�tot
b (Pe) + �tot

b (�Pe)

Ab
e =

�tot
b,+ � �tot

b,�
�tot
b,+ + �tot

b,�

SSA@HERA	(Run-II)

SSA@EIC

SSA	definition:

Lepton	beam	polarization

To	physics	Observables
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