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Non-zero gluon polarisation
Scientific American (2014)

ScienceNew 2018
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PDG 2021

• Canal ray: 1886, Eugen GoldStein
• Discovered by Ernest Rutherford, 1917
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The particle Zoo 



73,#-&*5-6'$

2022/01/06 Probing proton structure at LHCb 6



2"3,4*+3,#-&*5-6'$*8279:
8%)"#>2)I+,1#$'(#'$+1,A)#3)",#3+,4$%#%"7,4;$#%"1,BH';$I1G
?%-4)&,..%$%#(->@)4%=4)#(#"=%#&A)-4#)0+"-'(&)/#4+B#)>%<#)."##)0+"-%$>#&

J3+,&)1#$)0'#)%",%6,#3+,6$;(#)%",%6,#3+,4$%#%"1,:%:+"#':,B𝒙G,
%K+$,#3+,4;$#%"1,)1,&+1($)0+&,0<,8;$#%",L)1#$)0'#)%",M'"(#)%"1,
B8LM1G
C4#)=>,'()$'(-"%/,-%'()%&)-+<#()%(-')+$$',(-
C4#)97:)%*0"'B#1)9!D

2022/01/06 Probing proton structure at LHCb 7

SLAC-MIT experiment
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Key point:
The wavelenght 
of probe (𝜆)

Use virtual particle
(photon) as probe
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To slove this paradox: running of 𝜶𝑺
• Low Q region: confinement
• High Q region: asymptotic freedom 



7,-#-&*7;C.
R")K+$1;2,&)1#$)0'#)%"1,(%"#;)")"5,2%"5>&)1#;"(+,1#$'(#'$+,%6,
3;&$%"7,#3+,N/L,6;(#%$)1;#)%",#3+%$+:,,
S#,2+;1#,CC,8LM1,BT,H';$I1,U,;"#)>H';$I1,U,52'%"G

2022/01/06 Probing proton structure at LHCb 11



7;C.*+3,35'#',%.3#%-&.
𝒙𝒇 𝒙,𝑸𝟎𝟐 = 𝑨 𝟏 − 𝒙 𝜼𝒙𝜹 𝟏 + ∑𝒊'𝟏𝒏 𝒂𝒊𝑻𝒊𝑪𝒉(𝒚(𝒙))

𝑄,-7,= 1 𝐺𝑒𝑉P,)1,#3+,)"4'#,1(;2+,
𝑇./07,/3+0<13+K,4%2<"%:);21,)",𝑦P,𝑦 = 1 − 2𝑥1 B𝑘 = 0.5, 𝑛 = 4G
=2%0;2,6)#,#%,&+#+$:)"+,#3+,K;2'+1,%6,𝐴, 𝛿, 𝜂, 𝑎. 6%$,+;(3,8LM
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𝒙𝒇 𝒙, 𝑸𝟎𝟐 = 𝑨𝒈 𝟏 − 𝒙 𝜼𝒈𝒙𝜹𝒈 𝟏 + ∑𝒊'𝟏𝟐 𝒂𝒈,𝒊𝑻𝒊𝑪𝒉(𝒚(𝒙)) + 𝑨𝒈" 𝟏 − 𝒙
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2𝑑𝑥𝑑3 𝑥, 𝑄14 = 1

G#+);,+"<&I)∫1
2𝑑𝑥(𝑠 𝑥, 𝑄14 − �̅� 𝑥, 𝑄14 ) = 0

G,*)'B#"I)∫1
2𝑑𝑥 𝑥[𝑢3 𝑥, 𝑄14 + 𝑑3 𝑥, 𝑄14 + 𝑆 𝑥, 𝑄14 + 𝑔 𝑥, 𝑄14 ] = 1

2022/01/06 Probing proton structure at LHCb 12

EPJC 73, 2318 (2013)
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Proton-proton collision
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EPJC 76, 53 (2016)
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Chinese Phys. C 45 (2021) 023110
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Nature 590, 561 (2021) Chinese Phys. C 45 (2021) 023110
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Chinese Phys. C 45 (2021) 023110
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Very simple selection
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arXiv:2112.07458
Submitted to JHEP

The most precise measurement in the 
Forward region @ 13 TeV
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Nuc. Phys. B 213, 31 (1983)

First evidence for IC

PRL 102, 192002 (2009) Phys. Lett. B 719 (2013) 354-361
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𝑝, of 𝑐-tagged jet
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Simultaneously fit of 𝒎𝒄𝒐𝒓 and 𝑵𝒕𝒓𝒌
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arXiv:2109.08084
Submitted to PRL
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JHEP 01 (2016) 155
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𝒖, 𝒅, 𝒔, 𝒄 …

Phys. Rev. D 103, 014013 (2021)



𝒁 3&/"$3,*=-'FF%=%'&#*5'3.",'5'&#*

𝑨𝟐 %&)&#(&%-%B#)-')-4#)V'#"2D,>1#"& -"+(&B#"&#)*'*#(-,*)1#0#(1#(-)
!:H&)5CD:8

L37/)M,(2[)"#&,>-I)$>'&#)-')&,/*%&&%'(
K'@&)*++?&)#11/3&)*++&*%1&>#$>&)*++&"3$#'%
L2018&𝐴& 7+=&𝑍 𝑝'

2022/01/06 Probing proton structure at LHCb 49



𝑽TQ'#*3&6*-#)',*5'3.",'5'&#.*

2022/01/06 Probing proton structure at LHCb 50

Large-x gluon Medium-x gluon Medium-x gluon

Large-x gluon

Strangeness

(anti-) quarks
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Stay tuned for new results !
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QCD QED and Weak
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2𝑑𝑥G𝑑𝑥H𝑓(𝑥G, 𝑓𝑙𝑎𝑣G, 𝑄4)𝑓(𝑥H, 𝑓𝑙𝑎𝑣H, 𝑄4) ⋅ 𝜎GH→F(𝑥G, 𝑥H, 𝑄4)
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Sum over initial partonic states a,b Parton Distribution Function Hard scatterring cross-section
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Partial 𝝌𝟐 Correlated 𝝌𝟐 Log penalty



;DE07*F"&=#%-&*
:'<&4%-f#"2S"%/'B2L%0+-'B2g>-+"#>>%2!+"%&%)5:SLg!8)#B'>,-%'()#;,+-%'(&
M/*1#)#"&."#F'7&*%1&K37&K#-*2'7&#%&NOPQ&RL'7=&S=&T0;/=&H>8+=&NUDV4W&GNOPQJX
Y0"#&5':+>#2Z3"&#%&NOPP&RL'7=&H>8+=&SA[H&V\D\VN&GNOPPJX
.0#1'&]/2*"3//#&*%1&.#'"$#'&H*"#+#&#%&NOPP&RT0;/3*"&H>8+#;+&^=&NQ\&QOW_4NWX

2022/01/06 Probing proton structure at LHCb 56

2015 High Energy and Particle Physics Prize (EPS) Giorgio Parisi
The Nobel Prize in Physics 2021 
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Asumming charge symmetry, ignoring nuclear effects of deuterium 
And heavy quark contributions
Naively, we should expect flavour symmetry between A𝑢 and �̅�
E866/NuSea experiment reveals a striking asymmetry in the sea 
Distribution at moderate x
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Time-reversal odd distribution functions in leptoproduction
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Transverse momentum 

Time-reversal odd distribution functions in leptoproduction

Parton momentum as a fraction of proton momentum

A correlation between quark 𝒌𝑻 and transverse spin
in an unpolarized hadron!
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A proton with a momentum 𝑷

Time-reversal odd distribution functions in leptoproduction
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A three dimensional Fourier transform

Time-reversal odd distribution functions in leptoproduction
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A specific path of the Wilson line L, depends on the process
in a calculable and predictable way

Time-reversal odd distribution functions in leptoproduction
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2a
2h#

!~
7
h#
! ∑i'7j ∑k',-i?7𝛼:

(i) ln(k) b!

h#
! P,A)#3,𝐿 ≡ 𝑙𝑛 b!

h#
!

~ 7
h#
! {𝛼:(𝐿 + 1)

+𝛼:-(𝐿M + 𝐿- + 𝐿 + 1)
+𝛼:M(𝐿n + 𝐿c + 𝐿M + 𝐿- + 𝐿 + 1)
+ }⋯
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In the low 𝒒𝑻 region, 𝜶𝑺𝐥𝐧(
𝑸𝟐

𝒒𝑻
𝟐) ≈ 𝟏

For example, 𝟎. 𝟏×𝐥𝐧(𝟗𝟎
𝟐

𝟑𝟐
)~𝟏 !!

Even larger than 1.
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!

~ 7
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! {[𝛼:(𝐿 + 1) + 𝛼:- 𝐿M + 𝐿- + 𝛼:M 𝐿n + 𝐿c +⋯]

+[ + 𝛼:- 𝐿 + 1 + 𝛼:M 𝐿M + 𝐿- +⋯]
+[ + 𝛼:M 𝐿 + 1 +⋯ ]
+ }⋯
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Chinese Phys. C 45 (2021) 023110
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Chinese Phys. C 45 (2021) 023110
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Chinese Phys. C 45 (2021) 023110
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arXiv:1705.04468
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