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Explore internal structure of matter

H1 and ZEUS, EPJC 75 (2015) 580
u?=10GeV2

xf

0.8 —— HERAPDF2.0 NLO |
° uncertainties:
experimental

[
[ ] model xu

parameterisation v

0.6 - N\ HERAPDF2.0AG NLO /s \ _

xg (< 0.05) N\

0.4

0.2 -
xS (< 0.05)

Small x <€ Large x

Shuai Yang Third EIC-Asia Workshop 2



Explore mternal structure of matter

H1 and ZEUS, EPJC 75 (2015) 580

< ? e Splitting Recombination
\8 - : ncertantc :

A [ 1 model |

| \ Saturatlon z:

0l xe 009N ~N,(linear) ) nonlinear)

QCD unitarity: growth of gluon
density can’t continue indefinitely!

Small x {—————=———— | arge x
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Explore mternal structure of matter

H1 and ZEUS, EPJC 75 (2015) 580

1

K\?\“ : Km0 Gev Splitting Recombination
| /\ 5: Saturation Z::
04| 0N i ~Ny(linear) ) (nonlinear)
| QCD unitarity: growth of gluon
| | density can’t continue indefinitely!

Small x {—————=———— | arge x
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What can we do before EIC’?

® Equwalent Photon Approxmatlon
* Proposed in 1924 by Fermi (1901-1954)
- Extended EPA method to relativistic
particles by Williams&Weiszsacker
« Photon Flux o Z2

Fermi, Z. Phys. 29 (1924) 315
Williams, Phys. Rev. 45 (1934) 729
Weizsacker, Z. Phys. 88 (1934) 612

® Photon kinematics

maximum energy
E v max""V(hC/ R)

typical pr (& virtuality)
PTtmax ~ hc/R

Coherent strengths (rates)
scale as Z2: nuclei >> protons

Shuai Yang Third EIC-Asia Workshop




Photcn nuclear mteractlons

Little “HERA”

. Elastic Inelastic
E
4'"§O O
o>
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Photon nuclear mteractlons

Little “HERA”

. Elastic Inelastic
E
e(k) /
AN p(P)\
>
Little “EIC”
F as A
Y M ‘y
O O ]/ Y ..)
@“’? A A
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Imaging free nucleon

ALICE, EPJC 79 (2019) 402 .
5 107 107 10™ 107
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® g(W,p) follows a universal power-law rise from HERA to LHC
® No clear sign of gluon saturation in proton down to x~10-5
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Ultra-dense gluonic matter

rd
4\

\
4 \

Fy

® Gluon saturation is expected to be easier to be achieved
inside heavy nuclel
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Signal extraction

CMS, PRL 131

Events / (0.02 GeV)
o
(o)) -

o
N

-t
1N

o —_
(00) (\}

©
~

x10° CMS

(2023)

262301

1.6<ly"™ <1.9

PbPb 1.52 nb™ (5.02 TeV)

0< p_‘;“ <0.2 GeV

¢ Data ]
—— Fit: x¥/ndf = 1.0 B
..... Jhy (6028 = 90) ]
---=-1(2S) (660 = 58) "
----- YY = U i
Ry =0.109 = 0.0095 ]
R = 0.232 + 0.0194
f; =0.040 = 0.0033

| T SR SN [ ST ST WA MU SR ST SR NN S

3.8 4 42
m,, (GeV)

Events / (0.02 GeV)

—
o
w

—
o
N

10

CMS

1

1.6<ly™l<1.9
. AnAn
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¢ Data
—— Fit: ¢?/ndf = 1.2 E
—— Coherent JAhp .
------ Incoherent J/y w/o N dissociation
------ Incoherent J/y w. N dissociation
Coherent ¢(2S) — Jp+X
—— (QED continuum) yy — uu

S lee T -
L 9111
o [ -

1 15 2

2.5 3
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® Signals of coherent J/i are extracted by simultaneously

fitting the mass and pr spectra

Shuai Yang
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Imaglng heavy nucleus

do/dy (mb)

Shuai Yang

—_
AN

RN
N

RN
o

ALICE PLB 798 (2019) 134926
ALICE, EPJC 81 (2021) 712

ALICE Pb+Pb — Pb+Pb+J/y |s, =5.02 TeV

1 ALICE coherent J/y
- - - - Impulse approximation
SEEREY STARLIGHT
—— EPS09 LO (GKZ)
-—- LTA (GKZ)
- [IM BG (GM)
— — |Psat (LM)
- BGK-I (LS)
- - = - GG-HS (CCK) Rl
— — b-BK (BCCM) -~

® Nuclear gluon suppression

factor R” = 0.64 £ 0.04 at

x~10-3 o _ 845 07)
A g, 09
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Imaglng heavy nucleus

ALICE PLB 798 (2019) 134926
ALICE, EPJC 81 (2021) 712

—_
AN

® Nuclear gluon suppression

1 ALICE coherent J/y
- - Impulse approximation

SRR STARLIGHT
—— EPS09 LO (GKZ)
- LTA (GKZ)
- [IM BG (GM)
— — |Psat (LM)
- BGK-I (LS)
- - == GG-HS (CCK)
— — b-BK (BCCM)

do/dy (mb)
x

RN
o

‘1\III|III|III|III|III|III

f"

|"
-"

L=t

ALICE Pb+Pb — Pb+Pb+J/y  |S,y = 5.02 TeV factor RPb
8

x~10-3

UPC

(a) photon emitter
(higher energy)

| ! | | I
04 -3 -2 ~1 0 1 M;,
y X = LA
2Ebeam
dGAA—>AA’J/l//
y = y/A(a)l) OyA— JhyA (@) T

Shuai Yang

Third EIC-Asia Workshop

= 0.64 = 0.04 at

gA(xa Q2)
A - g,(x,0?%)

® Two-way ambiguity in A+A

| 5
|
[—
)
1 -
«Q
D
®
x
Y

( ________________________________________________
@ photon emitter
(lower energy)
M Iy
2Ebeam

Ty

€

N y/A(a)Z) ) 0yA—>J/1//A’(a)2)
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Imaglng heavy nucleus

IE PL 78(201)3 o .
ALICE, EPJC 81 (2021) 712 ® Nuclear gluon suppression

—_
AN

ALICE Pb+Pb — Pb+Pb+J/y  |/s =5.02 TeV factor RP b _ 0.64 +0.04 at
g . = V.

1 ALICE coherent J/y

T 2
- - Impulse approximation X~ 1 0_3 RA gA(xa Q )

e STARLIGHT
—— EPS09 LO (GK2) g A - gp(x, Q2)

. IM BG (GM) ® TWO—Way amblgurty in A+A
UPC

— — IPsat (LM)
. BGK-I (LS)
(a) photon emitter (b)
(higher energy) E— | target
B target ‘ M
) photon emitter
(lower energy)

do/dy (mb)
x

RN
o

“‘1\III|III|III|III|III|III

- - - - GG-HS (CCK)
— — b-BK (BCCM)

Y

O |
1 M;, M;,
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Imaglng heavy nucleus

CMS, PRL 131 (2023) 262301

ALICE, EPJC 81 (2021) 712

LHCD, JHEP 06 (2023) 146

do,,, / dy (mb)

CMS Pbe 1.52 nb (5 02 TeV)
Pb + Pb — Pb + Pb + Jhp AnAn_‘,_,_.........---------
| —— CMS -

— 85— ALICE 2019

— s ALICE 2021 o et

—— LA © .
— —=— LHCb 2022 Gty Co R s
e _D_—A‘p‘_"""’
--D——£:A7'” ____________________
““““““ l} é‘/"ﬁ‘,-" ----------------
B —A:;-}—’_’ ----------

T LTA_SS CD_BGK
sl -~ LTA_WS CD_GBW
e STARLight CD_IIM

-4 -3 2 1 0
Yy

® L HC experiments complement each over a wide range of

y region

No theory can describe data over full y region! What is missing?

Solving the “two-way ambiguity” is the key!

Shuai Yang

Third EIC-Asia Workshop



A solution to the “two-way ambiguity”

Nuclei may exchange soft photon(s) = nuclear dissociation

@Pb’

No nucleus breakup

- . - '.Pb' @

Shuai Yang Third EIC-Asia Workshop 10



A solution to the “two-way ambiguity”

Nuclei may exchange soft photon(s) = nuclear dissociation

@Pb’

Y'S  One nucleus breakup

- o Pb @
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A solution to the “two-way ambiguity”

Nuclei may exchange soft photon(s) = nuclear dissociation

@Pb’

Y Two nuclei breakup

- — > G_'
Pb* o—

Shuai Yang Third EIC-Asia Workshop 10



A solution to the “two-way ambiguity”

Nuclei may exchange soft photon(s) = nuclear dissociation

L L I T T T ) ] LI I 1 T 1 1 ] LI I
*
o i i
* § i
Y Two nucl & o5 STARLIGHT -
- LHC beam energy -
I —— 0nOn i
I —— XnO0n .
—— XnXn

. - - = > : B .

Pb Pb* 1 1 1 1 L Ll I L 1 1 1 1 1 I
0 10 102 103

b (fm)
Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323
® Control the impact parameter of UPCs via forward neutron
multiplicity
* bxnxn < Bonxn < Donon
Shuai Yang Third EIC-Asia Workshop 10



A solution to the

CMS, PRL 127 (2021) 122001

“two-way ambiguity”

Experimental

Guzey et al., EPJC 74 (2014) 2942

Photon flux

measurements from theory

dqgﬁonAA’J/

—AA Ty 00 On0

dy Nyia (@1) * 0y ryareo)y + Nyga (@2) * Cpas gy
dGXZXHAA’J/

= YV arOnX OnX

dy Nyg (@1) * O oy T Nyga™ (@2) * Gpa, iy
do_j\(zanA’J/

—AAJlY XX XnX.

dy Noa™ " (@1) - Opu o)y + Ny (@2) * Opas sy

Single neutron peak

Shuai Yang
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A solution to the “two-way ambiguity”

Guzey et al., EPJC 74 (2014) 2942

CMS, PRL 127 (2021) 122001 Experlmental PhOton ﬂux
measurements from theory
dqgﬁonAA’J/
—AA Ty 00 On0
dy Nyia (@1) * O iyareo)y + Nyga (@02) * Cpas gy
dGXZXHAA’J/
- 174
0 = N%Xﬂ(a)l) " Opuss iy (@) T V. %X”(w2) " OyA—JIyA ()
do_j\(zanA’J/
— W
b Nyyi ™ (@1) * O sy + N (@) * Gra ity
What we need!
Single neutron peak Solve the “two-way ambiguity”

i

Probe gluons at x~10->-10-4 in heavy nucleus!
Shuai Yang Third EIC-Asia Workshop 11



Coherent J/i production vs. XnYn

CMS, PRL 131 (2023) 262301 CMS PbPb 1.52 nb™ (5.02 TeV)

ALICE, JHEP 10 (2023) 119 | | ' | . .
(2023) - Pb + Pb — Pb + Pb + JAp T —— 0] 0[0] o HE( )R 0Risg
= opoeesss g "__.T ------------------------- =
_ U { OnXn: (b) ~20 fm
— “‘--“‘:‘_“:;:;:l:: .....................................................
e e e g 1 XnXn: (b) <15 fm
~—" E, e _,Q_:Q_ _____________
N 2 eI
©
~ T T imimmmm s
= el e e
- R : 7 aaemmmmmmeT
o S e T e OnOn OnXn XnXn
e [ P St &) (6] [ pata
R ---- LTA_SS
L —=  —=  -- LTAWS
ST e STARLight -
PR | ! ! |
_4 3 2 _1 0

® First measurement of neutron multiplicity dependence
of coherent J/y production

- LTA and STARLight calculations cannot describe data
- Enable to solve the “two-way ambiguity”

Shuai Yang Third EIC-Asia Workshop 12



- Pb

CMS PbPb 1.52 nb™ (5.02 TeV)
L | L | L | L | L | I—I‘—Il—I‘LII’.I__I_.I_'I—I‘I' I | [
o' e B
i N
— }QQ‘ LT * Approximated data points | -
'g &Q&*//" from published data before -
= e 2023 1 ® ALICE, LHCDb vs. |IA
o // 77N i
= S e |+ lA: neglects all nuclear effects
A N - Data close to IA at low W
2|4 V O ALICE* (-4.0<y <-3.5) _ . .
£10hE | o auce: <019 e { + Data significant lower than IA
> I - .= Impulse approx.
5 '1‘& ] A LHCb* (45<y<-85) : at W~125 GeV (x~10-3)
-\ ,’ Syst. exp. :
L syt flux _ ALICE, PLB 798 (2019) 134926
Ié L1 1 | L1 11 I | | | I | | L1 11 | I | | I | I I | | L1 ALICE’ EPJC 81 (2021) 712
0 50 100 150 200 250 300 350 400 LHCb, JHEP 06 (2023) 146

W,y (GeV)
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- Pb

CMS PbPb 1.52 nb™ (5.02 TeV)
’_a =
£
= | © ALICE, LHCb vs. IA
ol
= |, * |A: neglects all nuclear effects
- b
S Cass  — e ac + Data c.Ios.e.to A at low W
£°HE | o auceo<y<ss --mws --exa 1« Data significant lower than IA
> 1/ I O ALICE*(lyl <0.15) CD_BGK CGC IPsat i - i
© P{\i ,I’ A LHCb* (-4.5 <y <-3.5) CD_GBW -~ GG-hs at W~125 Gev (xNIO 3)
T e OD-IM == Impulse approx. ALICE, PLB 798 (2019) 134926
!.I (| | [ Iyl |TI [ | I I I | I I L1 1 | I L 1 1 | | | | ALICE, EPJC 81 (2021)712
0 50 100 150 200 250 300 350 400 LHCDb, JHEP 06 (2023) 146

W,y (GeV)
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107"

o(y Pb — JAp Pb) (mb)

CMS PbPb 1.52 nb™ (5.02 TeV)
1T | 1T 1T 1T ‘_I‘J,.-l-'* | 1T | 1T | L | [
& f ® CMS —LTA_SS — bBK_GG

1, O ALICE --LTAWS -- bBK_A
| A LHCb* (-4.5<y <-3.5) CD_BGK CGC IPsat
, Syst. exp. CD_GBW --- GG-hs
I:I Syst. y flux CD_IIM --= Impulse approx.]
:I L1 1 | I | | I I | | I | I | | I I | | I | I | | |1
0 100 200 300 400 500 600 700 800

Wy (GeV)

i Pb

CMS, PRL 131 (2023) 262301
ALICE, JHEP 10 (2023) 119

® ALICE, LHCDb vs. |IA

* |A: neglects all nuclear effects

- Data close to |IA at low W

- Data significant lower than IA
at W~125 GeV (x~10-3)

ALICE, PLB 798 (2019) 134926
ALICE, EPJC 81 (2021) 712
LHCb, JHEP 06 (2023) 146

e LHC measurement up to W, ~ 800 GeV

Shuai Yang
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CMS

i Pb
Coherent J/y production vs. W3

PbPb 1.52 nb™ (5.02 TeV)

IIIII_I_J,.-l-'*|IIII|IIII|IIII|II

o

E

re)

o

4

) I/,,’,

0 4/ ® CMS —LTA_SS —bBK_GG

Q 192 |4 O ALICE -~ LTAWS - - bBK_A

o A

= P A LHCb* (-4.5<y <-3.5) CD_BGK CGC IPsat

o . Syst. exp. CD_GBW --- GG-hs

I:I Syst. y flux CD_IIM --= Impulse approx.]
. _
iIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 100 200 300 400 500 600 700 800

Wy (GeV)

CMS, PRL 131 (2023) 262301
ALICE, JHEP 10 (2023) 119

® ALICE, LHCb vs. IA

* |A: neglects all nuclear effects

- Data close to |IA at low W

- Data significant lower than IA
at W~125 GeV (x~10-3)

ALICE, PLB 798 (2019) 134926
ALICE, EPJC 81 (2021) 712
LHCb, JHEP 06 (2023) 146

e LHC measurement up to W, ~ 800 GeV

o Wy < 40GeV: rapidly rising

Shuai Yang

Third EIC-Asia Workshop 13



Coherent J/zp productlon VS. W

CMS PbPb 1.52 nb™ (5.02 TeV)
IIII|IIIIIIIIIIII‘_I‘J,.-l-'*|IIII|IIII|IIII|II
10| -
=) I
£ | ALICE==—"" ., o ee=gEEEa----
3 N - L L
5 ¢MS =
= »/
S5 [ ¥ CMS
? @,-" ® CMS —LTASS —bBK_GG
Q 192 |y O ALICE -~ LTALWS - - bBK_A
S Hal
= 1 A LHCb* (-4.5 <y <-3.5) CD_BGK CGC IPsat
o | Syst. exp. CD_GBW --- GG-hs
5 I:I Syst. v flux CD_IIM -~ Impulse approx.’
iIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 100 200 300 400 500 600 700 800

b
e LHC measurement up to W/

Wy (GeV)

o Wy < 40GeV: rapidly rising

CMS, PRL 131 (2023) 262301
ALICE, JHEP 10 (2023) 119

® ALICE, LHCb vs. IA

* |A: neglects all nuclear effects

- Data close to |IA at low W

- Data significant lower than IA
at W~125 GeV (x~10-3)

ALICE, PLB 798 (2019) 134926
ALICE, EPJC 81 (2021) 712
LHCb, JHEP 06 (2023) 146

~ 800 GeV

® 40 < Wf]\’? < 800 GeV: nearly flat with a much slower rising

Shuai

Yang

Third EIC-Asia Workshop
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CMS PbPb 1.52 nb™ (5.02 TeV)

IIII|IIIIIIIIIIII_I‘J,.-l-'*|IIII|IIII|IIII|II
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® LHC measurement up to

600

700 800

o Wy < 40GeV: rapidly rising

o(y+p — Jiy+p) (nb)

Models / fit to data

Coherent J/iy production vs.
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CMS, PRL 131 (2023) 262301

ALICE, JHEP 10 (2023) 119
ALICE, EPJC 79 (2019) 402

NLO BFKL
CGC (IP-Sat, b-CGC) |

13 F
12 E
11E
1

L A A -'~L

N e B ORI IR PR o S Ee s8 ¥ siuor, v o )
CTTR O .. 4 ¢ 00 0 & AT )
N MO OOOO OO S S It

i A A i A A PR |
30 40 50 60 102

10°
W,, (GeV)

® 40 < Wf]\’? < 800 GeV: nearly flat with a much slower rising
Third EIC-Asia Workshop
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What physms could be behlnd’?

CMS, PRL 131 (2023) 262301 CMS PbPb 1.52 nb (5 02 TeV)

ALICE, JHEP 10 (2023) 119 L L O B N
107" [
re)
S
o
al
LO pQCD: <
. = :
; ® CMS — LTA_SS — bBK_GG
oo (G | |
& 10—2 Y O ALICE --LTAAWS =-- bBK_A .
= A LHCDb* (-4.5<y <-3.5) CD_BGK CGC IPsat ]
o Syst. exp. CD_GBW --- GG-hs ]
Syst. y flux CD_IIM --- Impulse approx.]
N TR FEET SN PN FE TS SN NREE i

0 100 200 300 400 500 600 700 800
Pb
W (GeV)

. . Splitting Recombination
® Direct evidence of gluon 2
saturation? ] (ﬁ; Saturation % .

Shuai Yang Third EIC-Asia Workshop 14



Another novel regime of QCD: BDL

® Total Cross sectlon dlpole nuclear mteractlon —>7ZR2

- Black disk limit (BDL): the nuclear target becomes totally
absorptive to incoming photons

1nel L 2
JpQCD < Oblack = ﬂ-R target

Frankfurt, PRL 87 (2001)192301
Frankfurt, PLB 537 (2002) 51

Shuai Yang Third EIC-Asia Workshop
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Another novel regime of QCD: BDL

® Total Cross sectlon dlpole nuclear mteractlon —>7ZR2

- Black disk limit (BDL): the nuclear target becomes totally
absorptive to incoming photons

A 1nel L 2
JpQCD < Oblack = 7-‘-Iztarget

Frankfurt, PRL 87 (2001)192301
Frankfurt, PLB 537 (2002) 51

energy increase

® Early onset is possible before gluon saturation

iIf the dipole size is large
« Depends on the weakly vs. strongly coupled regime
and is not mutually exclusive with gluon saturation

Shuai Yang Third EIC-Asia Workshop 15



Another n0ve| reglme of QCD: BDL

CMS, PRL 131 (2023) 262301 CMS Pbe 1 52 nb’ (5 02 TeV)

ALICEJHEP10(2023)119 IIII|IIII | P | IIIIJIJ.J-?'IIII|IIII|IIII|II
10
o)
E
o
o
=
= 4%
! ®/ ® CMS —LTA_SS —DbBK GG
Q 402 | if O ALICE L A Vs - e |
o ]
- L A LHCb* (-4.5<y <-3.5) CD_BGK CGC IPsat
o [ Syst. exp. CD_GBW - - GG-hs
Syst. y flux CD_IIM --= Impulse approx.]
_i ]
:llllll[llllllllllll'llllllllllllllllllllll

0 100 200 300 400 500 600 700 800
Wy (GeV)
® Rapid grows reflect increased
In gluon density
Amplitude of interaction is
proportional to gluon density
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Another n0ve| reglme of QCD BDL

CMS, PRL 131 (2023) 262301 CMS Pbe 1 52 nb’ (5 02 TeV)

ALICEJHEP10(2023)119 IIII|IIII | P | IIIIJIJ.J-?"IIII'IIII'IIIIIII
o)
E
o
o
s | &
- ,.’,//
1\ @7/ ® CMS —LTA SS —DbBK_ GG
Q 402 | if O ALICE L A Vs - e |
o [
- L A LHCb* (-4.5<y <-3.5) CD_BGK CGC IPsat
o [ Syst. exp. CD_GBW --- GG-hs
Syst. y flux CD_IIM --= Impulse approx.]
_i .
:lllllllllllllllllll|llll|llll|llll|llll|ll

0 100 200 300 400 500 600 700 800

Wy (GeV)
® Rapid grows reflect increased  @® Slow grows may suggest the
iIn gluon density periphery of the nucleus has
« Amplitude of interaction is not become fully “black”

proportional to gluon density

& &“‘

energy increase
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\t\ spectrum of mccherent J/z,b

10 E

ALICE, Pb-Pb |5, = 5.02 TeV

3.0<m,, <32 GeV/c?
lyl <0.8

Jhp = pt

UPC,L =232 =+7 ub”

—4— data

—— coherent J/y

—— incoherent J/

—— inc. JAp with nucleon diss.

-+ Jhp from coh. ¢' decay

-+ Jp from inc. y' decay
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® First experimental step to use quantum fluctuations of the gluon
field to search for saturation effects in heavy nuclei

Shuai Yang

Third EIC-Asia Workshop

17



Future opportunities at LHC

2021 2022 2023 2024 2025 2026 2027 2028 2029
J|FIMAM|]|J|A[S|ION|D[J|FIM/AM[]|]|A[S|OIN[D]] |FIMAM[] |] ASON[DJ]FMAMJ J|A|S|ON|D|J|FIMIAM|][]|A[S|O|N|D[] [FM[AM[] JASONiDJ FIMAM] JASONiDJ FIM/AM|J|J|A[S|O|N[D|J [FIMAIM[] |1 |A|S|ON|D|
[ Run | [ Long Shutdown 3 (LS3)
Shutdown/Technical stop
Protons physics
Ions
Commissioning with beam
2030 2031 2032 2033 2034 2035 2036 2037 2038 Hardware commissioning/magnet training
J|IFIMAM|]|] ASONiDJ FIM/AM|J|J|A[S|ON[D|J [FIMAM[J|]|A|S|ON|D}] |FIMAM|] JASONiDJ FIMAM|][J|A[S|ON|D[] |[FM/AM[]|]|A[S|ON|D|] [FIMAM[] JASONiDJ FIMAM|J|J|A[S|O|N[D|] [FIMAIM[]|]|A|S|ON|D|
Run 4 LS4 Run 5
® Exciting opportunities ahead o
: ; w Xe/Kr Ar/O
* Higher luminosities R — ’> _____ >
» Various ion species vs. Y
» Detector upgrade with new ) <‘ -----
technologies

® UPC programs
- Various vector meson productions in yPb with neutron tagging

» System size scan with different ion species
 Incoherent vector meson productions

« Photoproduced (di-)jet measurements
Shuai Yang Third EIC-Asia Workshop 18



Summary

® For the flrst tlme dlrectly dlsentangled Coherent Op— Jpya 1N

ultra-peripheral A+A collisions
® Probed a new low-x gluon regime (10-%) in Pb nucleus
* Flattening of coherent 6,4 _, ;4 at high Wﬁ\? not predicted by

theoretical models
® Search for saturation effects with incoherent J/y in heavy

. CMS PbPb 1.52 nb! (5.02 TeV)
nUC|eI IIII|IIII L IIIIJ‘_I_J‘.J-"I'llllI|IIII|IIII|II
107 [
o
£
o
o
= :
- I.’,,/
! ®/ ® CMS —LTA_SS —DbBK_GG
o 102 4 O ALICE --LTAWS -- bBK_A i
o - ]
= i A LHCb* (-4.5 < y < -3.5) CD_BGK CGCIPsat |
o . Syst. exp. CD_GBW -- GG-hs
\j Syst. y flux CD_IIM --= Impulse approx.T
_i -
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

0 100 200 300 400 500 600 700 800
Wiy (GeV)
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Thank you for your attention!



Event display

© Distinctiy
. Low activitie drward calorimeters
» Exactly two tracks identifies as muons



A clean prcbe of gluon structure

B photon-nuclear LO pQCD gVM o ﬂUX ® [XG( )]

(\ Interactions
51 ® \Well defined kinematics
p, I, ... W= MV e — MVM etV
U s > 2E,
1 W}/ZN = 2EbeamM VMeiy

® Low Q2~0, but heavy quark mass
can provide a hard scale for pQCD

® Coherent: average gluon distribution

® Incoherent: event-by-event fluctuation
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Determine neutron multiplicity

.10° CMS bPb 5.02 TeV CMS PbPb 5.02 TeV

,E:-_ ¥ p—p——— prm—— -q-_‘“F_:-._ ¥ 105:: ................................................. ::

LS
=

0 1 |. L= -. o i : _ . -'-"",-'-:'"J'--'-—.'—' 10 -. NP E N Y S| L ‘ ...... w.' ...... ?\ .......... ‘h' . .-X103
0 5 10 15 20 25 30 0O 5 10 15 20 25 30 35 40 45 50

CMS, PRL 127 (2021) 122001 ZDCps (A1) ZDC

® Straight cuts to disentangle neutrons
* OnOn, On1n, OnXn, 1n1n, 1TnXn, XnXn (X=2)

Minus (a'u')

% erneutrons 0000 = %
More neutrons %
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EM dissociation correction

® The correction can be obtained by inverting migration
matrix
( NOO \ Obs / P(())g 0 0 0 \ ( NOO \ True
0

N T 90 %5 O ]| Nxo
\N ) \POO POX PXO PXX \NXX)

® The matrix element can be obtained from zero-bias
fraction

e Py = foo

o P = fox: Pox = foo + fox

o Py’ = fxo, Pxo = foo + fxo

o Py = fxx, Pk = fxo+ fxx Pxg = fox + fxx Pxx = foo+ fox + fxo+ fxx =1

f 00 f 0X f X0 f XX
Fraction | 0.889779 | 0.0530636 | 0.0508458 | 0.00631169
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Nuclear gluon suppressmn factor

CMS, PRL 131 (2023) 262301

CMS PbPb 1.52 nb (5.02 TeV)
| | ||||l|| | | lllllll | | ||||||| | | .VII:
1+ Pb + Pb — Pb + Pb + JAy
g : ® CMS o+ E691y + Pb — J/p + Pb
L 09 0O ALICE*(-4.0<y<-3.5)
> _ Yy
A gA(x, Qz) ) [ O ALICE* (yl <0.15) HHH
Rg = 5 O os8f & LHCo* (45<y<-35)
A : gp(X, Q ) : - Syst. exp.
| 0.7 [ ] Syst.y flux _
P ",
}/A—>J/1//A =. 0.6f N
— X Tk — LTA.SS — bBK_GG
Glﬁ—xl/ A s B -- LTAWS -- bBK A -
v Y DEEO’ 05F CD_BGK ~--- GG-hs -
[ .- CD_GBW i
0.4 E_;’,: -7 CD_IIM ]
. : ] ||||||| ] ||||||| ] ] ||||||| ] L1 1
107 107 107° 107

Bjorken x

® R?:nuclear suppression factor at LO approximation

- Aflat trend at high x (~3x10-3 - 5x10-2)
- Rapidly decreasing towards very small x (~6x10-5)
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ALICE, EPJC 81 (2021) 712

ALICE, JHEP 10 (2023)

119 CMS, PRL 131 (2023) 262301
LHCb, JHEP 06 (2023) 146

ALICE, PLB 798 (2019) 134926

Coherent J/iy production vs.

Pb

ALICE, EPJC 79 (2019) 402

-1 ~ } y X
CMS PbPb 1.52 nb™ (5.02 TeV) 40 e 107 o —
T T T T T] T T T2 T T 11 2 ° ALICE I
Pl a ¢  ALICE (PRL113 (2014) 232504)
® CMS x" +> Power-law fit to ALICE data ¢‘
Pt S O H1 Qe
10-'F © ALICE e T v ZEUS 4 Q@‘éﬁﬂ@ ge=s
B . e o 'e) LHCb pp (W+ solutions) g el

o) A LHCb* (-4.5<y <-3.5) e % [0  LHCb pp (W- solutions) Vit
é i Syst.exp. T = L 107 -
—~~ T levs e e =T e - ¢ -1 * ccT 3
o) I:I Syst.y flux 7 -l gl 1 F LegY L JMRT NLO
D_ - e el 4  eE»><>SrT STARLIGHT param.
= NLO BFKL
>D = CGC (IP-Sat, b-CGC)

! —LTA_SS —bBK_GG s = 3
O 10—2 | — - 13 ;— =
(ol --LTAWS -- bBK_A 8 12 E 3
= DLl S —— s 3

CD_BGK CGC IPsat L) L o S T e o s e L T
© % 1E A T e 3
CD_GBW -- GG-hs = 09F i e
i CD_IIM --= Impulse approx. 83 é_ -E
i 3 o
’- | | | | | | I I I I I I 06 C i " i M i PR | i L " i i L a1l =

5 3 20 30 40 5060 10° 2x10° 10°
10 Pb1 0 10 W,, (GeV)
WoN (GeV)

Shuai Yang

vA — J/yA

Third EIC-Asia Workshop

26



Saturatlon VS. shadowmg

® Both relate to the same concept denS|ty of gluons N
NPDF at small-x is reduced w.r.t. the simple addition of

the gluon PDF
® Saturation: Dynamical description via gluon self-
interactions that tame the growth of gluon

® Nuclear shadowing: Gribov-Glauber model of multiple

scattering
8

evolution

pQCD s: 8 J/
equation I

In Q2

saturation

) Impulse Approximation double scattering
{Qs(x) (no nuclear effects) .
o, *« 1

non-perturbative region ag ~ 1

In x
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Theory description

* Impulse approximation (IA): Photoproduction data from protons, does not include nuclear effects
except coherence

* STARIight: Photoproduction data from protons + Vector Meson Dominance model, includes multiple
scattering but no gluon shadowing

* EPS09 LO: parametrization of nuclear shadowing data
* LTA: Leading Twist Approximation of nuclear shadowing

* [IM BG, IPsat, BGK-I: Color dipole approach coupled to the Color Glass Condensate formalism with
different assumptions on the dipole-proton scattering amplitude

* GG-HS: Color dipole model with hot spots nucleon structure

* b-BK: Color dipole approach coupled with impact-parameter dependent Balitsky-Kovchegov equation
 JMRT NLO: DGLAP formalism with main NLO contributions included

* CCT: Saturation in an energy dependent hot spot model

* CGC: Color dipole model

 NLO BFKL: BFKL evolution of HERA values

 STARLIGHT: Parameterization of HERA and fixed target data
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Shuai Yang

Theory description

Impulse ag)pr()ximation: Exclusive .
photoproduction data off protons, neglecting all
nuclear effects except coherence.

STARIight: Vector Meson Dominance model
with Glauber-like formalism to calculate cross
section in Pb-Pb

EPS09 LO parametrization of the nuclear
shadowing data

Leading twist approximation (LTA) of nuclear
shadowing

CCK: Color dipole model with the structure of
the nucleon described by the hot spots

BCCM: Color dipole approach coupled to the
solutions of the Balitsky-Kovchegov equation

GM, LM, LS: Color dipole approach coupled
to the Color Glass Condensate formalism with
different assumptions on the dipole-proton
scattering amplitude

~ 14

do/dy (mb

ALICE, EPJC 81 (2021) 712

.']llllllllllllIllllllllll

ALICE Pb+Pb — Pb+Pb+J/ly \s,, =95.02 TeV

& ALICE coherent J/y
- - = - Impulse approximation
SRR STARLIGHT
—— EPS09 LO (GKZ)
-.== LTA (GKZ)
~= |IMBG (GM)
— — |Psat (LM)
- BGK-I (LS)
- = == GG-HS (CCK)
~— = b-BK (BCCM)
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