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UPC as a Y-p, Y-Pb collider

-

[Phys.Rept. 458 (2008) 1-171]
Ultra-peripheral collisions:
d  Strong EM fields produced by Lorentz-contracted nuclei. \ / /
d  Occurs when impact parameter(b) is larger than the sum of their radii(R ,+ R ). Z
A  Two ions interact via their cloud of virtual photons. O

b>R 4R,
High photon flux:
d  Well described in Weizsacker-Williams approximation (quasi-real photons).
Q  Photon flux proportional to Z2
A High cross section for Y-induced reactions.

Characteristic properties:
Low momentum transfer UPC/CEP
No additional particle production
Hardonic interaction strongly suppressed
Heavy ions:

d 30 times energy avaliable

d  multi-photon excitations

(M Wy
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https://inspirehep.net/literature/753911

Quarkonia photoproduction in UPC

A A A

A = To image the necleon/necleus struture:
@  Nucleon and nuclear PDF

v’ Negligible regeneration

‘ ’ v’ Negligible co-mover dissociation
v A much cleaner probe
® Small production cross section

Test Q  Gluon shadowing effect, saturation effect
e? Q  Gluon density distributions at low-x
0]
A/ m2+p2
QCD = Loy n 1075~ 102
N
d  Ratio of charmonium indicates the correct vector
a) Coherent photoproduction b) Incoherent photoproduction meson wave functlon In
photon interacts with a pemeron photon interacts with a pemeron O dipole scattering models Lz 772 zo17) 832, pre o) o11g02]
emitted by entire nucleus emitted by a single nuclen
2% 0. GeV/.)2 ~
p2~0.001( GeV/,.) p2~0.05(GeV/.)?
; Charmonium
| e @ v/large cross section
- s - o - e E % Sizable regneration
Test N . ta\\‘ ! % Sizable co-mover dissociation
of A Sed.\“‘{ A |
QED 215CWS ~ | .
ﬂ()t N _ | Bottomonium

c) Photon-photon interactions
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Results from
‘ Ultra-peripheral collision @PbPb

1. Coherent J/y photoproduction at forward rapidity in ultra-peripheral Pb-Pb collisions at

YsNN = 5.02 TeV @ALICE
[Physics Letters B, (2019) 798:134926]

Coherent J/yp and g’ photoproduction at midrapidity in ultra-peripheral Pb-Pb collisions

at sNNV = 5.02 TeV @ALICE
[Eur. Phys. J. C 81 (2021) 712]

Study of coherent J/y production in lead-lead collisions at VsNN=5TeV
[JHEP 2207 (2022) 117] @LHCb

Study of the coherent charmonium production in ultra-peripheral lead-lead collisions
[arXiv:2206.08221] @LHCb
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http://dx.doi.org/10.1140/epjc/s10052-021-09437-6

Quarkonium UPC PbPb @45.02TeV

ALICE

FO rward Y [Physics Letters B, (2019) 798:134926] M id Y

[Eur. Phys. J. C 81 (2021) 712]

~
I~

Q[ ALCEPOPb > PotPbwlly sy =5.02TeV | 21 iGE Ph+Pb - Po+Pbrily o= 502 TeV Sé‘”- CE PD*PD — PD*Pbvy (S0, = 5.02 TeV
T L[] ALICE coherent Jip C , =
> b6— - 4 @ ALICE coherent iy N
o 6: === [mpllse Approximation J/lp 12_— - - - - Impulse approximation J/l.p %‘25_ C1 ALIC lp(ZS)
o) [ =pesen STARLIGHT /,’ [ .-~ STARLIGHT - X
O [ —— EPS09LO (GK2) - L EPS02LO (GK2) 8 |
S e LTA (GK2) 10f= - - LTA(GKZ) g EPS09 LO (G
E ---- GG-HS (CCK) p 1 r IIM BG (GM) 20~
L — - IPsat (LM) ) [ — - IPsat (M) - (LEEE-(EK‘(Z:)CK
Toopakts AT =1 T Tlcemser e (O
= lIM BG(GM,)/,, - e 7 e ( )
B ’ 6 T o [
i : e o e
- 4= : Simemrmimin
1= . . ot J/y—ere- L s W't
i " = J/lp"l-l’l-l' o Y —etre-T+n-
C J/y—prp- P = e NI
N T B e a5 3 gl/espebar oobl—— L1 Pl
42— -4 =836, 34 32 J- 28 =& 24 22 4 -3 -2 -1 0 1 T4 -3 -2 -1 0 1
| ~95% large-x I | ~60% low-x I y y
| contribution | | contribution | . .
e e e e = = - e e e e = = - EPSo09 LO central set in agreement with data.

The other majority of color dipole models overrpredict the data.
STARLight model and Impulse Approximation overpredict data.  Nuclear gluon shadowing factor at x~ (0.3, 1.4) x10-3:

The other majority of color dipole models underpredict the data.  J/y = 0.64 £ 0.04 , P(2S) = 0.66 * 0.06.
Nuclear gluon shadowing factor at x~ 10-2-0.8
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https://www.sciencedirect.com/science/article/pii/S0370269319306483
https://link.springer.com/article/10.1140/epjc/s10052-021-09437-6
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Quarkonium UPC PbPb @45.02TeV

[t] = square of the momentum transferred between incoming and outgoing nucleus

ALICE

[Phys.LeF.B 817 (2021) 136280]

< 10 ALICE Pb+Pb — Pb+Pb+J/y  |[Sy, = 5.02 TeV =
T ]
O M ALICE coherent J/{7, |y|<0.8 . .
b [ Cimm F Experimental uncorrdlated syst. + stat. | Dependence on | t | of the photonuclear cross section for
o} R .

N o Experimental correlated syst. - H
E T A th_e coherent phc?to. production of J /y off Pb compared
s BE— ] with model predictions.
\f \\\_\ J/lp
g | St |

gl S B [  Probes the transverse partonic structure of the nucleus

r e Mg ]

L& N ™ 2l

- — STARIight (Pb form factor) e S . d  Poor description by STARLlight model (driven by nuclear

~ —-= LTA (nuclear shadowing) &K =1

- — - b-BK (gluon saturation) \{\' = form faCtor)

N ¥
. . . . d  Agreement with models including nuclear shadowing (LTA)
©
T ol ° o STARight/ Data_| and gluon satura=on (b-BK)
e 15 = = o LTA/Data |
° g B 5 ° b-BK/Data
Tl ——— S ———————
= 0 0.002 0004 0006 0008 001 0012
It] (GeV? ¢?)
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https://www.sciencedirect.com/science/article/pii/S0370269321002203

Quarkonium UPC PbPb @5.02TeV

5.0 L A AL AL L B B B e S Guzey etal.
s e T E LHCb
5.0 E . SR LHGb = g 5 e 5TeV —iTaw
A5 B N3, PbPb /sy = 5.02 TeV 3 = : NN = — LTA.S
P S - "":-n,_‘ ’;\\ Coherent J /1 production 3 % * 10 ub" N
=2 4. ; ]\ .. W Luminosity unc. : 4.4% —; ~ -,
H.35E N \\ = '-8 + data Ofcaliesetl, 2015 Pbe [JHEP 2207 (2022) 117]
2 : LAY 3 — IP-SAT+GLC
= 3.0 e g.'\’\\'\» J/l‘p E N *++ IM+BG
b B s~ g & = C o
SYE §~‘~~~ N 3 - ‘epila et al.
S20F N 3 s — GGhs+BG First UPC measurement at PbPb
= 15 B T = - v GS-hs+BG .
YEHE BNE 1k il collision at LHCb.
0.5 F J/ppep- NN\ g —smac  Baseline for LHCb 2018 UPC
Hehd u| K L l [ L
0() E a1 P RN | I | R E T & 0 L L == no fluct. +GLC .
0 1 2 3 4 5 0 2 4 analysis.
Yy y
® data
stat. unc.
RS T o e o e e e Tyt ns . iltdqt: .
LHCb Guzey et al. 0.40 2L L e 2018 Pbe [arXiv:2206.08221]
PbPb ,/3xy = 5.02 TeV s 035 FRatio  LHo Guzey el al.
Seb | Rl e S| 0.30 PbPb oy =502 Tev I T The most precise measurement
Luminosity unc. : 4.4% Krelina et al. < E Coherent ¢(285)/.J /1 production 3 —— Epgog

>
GBW+BT ? 0.25

Kreling et al for coherent J/y production in

-==- GBW+POW

A I A O A R T

doy(s)/dy* [mb]

N z e T e i L M= S GBW+BT . . .
o, W(2S) | —ssmenr T 2020 s S GBwArOw PbPb UPC in the forward rapidity
0.5 F =i TR e GG-hs+BG Q@ Fmemmemmeeeeo —— KST+BT
i IR ] M et ?213 T . to date!
\\' Ty & ~u == No fluct x X - ——— e e i \ Eillt)'Sﬂﬂ_l'l et at.
: Y- 2. % : Gongalves et al. 0.05 E_ . == No fluct. +BG The ﬁrSt COherent l/}(ZS)
ol 4 I E g ow G om g ey vy R bCGC+BG g o Gongalves et al. . . e
0.04 . 3 - ’ 5 bOGCHGLe g E Ll ;;;;;;;Q;;gggigfc measurement in forward rapidity
e coob 2 st Dok region at the LHC!
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https://arxiv.org/pdf/2206.08221.pdf
https://link.springer.com/content/pdf/10.1007/JHEP07(2022)117.pdf

Quarkonium UPC PbPb @5.02TeV

ch
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The first and most precise measurement of the coherent J/y and y(2S) production cross-section vs. pT in

PbPb UPC to day.
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https://arxiv.org/pdf/2206.08221.pdf

Quarkonium UPC PbPb @45.02TeV

The LHCb 2018 J/y measurement is
compatible with LHCb 2015 and ALICE
results.

The difference between the LHCb 2018 and
LHCb 2015 measurement is about 2.00.

LHCb 2018 is compatible with ALICE result.
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[arXiv:2206.08221]

[Physics Letters B, (2019) 798:134926]
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https://arxiv.org/pdf/2206.08221.pdf
https://www.sciencedirect.com/science/article/pii/S0370269319306483
https://link.springer.com/content/pdf/10.1007/JHEP07(2022)117.pdf

v.s PC

Peripheral collisions:
d  Strong EM fields produced by Lorentz-contracted nuclei.
a  Occurs when impact parameter(b) is smaller than the sum of their radii( R4+ Rp). S
Expected types of interactions: & TR \\ / /
3  Photo-produced: e e AN
coherent interaction of the large electromagnetic fields generated b<2R {“‘RA" """""" R
by the projectile with the target nucleus. el WdB_O
Q  Hadronic interaction: 7
Nucleus breaks up, with larger pT transfered. / \\
Hadronic production Coherent photo-production // \\
PC

QWG 2022(@GSI Darmstadt)
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Results from
‘ Peripheral collision @PbPb

P e e e i T T T T

/

I J/y photoproduction in Pb-Pb peripheral collisions at vsNN = 5 TeV @LHCb

I [Phys. Rev. C 105, L032201]

| 2. Photoproduction of low-pT J/y from peripheral to central Pb-Pb collisions at 5.02 TeV @ALICE
[arXiv:2204.10684]

[

|
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Quarkonium PC PbPb@sTeV LHCb

ch

Limited to 60-90% centrality.

[Phys. Rev. C 105, L032201]

First measurement in PbPb

0.6210° 0.5%10° hadronic collisions at LHCb
";U}\ 3 :‘ T ] "é\ ) T ]
> r LHCb ] = L LHCb Z
;} 0.5 PbPb |5 =5 TeV & 5 0.4~ PbPb VSan =5 TeV + Data - o 220p d E
> E ] 1 > K ! I 200F FHEP 3
) 0 4:_ Photo-produced J/\y — Ut —§— Data E ) 5 Photo-produced J/y — up NGBHaNaR S . = s ZI;/Pb E ; 2 I;\; 3
Th SNg=10.7192 + No overlap effects 030 20<y<45 B 2 160E 3.0 . <32 GeV/e =
P <250 MeV/c o Overlap effects 7 b p <250MeV/e v Overlap effects E 2 140E 20<y<45 E
0.3¢ ] C ] 120F Nay=277%19 + 3
r + 1 0.2f - 100E. —3— Data E
0.2 :_ _: L 1 _+— ] 80;— ==+ J/y hadro-produced _E
o 0 o 6 ﬁ+— ] 0 1:_ ‘ % _i GOE: B2 -produced _E
0.1; 6, E o vty RT PPN TS TS F AT R AL o000 : (\43: E
C —— ] L ] 3
ob—1 c g iy . L ! ! [ g o : TR A— E
2 3 4 10 20 30 5 15 20
Ying <N In(p2/[MeV?/c])
. . o . L — ol R I N I B
[d  Consistent with J/y photo-production in PbPb hadronic collisions = { LHCb 1
. . S 250 PbPb (S =5TeV
[d  Most precise pl measurement to date in PC. SR 1
g 2 * Photo-produced J/y — Hi
[d  Results compare with one model with two assumptions: =~ F . 20=¥<4:3 1
. , =) - <N_,>=19.7£9.2 —
[  Nooverlap effects between the nuclei (UPC-Llike but small IP) o 1'5; | & 6%6 pae 1
Q@  Overlap Effects B O Wy, B
= F o overlap effects
[W. Zha et al. Phys. Rev. C97 (2018) 044910 / Phy. Rev. €99, 06901(R)] > sk & ) o OrelipesE
a Trend is consistent, but the data is over above the predictions. = F4s WA L 1
ke 1 L | 00esenseesttnessapenssaedosesd
0 0.05 0.1 0.15 0.2
P, [GeV/c]
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.L032201

Quarkonium PC PbPb@5sTeV Alice

Forward Y [arXiv:2204.10684]
& 700 e
= - ALICE, Pb-Pb |s, = 5.02 TeV Models ]
= 600 . - - IIMS2 —1MS3  —]
2'\‘5 - Jy -» gy, 25<y<4 - - GBW S2 — GBW S3 3
o 500 e <0.3 GeV/c -=- GG-hs .
= [ Cent. corr. syst. uncert. = 6.5% VDM .
400 - s -
300 - e o iy
200 k== NLIN T° 4
= — & ]
100 -
0:....I....I....I....I....I....I.... v
0 50 100 150 200 250 300 350 400
V.0
>
->  Effective photon flux for IIM and GBW S2 and

fairly describes data over the full centrality range.

Mid Y

[ALI-PREL-503800]

3 700 L T T I T T T I T T |W IZh T || T l T T M
- . % —_— L t al. -
= - ALICE Preliminary Phys. Rev Co9 (2019) 061901
k- 600 = pp-pb, {5 = 5.02 TeV - - - M.B. Gay-Ducati et al. (GBW S2) ]
S B Snde e
>bS 500 - Jy - e'e, [y <09 —— MB. Gay-Ducati et al. (IM S3) ~ _]
5 E ) <02GeVic Phys. Rev. D97 (2018) 116013
C T . ]
400 - Global syst. uncertainty: 2.2% T B R A 5019) 024901 7
200 ﬂ —
100 -
0 S T T T SR

20 40 60 80
[N,.0

No centrality dependence of the coherent J/psi photoproduction cross section within uncertainties.

‘ Additional modification of the photonuclear cross section (S3) needed for IIM and GBW to describe semi-central to central events.

>  Effective photon flux and modification of the photonuclear cross section for

>  GG-hs valid only for peripheral collisions.
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: describes mid-rapidity data.

ALICE
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Results from
‘ Ultra-Peripheral collision @pPb

1. Measurement of exclusive Y photoproduction from protons in pPb collisions at vsNN = 5.02

TeV @acMs
[Eur. Phys. J. C (2019) 79:277]

’———N
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Y(1S) UPC pPb@5.02TeV CMS

nb/(GeV)?

2
T

z BY(nS)—> Ty d(",Y(nS)/d':)

3

-
o

T

£
S

-

T T T

o

pPb 32.6 nb™* (5.02 TeV)

T

—e— Data

x? minimization fit to data

e Vi 1| [ TR P i [

o8 1
P2 (GeVy

02 0.4 06

Data points are placed along the
abscissa following the prescription of x2
minimization fit. [0168-9002(94)01112-5]

Solid line is an exponential fit of the
form e-prT
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—e— Data

— fIPsat
— |IM-BG
— IIM-LCG
...... bCGC-BG
[ JMRT-LO
[ JMRT-NLO

Most theoretical predictions are
consistent with the data, within the
relatively large experimental
uncertainties, with the

results being systematically above the
data points as well as all the other
calculations.
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Oy viasyp (PD)

10°

(2]
=
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[Eur. Phys. J. C 79 (2019) 2771 :

T T T TTTTH

T T T

T T
—.L— ZEUS 2009 (e-p)
—&— ZEUS 1998 (e-p)
—=— H12000 (ep)
———— LHCb (p-p, 7.8 TeV)
—@— CMS (pPb, 5.02 TeV)

pPb 32.6 nb™! (5.02 TeV)

— fiPsat
— IIM-BG

— IM-LCG

---+ bCGC-BG
[JumRT-LO

(] JMRT-NLO

= Fit CMS: 5=1.08+0.42
—— Fit HERA+CMS+LHCb:

Ll

ol

$=0.7740.14

oo

10° W, (GeV)
The data are compared to the
predictions of the JMRT model,
including LO and NLO corrections.
A fit with the power-law function in
the entire Wyp range of the data
yields © = 1.39 and & = 0.84 for the
and NLO calculations, respectively.
: steeper increase
NLO: measured rise
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Summary

Resent the results of quarkonium photo-produced production in nucleus collision(pPb, PbPb) at LHC:

In PbPb collison:
UPC physics:
Coherent J/y photoproduction at forward rapidity in ultra-peripheral Pb-Pb collisions at VsNN = 5.02 TeV @ALICE
Coherent J/y and @' photoproduction at midrapidity in ultra-peripheral Pb-Pb collisions at SNNY = 5.02 TeV @ALICE
-  Moderate gluon shadowing in nucleus
> lt| dependence sensi;ve to transverse parton distribution in nucleus
- Described by models with shadowing or saturation
Study of coherent J/y production in lead-lead collisions at vsNN=5TeVaLHcb
Study of the coherent charmonium production in ultra-peripheral lead-lead collisionsaLHcb
-  The most precise measurement for coherent J/y production in PoPb UPC in the forward rapidity to date
=  The first coherent ¢(2S) measurement in forward rapidity region at the LHC

PC physics:
Measurement of photo-produced J/y in peripheral PbPb collisions @LHCb
Photoproduction of low-pT J/y from peripheral to central Pb-Pb collisions at 5.02 TeV @ALICE
-  No centrality dependence of the coherent J/psi photoproduction cross section within uncertainties.

In pPb collison:

UPC physics:

Measurement of exclusive Y photoproduction from protons in pPb collisions at VsNN = 502 TeV @CMS
-  Cross section as a function of Y, pT, Wyp are measured and compared with models.
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What can photoproduction probes?

= To image the necleon/necleus struture: In

In spatial space:

d  tspectrum of coherent photoproduction is releated
to the size of gluon emitter.
d  Control UPC geometry

Pro(b)

UPC

STARLIGHT 3.13 |

LHC beam energy
— XnXn 1
— 0nOn

XnOn

10 10?
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In Q%

t3

It

momentum space:
d  Nucleon and nuclear PDF
d  Gluon shadowing effect
Q  Gluon saturation effect
d  Gluon density distributions at lew-x
a
Pb
Shadowing Ra
14 i 1.4 :
= 12 f= 12 5
O 10 10 FwE === HIPDF2000
=2 = b
< o8 08 [ * [ [ESSS ZEUS-SPDF
~" 06 TR 0.6 s
T 04 P4 04
----------------------------------------- £2 02 L : 0.2 )
Incoherent/Breakup = 0.0 e--—-7Anti-shadowing 0.0 > a6
' 10 10* 10" 1 A
) S
X 05
Coherent/Elastic - i
QE(x)
‘ ... s 03
% DGLAP i

saturation
non-perturbative region ag~1 0 10° 107 10!
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Heavy lon Collision at LHC

= All LHC experiments have joined the LHC HI program

d  Runi(2010-2013): Pb-Pb@2.76 TeV, pPb@s TeV
Run2 (2015-2018): Pb-Pb@5 TeV, pPb@sTeV, pPb@8TeV, fixed target(@LHCb)

Run3 (2021-2024): Pb-Pb@s5 TeV, fixed target, SMOG2
Run4(2027-2030): TBD..

a
a
a

107

8.16 TeV pPh Other Collision Systems
I LHChH LHCD 110 GeV
B ATLAS/CMS I HERA

Il ALICE
ALICE Muon
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e — &
P Gas

10!
(He,Ne, Ar...)

Saturated r
107F 1072 1077 1073 102
xr

1077 10"

ALICE: Heavy lon, Low pT, PID, Open charm, Charmonia..
CMS/ATLAS: Bottomonia, Jets, High pT, EW probes..

LHCDb: Fixed target, Low pT, Hight precision
LHCb as a special detector down to very low-x region
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