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Ultraperipheral Collisions

Heavy 1ons moving at ultra relativistic speeds

Cross each other with an impact parameter b > R, + Ry

Lorentz contracted EM fields — Flux of quasi-real y « Z*

(0% < h*/R?)

Interaction via photon- photon or photon-nucleus

.

)\Coherent )\Incoherent

How can photons probe the gluonic structure ?
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Vector Meson Photoproduction

® Vector meson photo production directly probes gluonic structure.
® Quasi-real y fluctuates to a qg pair
® (g scatters elastically — J/W¥
® (Coherent vector mesons photo-production « (xg(x, O?))?
—>
® Final state : Vector mesons (p°, J/¥, ¢....) By
Pb, Xe] [Pb, Xe]
i " s I ¥, p) Final state kinematics :
T S S - My Ty
; = = X = e ) =
B = \/Snn
[p, Pb, Xe] k1 [p, Pb, Xe] W2 — M ty
= Myp\/Sii - €
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® Low x : Gluon dominance Increasing
. , gluon
® High x : Quark dominance density due to
Gluon splitting

® Indefinite growth at small-x
region

o

“Gluon starts to overlap and recombine”

SATURATION ?

Gluon Density

V. \\\ 1

EPJC 75, 580 (2015)
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J/¥ Photoproduction in yp

Alice, EPJC 79 (2019) 5, 402
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————— CCT E /\
—mma JMRT NLO )
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S 1.3F -
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/ RA ~ A3

Gluon density is enhanced by a factor of A
in nucleus compared to what 1n free nucleon
Saturation scale: Q7 oc A3

Easier to reach gluon saturation 1n the case of Nucle1
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Parton density probed (x) ——
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Photon resolution power (Q) —




Two way ambiguity in A-A UPC

doas_pA 1w -
— Vy/A
dy !

(@) . GyAeJ/‘PA’(a)l) T Ny/A(wZ) : 6yA—>J/‘PA’(a)2)

(a) photon emitter (b) . L
(higher energy) target Can we solve this two way ambiguity?

l

Impact parameter dependence:

bXan < bXnOn <b OnOn

D ) 'R p O (ZGI‘O Degree Calorimeter)

(lower energy)

CMS PbPb 5.02 TeV

B — Total fit -
: et -
eon

Symmetric Collisions :
Both 10ns can be photon emitter or target

---3n
Each point have a contribution of: Vi st s tase
low and high energy photon PR i i e 5 s e
S 10 15 20 25 30 35 40 45 50
ZDC,,. . (a.u.)

Phys. Rev. Lett. 127, 122001 (2021)
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Photoproduction

e -

Solution to two way ambiguity in A-A UPC

dOap_an 1w
dy — y/A(a)l) : GyAeJ/‘PA’(a)l) T Ny/A(a)Z) : UyA—>]/‘PA’(a)2)

Neutrons emission Controlling the impact parameter

l

—
—

. Pb’ ®
E - " bXan < bXnOn < bOnOn
" Pb @

Impact parameter dependence:

l

Quantity Photon flux Want to Photon flux Want to
measured from theory measure from theory measure
o da,gﬁonAA J/¥
—AA’ _ O0nOn 0nOn
dy = Nya(@)"" . Opp jpwal@y) + Nya(@2) ™ . 6,0 jrpal@r)
dUXZXHAA JIY
—>AA’ . OnXn OnXn
dy = Nya(@0)"" . 00 jpgad @) + Nyjy(@r) ™ 0,4 jppp@r)
d‘fﬁanA J/¥
—AA’ _ XnXn XnXn
dy = Nyp(@y) Oy p—grpal @) + Nyjp (@) . Opp— grpal @)
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Signal Extraction

CMS, Phys. Rev. Lett. 131 (2023), 262301
1 03 CMS - CMS -

~ Pb-Pb |/s = 5.02 TeV UPC ( AnAn ) - = Pb-Pb |/s = 5.02 TeV UPC (AnAn)

1.4r nn o ~—] Dat
. ® dala uu
16<ly1<1.9 O<p_ <0.2 GeV Fit: y2indf = 1.2 16<ly1<1.9
e Data —— Coherent Jhp E

----- Incoherent JAp
----- Incoherent J/Ap with nucleon dissociation
—— Coherent ¢ (2S) — Jp+X

——YY = up _

Fit: ¥2/ndf = 1.0
----- Jhp (6028 = 90)
—..-.(2S) (660 = 58)

----- YY = i ; 10°
Ry = 0.109 = 0.0095

R= 0.232 = 0.0194
f, =0.040 = 0.0033

Events / (0.02)
o

Events / (0.02)
X

0.8}
0.6}

0.4} P 10F
0.2} W _ [
028 3 32 34 36 38 4.2 0

Yields extracted by fitting mass peak 1n the range p, < 0.20 GeV/c

AnAn : All possible neutron emissions
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CMS, Phys. Rev. Lett. 131 (2023), 262301

ALICE, EPJC 81 (2021) 712
LHCb, JHEP 06 (2023) 146

J/'¥Y Photoproduction in yPb

dojpy

coh

NJ/‘P

dy — (I+fi+Jp). €y -Accypy . BRypy_ 5, - Lins - Ay

CMS_ | _PbPb 1.52 np'1 (5.02 TeV)

Pb + Pb — Pb + Pb + JAp AnAn ...

°F e cms -
—&— ALICE 2019

——o— ALICE 2021 PO < PR

4 s LHCb 2022 + +—Qi """"""""""""" . O

doJ/w / dy (mb)

N(Incoh
f1 = 1ncoherent fraction = ( J/‘P)
N(Cohyy)
N(Feeddown
fp = Feed down ratio = ( . )
N(Primaryny)

® CMS data cover a unique rapidity
region and follows ALICE forward
rapidity trend

® No theory can describe data over full
y range
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https://inspirehep.net/literature/2096906

J/'¥Y Photoproduction in yPb

CMS, Phys. Rev. Lett. 131 (2023), 262301 d coh N
Ojy JIY
ALICE, EPJC 81 (2021) 712 —
LHCD, JHEP 06 (2023) 146 dy — (I+fi+Jp). €y -Accypy . BRypy_ 5, - Lins - Ay
CMS PbPb 1.52 nb™ (5.02 TeV)
- Pb +Pb — Pb + Pb + JAp .
. IR : F.1rst coherent J/'¥ measurement from
i BT RN Lt ; different neutron classes
I = _
£ e QR T T T ® No model can describe the data in
> f P i different neutron classes
~ B ‘,"‘ /,e"“"— __________________________________ -
O PRIt RS g | .
) PRI T aaemmmmmmmTT : _ : _
Q| e e e OnOn OnXn XnXn Allow to disentangle the low- and high
10°F 7 e o) [©] [ paa - energy photon-nucleus contributions of
K R LTA_SS - :
e e e e ltAws a single y+Pb.
LT e e STARLight -
2 | | | |
—4 -3 -2 -1 0
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https://inspirehep.net/literature/2096906

CMS

Coherent J/W Cross Section in yYPb vs. W

CMS, Phys. Rev. Lett. 131 (2023), 262301
Alice, JHEP 10 (2023) 119

PbPb 1.52 nb™ (5.02 TeV)

o(y Pb — JAp Pb) (mb)

.
. -

J-’i"l|IIII|IIII|IIII|IIII|IIII|I

— LTA_SS

— bBK_GG

- - LTALWS -- bBK_A B

ALICE 2023 i

CD_BGK CGC |Psat |

LHCDb* (-4.5 <y <-3.5) |

CD_GBW == GG-hs 7

Syst. exp. CD_IIM -~ Impulse approx. |

i Syst. y flux i
!||||||||||||||||||||||||||||||||||||||||||||||
0 100 200 300 400 2500 600 /700 800 900

Eur. Phys.J.C 74 (2014) 2942
Phys. Rev. C 93 (2016) 055206
Phys. Rev. C 99 (2019) 044905
Phys. Lett. B 817 (2021) 136306
Phys. Lett. B 772 (2017) 832
Phys. Rev. C 97 (2018) 024901

04/06/24

WY (GeV)

ALICE, LHCDb vs. IA:
® Data is close to IA at low W.
® Data is significant lower than IA at

W~125 GeV.

New data from CMS:
® Rapid increase at W<40 GeV.

® Turn into a nearly flat (slower
rising) trend for W>40 GeV.

W2 — MVM\/ SNN . eiy
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CMS, Phys. Rev. Lett. 131 (2023), 262301

CMS PbPb 1.52 nb™" (5.02 TeV)
— I I IIIIII| I I IIIIII| I I IIIIII| I I .VII—
- Pb+ Pb — Pb + Pb + J/p ~
| e oms s E691y + Pb — J/y + Pb :
‘\'> 09F 0o ALICE*(-4.0<y<-3.5) HH n
O " O ALICE* (lyl <0.15) | i
;_5 0.8 A LHCb*(-45<y<-3.5) i —— |
I TP ]
- Systexp.
~ : yst.exp. = :
| 0.7 Syst. y flux > _
Q\ B -
=. i i
~ 0.6 —
X : — LTASS —bBK_ GG -
ﬁ - - - LTA_WS - - bBK_A i
m@ 0.5 r— CD_BGK -'- GG-hs
P CD_GBW i
04.:;’,/' CD_IIM -
: [ I L 1 1 1 111 I L1 1 1 111 I L1 1 I:
107 1074 - 10°° 107
Bjorken x
X =
04/06/24

Nuclear Gluon Suppression Factor

6P
Ry = ( )
¢~ \ A

yA—J/WA

Impulse approx. (IA)
neglects all nuclear effects.

® Rg represents nuclear gluon
suppression factor at LO.

® At high-x region: flat
trend.Quickly decrease towards
lower x region.

® Beyond model expectation in
full phase space
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Summary

® For the first time, directly disentangled coh. 6,4 g, (W) iIn UPC AA.

® CMS measured coh. 6,4, jpy to a new unprecedentedly low-x gluon regime (107% = 107)

Gluon Saturation
® Flattening of coh. 6,4 jppu-

Other eftect ?
y CMS PbPb 1.52 nb™' (5.02 TeV)
CMS Pbe 1.52 nb (5.02 TeV) B | 1T L 111 I | | L | I_I._l_J.-T"i"rl | | [
= T T T T T T T T T L -
— I. 7 -1
- Pb+ Pb - Pb + Pb + J/y i 10 :
| e cms & E691y + Pb — Jiy + Pb I =
L 09F o ALICE* (40<y<-35) HH i A /2 =
O O ALICE* (ly| < 0.15) H el Y —
(3 0.8 A LHCb*(-4.5<y <-3.5) : S . g
ol : Syst. exp. T | "‘_"__"";';;'jl;"""" """""""""""""""""" 2—
N 0.7 Syst. v flux /’__':‘:‘:;”,”,, 5
Nj_ ’,’,*”‘",.f‘:‘:, ”:,’ _j; 10_2 ® CMS — LTA_SS — bBK_GG ~
<& 06 TRty < o 0 ALICE* (40<y<-35) -~ LTAWS -- bBKA
el [ =7 ’ ,,-""’» - LT J - - LTA_WS — - bBK A < O ALICE* (Jy| < 0.15) —— CD_BGK CGC IPsat
o 05F ) ,/’H" —CD_BGK - GGhs © A LHCb* (-4.5 < y < -3.5) - CD_GBW -~ GG-hs
i ’,,’:,," A E -~ CD_GBW ) i Syst.exp. CD_IIM --- Impulse approx. |
0.4~ g 0 CD_IM _ " Syst. vy flux -
: ||||||||| ||||||||| ||||||||| |||||: 'IIllllllllllllllIllllllllllllllllllII
Bjorken x Wy (GeV)
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Possibilities

Phys. Rev. Lett. 131, 262301

CMS PbPb 1.52 nb™ (5.02 TeV) .
i T T T T T T T T rrrrT T T GlUOnsaturathn?
- Pb+ Pb — Pb + Pb + J/y -
__F e cms & E691y + Pb — JAy + Pb R
°‘> 09 0o ALICE* (-4.0<y<-3.5) HH /]
8 [ O ALICE" (lyl <0.15) H . :
< 08 & LHOb'(45<y<33) 5l o stops rapidly rising — splitting and recombination of gluons
N i Syst. exp. PS> )
N 07 Syst. v flux - become equal
“ ]
= T ]
X 0-6 = —LTASS —bBK GG 1 OR
o T T - - LTA_WS - - bBK_A .
T osF CD_BGK -~ GG-hs - e
P CD_GBW i ~
| : L1 IIIIII | L1 IIIIII | L1 IIIIII | L1 ll: BlaCk DlSk lelt? “
107° 107 1070 107 -
Bjorken x .
energy 1ncrease
Nucleus target becomes totally absorptive to incoming photons
inel < 2 ® Leading to Black Disk Limit

o < Oplack = TRyrger
POCD ac arse ® Nucleus becomes a black disk

® Internal structure is invisible.
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Two way ambiguity in A-A UPC

Pb Pb Pb Pb

:E le

High energy photon

> Detector

> Detector Measured J/Y aty

Low energy photon Pb

Pb Pb  Pb
Two unknows
A0 pp-na'j 1y but one equation!
dy — y/A(y) "Oya-j /A (y) + Ny/A(_y) "Oya-j /A (=y)
/ e \/\*/ I
Photon flux: can be What we want: VM cross
[ What we measured ] precisely determined section of one single
S from STARLight y 9 y+Pb at each y y
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d coh .
2”‘1’ Explanation

Coherent / /1 yields

* Raw yields within the
coh mass window

. L N(J /)
dy (1+f1+fp)-e(J/Y)-Acc(J/Y)-BR(J /Y- up) Line Ay

Calculated from mass fit within
pt<0.2 GeV

Feed down ratio
__ N(feed—down ] /1)
~ N(primary J/¥)

Incoherent fraction

>

. f __ N(nCoh J/¥)
L™ "N(con j/)

Calculated from pt fit
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CMS Detector

CMS DETECTOR
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m
Overalllength  :28.7m
Magnetic field :3.8T

CRYSTAL

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HC/
Brass + Plastic scintillator ~7,000 channels

STEEL RETURN YOKE

Pixel (100x150 pum?) ~1 m* ~66M channels
Microstrips (80-180 ym) ~200 m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS

; Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
aan 4 Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

ZDC

)
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