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UPC v.s PC

Ultra-peripheral collisions:

< Occurs when impact parameter(b) is larger than

the sum of their radii.
< Hardonic interaction strongly suppressed. b>2R |E
< Photon-induced interactions are enhanced by

the strong EM field of the nucleus.

Peripheral collisions:

Impact parameter(b) is smaller than the b<2Rd- - T
sum of theirradii. =~ T2 ”“_”____O

Hardonic interaction and Photon-nuclear 7/ X !
interactions are expected at the same time. //\\

a) Coherent photoproduction
photon interacts with a pemeron
A emitted by entire nucleus A

P2~ 0.001( GeV/,)2

b) Incoherent photoproduction
photon interacts with a pemeron
a emitted by a single nucleon A

)

AC

p2~0.05(GeV/.)?

- Cross section of coherent charmoium production:;

> constrain the gluon Desity Distribution Functions in nuclear.
< Ratio of cross section of coherent charmoium production:
> constrain the choice of the vector meson wave function in dipole

scattering models.

> systematic and luminosity uncertainty largely cancelled out.
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[PLB 772 (2017) 832, PRC (2011) 011902]

a) Hadronic photoproduction

pT~1-2GeV/c

Pb

Pb

g8 — Jly

b) Coherent photo- photoproduction

pT <300 MeV/c

y(pomeron) — Jly

collisions
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< A precise measurement of the postulated coherent J/y
production in hadronic collisions will shed light on:
> the coherence of the interaction
> and the profile of the photon flux in peripheral Pb-Pb



https://inspirehep.net/literature/753911

The LHCb detector

% Single arm forward spectrometer fully instrumented in pseudo-rapidity range 2 < n < 5.

% Design for the study of particles containing b or ¢ quarks.

< Canalso use for heavy ion studies.

=50 TeV

Pb

Cherenkove Dectectors
K/p/m separation

T 7 eK—K)~95% =1
| e(m—K)~5% misID

Vertex Locator
IP resolution~20pum
decay time resolution ~ 45fs

prompt/no prompt separation

Data Taking 2015 PbPb

2018 PbPb

Luminosity 1O,Ub_1

228ub~!
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Tracking System

TTandOT  |r— ———— :

Ap/p=0.5%-1.0%
(5GeV/c - 100GeV/c)
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Muon Station
hardware p trigger
e(U—W~97%, e(M—)~ 1-3% misID

Calorimeters
ECAL HCAL
e/y identification
AE/E=1%®10%/VE(GeV)



https://arxiv.org/pdf/1412.6352.pdf

Today's topic %

UPC at 1HCb:
1. Study of coherent J/y production in lead-lead collisions at Vs, =5TeV
[JHEPo07(2022)117]
2. Study of the coherent charmonium production in ultra-peripheral lead-lead
collisions[arXiv:2206.08221]
PC at THCb:

3. J/y photoproduction in Pb-Pb peripheral collisions at Vs, = 5TeV @LHCb
[Phys. Rev. C 105, L032201]
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https://link.springer.com/article/10.1007/JHEP07(2022)117
https://arxiv.org/pdf/2206.08221.pdf
https://journals.aps.org/prc/pdf/10.1103/PhysRevC.105.L032201

Coherent charmonium photo-production in UPC %

Analysis strategy is similar for 2015 and 2018 UPC:

< Data sets: PbPb collisions at 5.02 TeV at LHCb:
> 2015 PbPb (JHEPo7 (2022) 117]) and 2018 PbPb([arxiv:2206.08221]).

% Cross-section of charmonium photo-production can be measured by:

dogeh N doyos) /" _ Nifas) X eapp X BUA = whi7)

dz L X et X B(y— ptp~) x Az doSp) /dy* B Nj;}j X Epag) X B((2S)— ptp~)

% Event selection:
> Very low multiplicity in the detector, only two tracks reconstructed within LHCb
acceptance region:
o < 1GeV | |A¢,,l > 0.9
2.0 <t < 4.5, ph > T700MeV

> HeRSChel detector is used to further purify the signal candidates.
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https://link.springer.com/article/10.1007/JHEP07(2022)117
https://arxiv.org/pdf/2206.08221.pdf

Coherent charmonium photo-production in UPC

(1) Charmoina yields extracted

from dimuon mass fit:

(2) Coherent yields extracted
from log(p_?) fit:

~ 10— T o~ .
o - LHCb 1 = - LHCb 1
=k 1 & 1000f -
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(3) Results:

Non-reson.
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-5
In(p>?) [In(GeV?/c?)]

e

[arXiv:2206. 08221]
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1. Integrated cross-sections of coherent J/y and y(2S) photoproduction in 2.0 < y" < 4.5;

stat.

sys. lumi,

05 = 5.965 & 0.059 + 0.232 £ 0.262mb,

2. The integrated cross-sections ratio in 2.0 <y’ < 4.5 cr,‘j,‘{gs)/aﬁ',} = 0.155 +0.014 4 0.003
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stat.

lumi,

oSch ) = 0.923 + 0.086 % 0.028 + 0.040 mb
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stat. Sys.

-5
In(p’?) [In(GeV?/c2)]

(lumi. uncer. cancelled out)
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https://arxiv.org/pdf/2206.08221.pdf

Coherent charmonium photo-production in UPC %

....................................................................................................... [arXiv:2206,08221]
3. Diffrential cross section of J/y and y(2S) as a function of rapidity:
% The most precise coherent J/y production measurement in PoPb UPC in forward rapidity to date
%  The first coherent y(2S) measurement in forward rapidity at the LHC :
® data
stat. unc.
5.9 ,ruu.”l,__,'_’] r\'_\'\\l | LZHIC{ T T T T T T T 1B L e o s s B s s e s e Tra—
50 ,\f\\ 5 5 J [ —
= — T PbPb /sxxy = 5.02 TeV B LHCb 1 Guzey et al.
__ 40 Emmaa, ",y Coherent J/4 production § — [ PbPb \/syy = 5.02 TeV | T LIAW
<= 4.0 .. W Luminosity unc. : 4.4% s ) ) . 4 =——-LTAS
= P MR Y é 1.0 oo —ins Coherent (2S) production _| ——EPS09
L*_' 3.5 3 \\\ " ' % Luminosity unc. : 4.4% 1 Krelina et al.
= 3.0 frommeeel AN = 1 —GBW+BT
= .. E @ T==< R i) S ~ -
= 2B E T T ol = { ----GBW+POW
e T g & 2 - KST+BT
=20 = : %0.5 | ----GG-hs+BG
-—g 1.5 =) 7 Maéntysaari et al.
1.0 ~ =91 — — No fluct. +BG
0.5 : Gongalves et al.
" T L, 1. [ bCGC+BG
O‘O s 0.0 d - I | N [ d - I | N l 1 e I)CGC+GLC
0 il 2 3 4 9} 0 1 2 3 4 9 ....... [P-SAT+BG
y* y* IP-SAT+GLC

Results are compared to:
> pQCD models: nPDFs for the nuclear shadowing effect.
>  Colour-dipole models: draw different model tuning options as theoretical variations.
> In agood agreement with data shape, normalisations are different.
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https://arxiv.org/pdf/2206.08221.pdf

Coherent charmonium photo-production in UPC

4. Diffrential cross section ratio of y(2S) over J/y as a function of rapidity:

72

Results are compared to:

> pQCD models:
nPDFs for the nuclear
shadowing effect.

> Colour-dipole models:
draw different model tuning
options as theoretical
variations.

> Inagood agreement with data
shape, normalisations are
different.
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e

[arXiv:2206.08221]

s The first cross-section ratio between J/y and y(2S) vs. rapidity in forward rapidity region at the LHC.

® data
stat. unc.

0_40 ___ 1 1 1 1 I 1 1 1 1 I 1 1 Ll 1 I 1 1 1 1 I 1 1 1 1 S},St unc.
0.35 ;_ LHCbH Guzey et al.
: LTA-W
B B 7
0.30 E PbPb /syn = 5.02 TeV . ——e-ITAS
® E Coherent ¢(2S)/J/v production 3 ——EPS09
) o
Q 0.25 SN Krelina et al.
Y - —— GBW+BT
7020 E ----GBW+POW
&) f— e KST+BT
63» 0.15 F ----GG-hs+BG
0.10 i__ Méntysaari et al.
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0.05 = Gongalves et al.
0.00 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 . ::::::: };gggigfc
0 1 2 3 4 D IP-SAT+BG
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[P-SAT+GLC


https://arxiv.org/pdf/2206.08221.pdf

Coherent charmonium photo-production in UPC

5. Diffrential cross section of J/y and y(2S) as a function of p_:

e

[arXiv:2206.08221]

% The first measurement of the coherent J/y and y(2S) production cross-section vs. P in PbPb UPC.
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Results are compared to:
> pQCD models: nPDFs for the nuclear shadowing effect.

> Colour-dipole models: draw different model tuning options as theoretical variations.

> Inagood agreement with data shape, normalisations are different.
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https://arxiv.org/pdf/2206.08221.pdf

% Data sets: PbPb collisions at 5.02 TeV at LHCb in 2018, Centrality: limited to 60-90%.
% Event selection:
> A minimum energy in the ECAL calorimeter is required to avoid any UPC contamination.

> Reconstrued with two dimuon channel with p <15 GeV.

(1) J/y yields extracted from dimuon mass fit: (2) Coherent yields extracted from log(p.)? fit:

S T e S 20F Tuc
= C LHCb ] < 200F 3
> 300 = S “UE PbPb s =5 TeV E
2 E 4Daa PbPb sy =5 TeV ] S 180F <NW5N10.6¢2.9 E
. 250F  —Signal N> =10.6£2.9 3 S 160F 3.0 <m,, <3.2GeV/c =
= - 20<y<45 ] @ 140F 20<y<45 =
2200f - Background p,>0GeVie E 120E Ny =277£19 E
2 1500 Nyt =1764£52 3 100f- —¥ Data 3
g = 3 goE- = ¥y hadro-produced =
© - 2 E o i =
100:— E 60;— ‘ i/\y' pﬁ)t(.) p\roduced =
sobtbdbt [ ; 40F~ : =
+ . 20 =
C P AT ST B Loigog g ] 0'_ e O R

3%00 3050 3100 3150 3200 . 10_- 15 20
m(u+u-) [MeV/e?] P In(p2/[MeV?/c?))

Signal
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.105.L032201

(3) Results:
1. Diffrential yeilds of coherent J/y photo-production as a function of y, p_, Npart:
—3 —3 —3
2 0.6318—, 1 & 05X NN > | - — :
~ __f LHCb 7 = | LHCb ) - LHCb 3
oo 055 PoPb sy =5 Tev T 05 04f POPb 5y =5 Tev 4 Daa 3 > 25F PbPb |5y =5TeV
o 0 4:_ Photo-produced J/y — pili  —— Data 4 = - Photo-produced Iy — up overlap effects B ) - + Photo-produced JAy — ]
TESN> =197£9.2 + No overlap effects | - 20<y<45 1 = 5 20<y<45 ]
E p. <250 MeVie o Overlap effects ] 03F , <250Mevie v Overlapeffects | =, F WY R ]
03T - Pt 1 S L5F Oeoééa% <Np>=19.7492 -
L 7 C B Q, C [ ]
0.2F * ] 0.2¢ + - 9} 1= 6 % —# Data ]
c I 1 i + i ] 5 - N & q + No overlap effects ]
L I e ] r i = C " A o ]
0.1+ LI - 01 . B T TS IE TN TITPYPT PP 1T 05E, . b Overlap effects ]
. b ] i 12 oy, —H— o .
0L—! ! L. 1% 9 ] I B S S T R SR S S R R - 0 Be® . 1 ‘o ©0b6ane6s0686856606ap0anamonkososd
2 3 4 10 20 30 0 0.05 0.1 0.15 0.2
Ving <Ny p [GeVic]

[d  First measurement in PbPb hadronic collisions at LHCb.

D Results compare with one model with two assumptions:([w. Zha et al. Phys. Rev. C97 (2018) 044910 / Phy. Rev. C99, 06901(R)])
A  No overlap effects between the nuclei (UPC-like but small IP)
J Overlap Effects

[d  Trendis consistent, but the data is over above the predictions.
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.105.L032201

b
Summary %}I

< LHCD has good capability in Heavy Ion program with UPC physics:

> 2015 UPC: Study of coherent j/y production in lead-lead collisions at 5TeV

> 2018 UPC: Study of the coherent charmonium production in ultra-peripheral lead-lead collisions
m  The most precise measurement for coherent J/y production in PbPb UPC in the forward rapidity to date.
m  The first measurement of coherent y(2S) vs. y, cross section ratio vs. y,, coherent J/y and y(2S) vs. pT.
m  Results are compatible with theoretical predictions, strong constraints for the fine-tuning of the models.

More theoretical models(STARLlight, new NLO pQCD calculation, nPDF uncertainty,
renormalization scale uncertainty, etc) is added, will come soon!!

> 2018 PC: Measurement of photo-produced J/y in peripheral PbPb collisions
m  First result using PbPb hadronic collisions in LHCb.

« More promising photo-production measurement at LHCD in the future:

> Other photo-production measurements in UPCs are on-going: ¢— K'K", p— T, etc..
> With Run3z high luminosity:

m Bottomium, incoherent components, etc.

m Wwith Fixed target program.
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Coherent charmonium photo-production in UPC %

[arXiv:2206.08221]

[arXiv:2206.08221]

[Physics Letters B, (2019) 798:134926] —e— LHCb 2018

55 | I \\l [ rrrr [ rrrrrrr1 LHCDH 2015
) e N ™ LHCbH —a— ALICE
The LHCb 2018 J/y measurement is Zg sy, R, PbPb /3y = 5.02 TeV: Guzey et al.

- - . e N% NN = 9. LTA.W
compatible with LHCb 2015 and ALICE = 40E .. \s Coherent J/4 productiond ---- [TA S
results. = .. E Ny —— EPS09

I*_I 9 é ‘"‘~.+‘-Tf77f°\ Krelina et al.
The difference between the LHCb 2018 and . 3.0 Fr=mmmme ' —— GBW+BT
. = GEE gy --=-- GBW+POW
LHCb 2015 measurement is about 2.00. z I —— KST+BT
=2.0 3 ---- GG-hs+BG
. . . '% 1.5 ;_ Miéntysaari et al.
LHCb 2018 is compatible with ALICE result. 10E —-— No fluct. +BG
0.5 =8 Gongalves et al.
0.0 S ] o bCGC+BG
N = T T e bOGO+-GLE
O 1 2 3 4 5 ....... IP—SAT+BG
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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
https://arxiv.org/pdf/2206.08221.pdf

b

Measurement of coherent J/y in UPC, using a data sample collected by the LHCb experiment in 2015
PbPb. First UPC results in LHCb - a baseline to 2018 PbPb measurement!

(1) J/y yields extracted from dimuon mass fit:

% i = . —~ S Guzey et al.
= £ LHCb 7.5 f::: E 5 — LTA_W
2L Fw=STVf — 1y —
S 102 onk 1 — y(2S) =~ =— [ TA_S
% § i‘ | - - - nonresonant E 4 =« EPS09
3 I3 b Goncalves et al.
T At i 6730w T M
- } } {I} Hl , ' I I in total Y S
1 = . . : ‘ . . . ; l. I Cepila et al.
3000 3500 m [Me \4/(100 2 AT
(2) Coherent yields extracted from log(pT2) fit: { . GS“BGl
% d % LHCb_ 5TeV e :l::l é m== |§ fluct. +GLC
é 20 f— ﬁln—l ’ _m::r::m( _f 0 ==t o fluct. +GLC
g . E_ 25< y<3.0 - ,::o,vm _E
W E E %  Total cross-section: b,
B ‘l’ = 4.45 + 0.24(stat) + 0.18(sys) + 0.58(lumi) mb
4= %:LEL I E % Differential cross-section are compared to different
0 =L oAk

phenomenological predictions.
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~

log(p i / GeV?


https://link.springer.com/article/10.1007/JHEP07(2022)117

% Results are compared to Reggeometric Pomeron model and soft dipole pomeron model, based on
Regge phenomenology formalism
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0,0004 — - Soft Dipole Pomeron Q. SoThpoieameran 0,0030 Soft Dipole Pomeron i
%
>, 0,0003 |- 5, 0.0003 4 & ~
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> 2 20,0020 , -
>_>- ———————————— o 5 / \\
e S ° L 4 = /
00002 ~e 0,0002 L= /
' o /
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> Recent preprint shows good agreement with the soft dipole pomeron model
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https://arxiv.org/pdf/2202.02162.pdf

LHCb HeRSChelL detector

High Rapidity Shower Counters for LHCb(HeRSChel)

% Aset of plastic scintillators used in order to detect any activity in high pseudorapidity range (5 < | n |< 10).
« 5 Stations(2 Forward + 3 Backward) x 4 Quadrant = 20 channels in total, installed close to the beam.

% Remove background activities close to the beam, but also cut a small fraction of signal.

LHCb HeRSChelL
Hole radius 1 - -
47mm
LHCb xE

Hole radius

61mm
Cut-out
~108x230mm

Single diffraction
(gap)

600“““
lustration

(gap)
CEP inelasti
‘L
5 3
z=114.0m pseugorap%lty n

¢ 2 W, .
3 ag - f [ e M
Station B2
z=-19.7m  Station BO Elastic scattering
z=-7.5m
a
Station F1 (gap)
z=20.0m -15

Double diffraction
CEP elastic
(gap-(gap)
z=-114.0m Station B1
Station F2 -10 - 10 15
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https://iopscience.iop.org/article/10.1088/1748-0221/13/04/P04017/pdf

