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Outline of (recent) diffractive & photo-induced results

Photon-nucleus energy dependence of coherent }J/y cross session in UPC PbPb,
HIN-22-002

o comprehensive study of the coherent J/y photo-production, also in neutron CMS

multiplicities

Observation of t lepton pair production in UPC PbPb, HIN-21-009
o pursuing better constraints on t lepton anomalous magnetic moment than LEP(II)

Azimuthal correlations of exclusive dijets with large Q. in pPb, HIN-18-011
o nontrivial parton distributions inside Pb or simply from ISR/FSR?

Two-particle azimuthal correlations in yp interactions using pPb, HIN-18-008
o till what size we have a strongly interacting fluid that responds to the initial

geometry?

All NEW relative to the last Low-x/Diffraction version
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-18-011/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-18-008/index.html

Recent publicity

e Photon-nucleus energy dependence of coherent )/ cross session in UPC PbPb,
CMS-PAS-HIN-22-002

o comprehensive study of the coherent J/{ photo-production, also in neutron  |[CMS

/ multiplicities

CERN seminar (CMS Collaboration)

Probing gluon pdf at x->0 with ultraperipheral
PbPb collisions at 5.02 TeV in CMS

PRL Editor’s suggestion (to appear), Summary

N

e Observation of t lepton pair production in UPC PbPb, HIN-21-009
o pursuing better constraints on t lepton anomalous magnetic moment than LEP(II)

Diffractive and photon-induced processes at CMS 18/01/2023
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https://indico.cern.ch/event/1187943/
https://cms.cern/news/using-light-make-cousins-electron

Coherent J/y in Run 1

PLB 772 (2017) 489

o PD+Pb - Pb+Pb+Jhy 159 ub™ (2.76 TeV)

C —=e— CMS data
s CMS . ALICE data
[ Impulse approximation
Leading twist approximation

do©h / dy [mb]

~
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e Run 1 data from CMS and ALICE well
consistent with LTA model calculations

e Large uncertainties and wide y bins
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https://www.sciencedirect.com/science/article/pii/S0370269317305488

Search fFor gluon saturation in heavy nuclei-the challenge

Symmetric system: either ion can serve as the
photon source or target nucleus

—
~

ALICE Pb+Pb — Pb+Pb+J/y |s,, =5.02 TeV
[ ALICE coherent Jiy EPJC 81 (2021) 712

- = = - Impulse approximation
------ STARLIGHT

- A two-way ambiguity!

do/dy (mb)
o

. low-energyphoton high-energy photon - — fﬁf?g;g‘e"z’ [ -
m -.= IIMBG (GM) =
| — - IPsat (LM)
gl = BGK-I (LS)
I ---- GG-HS (CCK)
[ — - b-BK(BCCM)
Detector Deotector 6 __ i
4
Pb Pb 2:— :
doaa—aa17)yp T
a = Nyja(w1) - 0yassg/par(w) + Noyja(W2) - 0qassg/parws) o J4T —t
. . . y
The cross section at a given y consists of low- and x, =107
H _ 1 1 e ~ _2
high-x gluon con.trlbutlons (except for y=0) orx,=10 My,
- No unambiguous access to x ~ 10 (~95% high-x) YT w20
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https://link.springer.com/article/10.1140/epjc/s10052-021-09437-6

Search fFor gluon saturation in heavy nuclei-the challenge

Symmetric system: either ion can serve as the
photon source or target nucleus
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ALICE Pb+Pb — Pb+Pb+J/y |s,, =5.02 TeV
[ ALICE coherent Jiy EPJC 81 (2021) 712

- = = - Impulse approximation
------ STARLIGHT
—— EPS09 LO (GKZ)

- A two-way ambiguity!
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o
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The cross section at a given y consists of low- and x, =107 ’
high-x gluon contributions (except for y=0) or x, =107 1 M,
- No unambiguous access to x ~ 10 (~95% high-x) 7~ w, 2/
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https://link.springer.com/article/10.1140/epjc/s10052-021-09437-6

First NLO calculations on exclusive J/W production

e First NLO pQCD calculations published recently (Eskola et al).

e Quark contributions at NLO + strong cancellations between LO and NLO gluons
— dominance of quark contribution at central rapidities.

] NLO with EPPS16 —— Full M2

41 S =5.02TeV 7 ONC e Only Gluons
g 1 mp=pr=237Gev /N e Only Quarks
= 3 —- Interference .
2 1 e Needs careful attention when
+ 4 . .
2 2] e interpreting the data.
£ W T W
T J i rd N e \\\ 7] n
£ . ,, Sl 3 e e N\ e "0 oc (gluon PDF)? not true at NLO.
3l N, - kY ,/'/‘

] \.\'\ //,‘ PRC 106 (2022) 035202 \\\ /‘// { La rge Scale dependency.
-6 —4 -2 0 2 4 6
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.106.035202

Nuclear PDFs uncertainty in exclusive J/W production

e EPPS16 larger uncin fwd region (more freedom in the gluon PDF shape than nCTEQ)

e Rapid gluon increase at low-x dictates the upper boundaries of the large unc
— reduced scale sensitivity and stronger dependence on the gluon PDFs for Y's?

] NLO at /sy =2.76 TeV —— EPPS16
307 . _oameey | Lm0 - nCTEQ15
1 u=pr=pr=2.37 Gev
g | H#FEER EPPS16+CT14 Err
E 254 EPPS16 Err
o ] L AN nCTEQ15 Err
¥ 204 ¢
3 209
+
& 15
]
'Q ] N ‘
T 107 + ALICE Cent Nt
S 7 4 CMS Forw 2
gk 05 4 ALICE Forw
0.0
——————————7————p 77—
y
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Event classification in neutron multiplicity classes

CMS PbPb 5.02 TeV
PRL 127 (2021) 122001 — Total fi

---1n E

On' Xn S ---2n ]

1 2 | ‘u g' | . L e -X103
5 10 15 20 25 30 35 40 45 50
ZDC,, _(a.u)
e Multi-Gaussian fits to disentangle # of neutrons: o
o 0nOn, OnXn, XnXn (X: 21) More neutrons
o high purity Fewer neutrons >
Method established in HIN-19-014 o

CMS Diffractive and photon-induced processes at CMS



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.122001
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-014/index.html

o spectrum vs. neutron multiplicity
PRL 127 (2021) 122001 PbPb 5.02 TeV (1.5 nb’)

dn1 n ann

= —.. Core \ R
..... \
1 0—3 1 1 \ 1

Ll 1

10* 10° 40% 10" 10* 10° 102 10" 10* 10° 102 10
o o o
e 0nOn (fewer neutrons) — XnXn (more neutrons)
o Tail contribution becomes larger.
o Seems has depletion in the very small a.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.122001

I I I I I
PRL 127 (2021) 122001 + +
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(m*¥) vs. neutron multiplicity

Diffractive and photon-induced processes at CMS 18/01/2023

Strong neutron multiplicity
dependence of (m )
o Deviation from constant >> 50
o b dependence of initial photon
energy.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.122001
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(ac°'®) vs. neutron multiplicity class

1 gx10° PbPb 5.02 TeV (1.5 nb )
"I Ccms  PRL127(2021) 122001
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122

X
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Strong (5.7 o) neutron multiplicity dependence of (a°'®)

b dependence of initial photon p., not captured by STARLight
Described by a leading order QED calculation with b dependence.

Diffractive and photon-induced processes at CMS 18/01/2023
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.122001

Overview of the yy — 7z process
* Promising candidate for the a_= (g_-2)/2 determination

* ‘using a large heavy ion collider” for g -2 suggested since 90s

» cross section in UPC receives a Z4 enhancement relative to pp

* LHC could improve the sensitivity on a_relative to LEP
* probe the anomalous T lepton electric moment too like BELLE

Pb Ze - Pb OPALélQ% |
LEP L3 19"@
7- DEUJEH\ 2004
Sensitive to photon flux g '
- Run 2 (2 /nb) | | Poeo. 200 swsys
G 4 Pb+Pt§),2nb‘1 1% sys .__.
0ar Runs 3+4 (> 10 /nb) | Prebzomiess |
lllillllIllllilllillli|llilll;|ll%lll
Ze -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08

Pb Pb 95% CL limit on a,

Phys. Lett .B 809 (2020) 135682 (2002.05503)

7 lepton photoproduction in ultraperipheral collisions (UPC) Phys. Rev. D 102 (2020) 113008 (1908.05180) 1 3
CcMS Diffractive and photon-induced processes at CMS 18/01/2023



https://inspirehep.net/literature/319026
https://arxiv.org/abs/hep-ex/0210066

7's are multifaceted

e 77 signal regions can be then defined based on the lepton and/or hadron multiplicity
e dilepton: the lowest reco efficiency
e 10 +1 track: main bkg due to py, ee
o 10 +ERiERY clean with high enough yield

All channels needed for
ultimate precision

CMS Experiment at the LHC, CERN
4 Data recorded: 2015-Dec-06 21:41:27.033612 GMT

Run / Event / LS: 263400 / 88515785 / 849
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Data / Exp.

O_LNO %))

Data-to-exp comparison: control plots in the signal region

Very good agreement between data & expectations

[ ]
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signal MC is scaled to the integrated luminosity
we’re in an almost bkg-free phase space region(!)

unambiguous reconstruction of the T+ - system
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HIN-21-009
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

Signal yield estimation

e Binned likelihood fit to a discriminating variable

e Angular separation (A¢) between leptonic and hadronic candidates HIN-21-009
e MC signal (peaky) and bkg template (flat) from data

e Number of observed post-fit signal events: 77 + 12 CMS PbPb - 404 b (|5, = 5.02 TeV)

s ETFrrrrrrrprar e rrp e re vy
e Observed significance is more than 5o & 30 ¥ Data E
e taking into account systematic uncertainties e o5 By - T T3prong E
o affecting the rate with log-normal priors ~ I Background
: : : : 0 20 i
e affecting the shape with Gaussian prior < 7 Total
> " .
& "°F Fit variable
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

Cross section measurement

« Extra ingredients needed

e L =404 Jub CMS ; PbPb - 40*4 ubj (S = 5-02 TeV)
+ Br,=17.39% PbPb(yy)—Pb!'Pb )ttt
© Bt 0n,=14.55% .
- efficiency (¢) from MC = 78.5% I o r Data, 4.8 + 0.6(stat) = 0.5(sys)ub
oy = TT) = Nyy/ (26 L B By, ) :::::::::::: L. Beresford and J. Liu,
e Phys.Rev.D 102 (2020) 113008

%% M. Dyndal et al.,

Phys.Lett.B 809 (2020) 135682

HIN-21-009

fe—e——gmaa
o(yy—=>17) [ub]



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

, performance at HL-LHC, a_from ATLAS

* Using the theo calculation of o(yy—tr) as a function of a_—scale only
-  model-dependent measurements at LHC can be obtained

« We expect a total uncertainty well below the current theory uncertainty
» projected limit at HL-LHC competing with LEP

I—I DELPHI, ee—e(yy—tr)e
68% CL, Eur. Phys. J. C 35 (2004) 159
: (") ()
! CMS PoPb—>Pb (YY1 Ty Pb
_
: 68% CL, 0.4 nb"
; CMS Phase 2 Projection Preliminary
= PbPD—Pb (177 51009 PD s 68% CL, 13 nb”
; Based on rate-only-analysis, assuming 4% uncertainty
L 11 1 | L 111 /
-0.1 0 0.1 J

More final states — further improvements
18
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https://arxiv.org/abs/1908.05180

, performance at HL-LHC, a_from ATLAS

Using the theo calculation of o(yy—tr) as a function of a_—scale only
model-dependent measurements at LHC can be obtained

We expect a total uncertainty well below the current theory uncertainty

projected limit at HL-LHC competing with LEP

Sensitivity from shape analysis+final states

T T — —T—

i DELPHI, ee—e(yy—tre
—
5 68% CL, Eur. Phys. J. C 35 (2004) 159
: (") ()
! CMS PoPb—>Pb (YY1 Ty Pb
_
: 68% CL, 0.4 nb"
; CMS Phase 2 Projection Preliminary
= PbPD—Pb (177 51009 PD s 68% CL, 13 nb”
; Based on rate-only-analysis, assuming 4% uncertainty
L 11 1 | L 111 /
-0.1 0 0.1 J

More final states — further improvements

OPAL 1998 .
L3 1998 .
DELPHI 2004 ——o—— ATLAS

Pb+Pb \s,,=5.02 TeV, 1.44 nb™
ui1T-SR =.—— @ Best-fit value
i m——
pe-SR —=——g .
Combined ——— —.—
Expected __.__
o1 005 0 005  0d

a;

Diffractive and photon-induced processes at CMS 18/01/2023 19

CcMS


https://arxiv.org/abs/1908.05180

LbyL scattering (with UPC)

e BSM at high masses: Increase Vs
e BSM at low couplings: Increase £

e plus taking advantage of reduced pileup, kin. thresholds, and clean final states
e Thanks to Z* ~10A7 factor in PbPb, yy luminosities >> pp ones at low Wyy

|

|
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https://agenda.irmp.ucl.ac.be/event/3186/contributions/3647/

Available LbyL UPC measurements (so far)
e ATLAS

e 2015 data, 0.48/nb, Nature Phys. 13 (2017) 9, 852-858
e 2018 data, 1.73/nb, Phys.Rev.Lett. 123 (2019) 052001
e 2015+18 data, 2.2/nb, JHEP 03 (2021) 243

e CMS
e 2015 data, 0.39/nb, Phys.Lett.B 797 (2019) 134826

Ly T T | T T T T | T T T T
%_) ATLAS i
(\5 Pb+Pb \sy, = 5.02 TeV
9 t ¢ Data,22nb"
— 1 ( R [7] Syst. @ Stat.

= F )
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S
©

1 =
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Goals of this analysis
e ATLAS

e 2015 data, 0.48/nb, Nature Phys. 13 (2017) 9, 852-858
e 2018 data, 1.73/nb, Phys.Rev.Lett. 123 (2019) 052001

e 2015+18 data, 2.2/nb, JHEP 03 (2021) 243 1. How an averaged value compared to theory?

Could some SM bkg explain the excess?

e 2015 data, 0.39/nb, Phys.Lett.B 797 (2019) 134826
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% i ATLAS ]
©) 5 Pb+Pb s\ =5.02TeV |
9 ¢ Data,22nb’
— 10 7] Syst. @ Stat. a
E>~ E B8 SuperChic 3.0 ]
O C 7
;(:) L -
© L i
©
1= E
FJHEP 03 (2021) 243 T ;
EXPERIMENT i 3
3673 7‘ 1167¢ '- Rttt o o]
1 0_1 AT TN N T RSO NN TN TS YT SR NI Y M g
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Averaged result and comparison to theory ok et asarxiv:2204.02845

e The data-to-theory discrepancy is at ~20 level (presented in QM22)

Pb + Pb (yy) - Pb"’ + Pb" yy at s, = 5.02 TeV

mm SuperChic (v3), Eur. Phys. J. C79 (2019) 39 b—&——t—
------ M. Klusek-Gawenda et al, Phys. Rev. C93 (2016) 044907 stat total

ATLAS,L =22nb" | &, o 120417+ 14
JHEP 03 (2021) 243 :

CMS, L_=0.39 nb’

T — 91+ 36 + 24 ()
Phys. Lett. B 797 (2019) 134826
Average e 115+15+11
L= 2.6 nb

(#) Scaled to fiducial region

| I | d l I I | | |
20 40 60 80 100 120 140 160 180

Opatas. [ND]

meas.




Trying to explain the excess GKK ef al arXiv:2204.02845
(presented in QM22)

e We calculated the inclusive o for the photoproduction of nb(1S)
o 0=(0.19-1.41) 10"-2 nb (range reflects max. and min. of yy decay rates)
e this contribution isn’t significant
e alternative efforts exist, e.g., yy decay of the recently discovered X(6900) exotic meson

— 42
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https://doi.org/10.1103/PhysRevD.106.L111902

Trying to explain the excess GKK ef al arXiv:2204.02845
(presented in QM22)

e We calculated the inclusive o for the photoproduction of nb(1S)
o 0=(0.19-1.41) 10"-2 nb (range reflects max. and min. of yy decay rates)
e this contribution isn’t significant
e alternative efforts exist, e.g., yy decay of the recently discovered X(6900) exotic meson
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Good agreement between data and MC.
» Photon flux in RAPGAP correctly reproduces UPC yPb data
The measurement is performed in Q, < 25 GeV ,
* large momentum transfer but “back-to-back” regime, i.e., P. > Q; &

Vector sum of 2 jets:
Qr =k + k2
Vector difference of 2 jets

=

1 - -
PT—E(kl' ka)

HIN-18-011
p.>30GeV,p_ >20GeV, |n | <2.4 PbPb 0.38 nb™' (5.02 TeV)
-"""'""""""'"""""'7"' "'I"'l""l"'l"'l' ZE2N LEREY Lz id RO RS RELL] RE2lS RRERY LA
r & P Data ]
[ - P, Reco RAPGAP MC ¢ Data ¢ Data CMS
==Reco RAPGAP MC == Reco RAPGAP MC .

A QT Data
== Q,_ Reco RAPGAP MC

%

*

10 20 30 40 50 60

A ;
60 80 100 120 140 -1-050 05 1 15 2

Q; or P [GeV] DijetM_ [GeV] Dijet y
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

Angular correlations in exclusive dijets

® = correlation between P and Q,
Similar trend between data and RAPGAP, with prediction slightly above (below) the data
<cos(29d)> reaches a constant value ~0.4 at Q. > 5 GeV

« prediction including final state interactions better describes data

» recent finding: initial soft gluon emissions also gives sizeable <cos(2®)>

HIN-18-011

Unfolded

CcMS

Pbe 0. 38 nb’' (5. 02 TeV)

SN o[ L A
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https://arxiv.org/abs/2106.05307
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

Collectivity in yp vs yPb collisions

* v, in yp > than min-bias events

* no “non-flow” subtraction: challenging in low N,
* PYTHIA8 describes v, — jet-like correlations dominate(?)
* v, inyPb <than pPb and pp at similar multiplicity

. Done with “non-flow” subtraction Interesting to bridge the two systems

} Zhao et al 2203.06094
cMS PPb, {5y = 8.16 TeV (68.8 nb™)
oV R R L I R I I I L I ML BN | R L] R P

= 0.3 <p, <3.0 GeVic 0.12|- ATLAS 3DGLAUBER+MUSIC+URQMD—
Y 5 [V,{2} v,{2} vo{2} v4{2} g
0.4F P PO - [ = e UPC — —*+Pb Pfs ) =
0.35F D@ - - E . F % opsPb - -en p+Pb |[5,,=5.02 TeV ]
£ Simulation — — : Q L A Baesssiases v
0.3 (PYTHIAS) (HWING) - o : gk N ]
025;_ _' ﬂ :_ ';*‘o —:.
3 a N\ :
HIN-1 8-008001-25 + “CIVES region” = 0.04 -
P (NB: different system : e
0.1 * V2 l - o -
0.05F &= " o 0 frezl s~ =
: : - - - l N l - l i l b l N l e
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CMS Diffractive and photon-induced processes at CMS 18/01/2023 28
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In-jet v2 with respect to the jet axis

CMS Preliminary 138 fb”' (pp 13 TeV)
<Ny> =101 . Anti k,R=0.8
Top 0.0023% hlghest-N’m jets pl;‘ > 550

« Upward trend seen for Ni;’>80

e Potential sign of collectivity in jets?

CMS Preliminary 138 fb™”" (pp 13 TeV)
o3 § " 0.3 <j <3.0 GeV
. ”0° Anti k; R=0.8
| ‘ p’e > 550 GeV
0.2 , 1< 1.6
—e— DATA
0.1— . PYTHIA8 CP5
seees SHERPA

0 20 40 60
NJch

e |In rotated reference frame, calculate two particle correlation using jet constituents

« vz well described by MC for NZZ’<80
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e For the first time, disentangled the low and high y energy contributions to coh. J/{

©)

©)

a new region from W=40 to 400 GeV to be studied/understood

interesting recent theo dev that the small-x quark PDFs dominate exclusive )/ aty !~0

e T+T- observation paves the way for precise at a_(HL-)LHC— cross exp combinations

(Pb+Pb - Pb+//W+Pb) [mb]
w
o

o
W

do
dy

o
<)

i
o
1

N
o
1

b=
(2}
1

—
(=}
1

NLO at ySyy = 2.76 TeV —— EPPS16
T o3y e 00 |- CTEQ15
=Ur =g =2.37 GeV o
psparEn EPPS16+CT14 Err
EPPS16 Err
i nCTEQ15 Err
i
G + ALICE Cent X
-+ CMS Forw
~ ALICE Forw
-6 4 Y 0 2 4 6
y
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Diffractive and photon-induced processes at CMS 18/01/2023 30

68% CL, 0.4 nb’

HIN-21-009
|—1 DELPHI ece(yy—te
5 68% CL, Eur. Phys. J. C 35 (2004) 159
: CMS PbPb—Pb (1757 73,00 P
— .

; CMS Phase 2 Projection Preliminary
i PbPD—Pb (YT, Ty PD, 68% CL, 13 nb”
Based on rate-only-analysis, assuming 4% uncertainty

AN A
-0.1 0 0.1
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e Exclusive dijets in UPC pPb at large Q. to be understood

o also link to the linearly polarized gluon distribution faces challenge from ISR
e Common framework to understand collectivity in yp vs yPb collisions

HIN-18-011 HIN-18-008

PbPb 0.38 nb” (5.02 TeV) CMS PPb, {Syy = 8.16 TeV (68.8 nb™)
A LRI AR LR AN RN RARN RRRERARNRRRE RERN RRRE R >N E"'|"'|"0'|3"'|'"|3'6'|G"\',/|(;"|"'I"'E
o 14p CMS p,,>30GeV ] 0.45F 3<p;<30Ge =
‘g 12 Z$= Data P. 2>20 GeV h 0_45— YP pPb —
8 “F — raPGAP Iyl <24 - " Data - - :
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08[ o 0.25F =
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' ] 0.15F ,\_‘\_'fl E
*4E o * -
0.2F ’”gﬁ%ﬁgg@g“ : 0.05F = — - I
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5.36 TeV PbPb Collisions!

CMS Experiment at the LHC, CERN
Data recorded: 2022-Nov-18 16:09:13.771584 GMT
Run / Event / LS: 362294 / 4769619 / 16
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First CMS HI Run 3 result - dN_,/dy

PbPb \/s = 5.36 TeV
v A

5.36 TeV data from 2022 test run

Challenging for MC generators to predict/\

both magnitude and shape of dN

N /dn

Cent. 0 - 80%
« Data
-.. AMPT (no melting)
—-AMPT (string melting)
— HYDJET
---EPOS LHC

—
\
ll1llll['ll

MC / data

o
[

CMS PAS HIN-23-007

Normalizedton =0
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First CMS Run 3 result - dN_, /dy

7 IIII| I 1 IIIIII| I I IIIIIII I T IIIIIII
_ pp(pP)NSD Central AA  pANSD CMS A
~ mCMS ® CMS pPb CMS At ]
* 5.36 TeV data from 2022 test run 6 anLice el ERALEE Pt .0
. . - ®CDF ATLAS dAu PHOBOS -
* Challenging for MC generators to predict - yuas vBRAHMS pAlnel. -
7. 5[ e uat #PHENIX ¥ pPbE178 —
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~x 4 mcms % NAS50 gt =
% - A ALICE > - .
. g ~ [ vuas » ]
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1__ L ty _]
[ -sv* 20 ” o i
CMS PAS HIN-23-007 oA 1 1 -

0 Ll L L L L L Ll L Jo L L L LLL L L L L L Ll

10 10 10° 10*

ISy (GeV) o 63.




Thank you for your attention!
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EXTRA SLIDES
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Ultra-peripheral nuclear collisions
When two ions “miss” each other, no QGP is created but,

E

B — The photon flux o< 72,

e Photon kinematics: p; <#/R, ~30 MeV (E__

CMS Experiméntatthe LHC, CERN
' Data recorded: 2016-Nov-19 16:08:52.550018 GMT
2 | RundEvent/Ls: 285530 / 944500077 / 594

/ NN
I- | N /// -
7

e light-light and light-Nucleus collider
e BSM searches (ALP, g -2).

CMS Diffractive and photon-induced processes at CMS

e Strong EM fields generated by relativistic ions (B ~ 10" T).

I+ e Lorentz contracted EM fields — flux of quasi-real y (Q?<k?/R?).

~ 80 GeV) at LHC.

18/01/2023 37



Vector meson photoproduction

Directly probes gluonic structure of nucleus and nucleon.
At LO in pQCD, cross section ~ photon flux ® [xG(x)]*> (gluon PDFs)

t3)

Coherent production:

e Photon (/k, > 2R) couples coherently to whole nucleus.
e Vector Meson (VM) <p,> ~ 50 MeV.
e Target nucleus usually remains intact.

o]

p, I, Y... Incoherent production:

e Photon couples to part of nucleus.
e VM <p;>~500 MeV.
e Target nucleus usually breaks.

Final state kinematics directly map to:

Myu s,

e Photon energy: w =
Myu eFY

e Bjorken-x of gluons: = -

SNN

CMS Diffractive and photon-induced processes at CMS 18/01/2023 38




CMS Preliminary

Coherent J/¥ in OnONn, OnXn, XnXn help to disentangle

CMS-PAS-HIN-22-002

CMS Preliminary

PbPb 1.52 nb (5.02 TeV) _PbPb 152 ntlf1 (5.02 TeV)

05 CMS Preliminary PbPb 1.52 nb™ (5.02 TeV)
"Pb+Pb — Pb+Pb-+JAp Pb+Pb — Pb+Pb"+JAp “| Pb+Pb — Pb'+Pb'+JAp
6 _e— CMS OnOn —e— CMS OnXn 04) —® CMs XnXn i
. ——LTASS __15F — LTASS . - —— LTASS
o) Ke) _— o -
g A - = LTAWS | é LTAWS :E, 0al R
g o g - i <) _ ‘g
2 P L 'z ®.--""""7777 Zoaf - -
o} i o) o= - o} oL
© o2 __--" 3 o | _- - . © 5 ’
| == 0.5 . 01} P
0= = = o 0 oX : ' : o : : ‘
= 3 ) =] 0 4 3 2 - 0
y y y
d‘f%gimw Low-energy y
_ 0n0n 0n0n _
Gy = Noa (@) O ppae + Ny (w2) - 0 as s = ;M eV
do.Oan o ’
AA—AAT[Y _ NOan NOan 7A_>J/,(/)A ('UJl)
—ay A @) Sasapae) + Nyt (W) orasa ey ey
! .
do i awa s OyA—J/pA'(ws)  High-energyy
_ XnX XnXn
— B N (w1) - 0qasgparen) + Ny " (W2) - 0ya7 /940 (wy) w0y = My oty
2

Disentangle the low- and high- energy photon-nucleus contributions of a single y+Pb.
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Soft muon efficiency

o
®

o
o2}

0.4

0.2

Muon efficiency

ey
T T

| Resistive Plate

Muon reconstruction

JINST 7 (2012) P10002

Muon eff|C|ency

o - . Barre >

i A Drift Tubes Chambers e I
_ MMQW £ 800 . BT T re T - e i) 1_ WWQ_
L5 | |<12 “700%ﬁ > W %08:_

L c c . 12<|r||<24

£ |

s 9p]
- ] 0.4F B
iy i <1.2 :'__> I 12<m <24
M —o— Data —o— Data
?EF -5 Simulation 0.2r -5 Simulation | 4
[ CMS, \s=7TeV | i i CMS, \s=7TeV |

il L | . il | L

034567 10 20 30 027345 10 2030 100
muon p_ (GeV/c) 3 muon p_ (GeV/c)
Cathode Strip® “”
Chambers
e Tracker and muon detectors used to reconstruct/identify muons.
e CMS able to reconstruct muons down to muon p_~ 1 GeV in forward region.
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https://iopscience.iop.org/article/10.1088/1748-0221/7/10/P10002

o(y+p — J/y+p) (nb)

Models / fit to data

Search fFor gluon saturation with yp interactions

o(y+p— J/¥+p)(nb)

10° o

10% |

1.3
1.2
1.1

0.9

0.8 E
07
06 E

X
1072 107 10 10°°
T R T T R
[ ] ALICE
¢ ALICE (PRL113 (2014) 232504)
Power-law fit to ALICE data EPJC 79 (201 9) 402 Q’
o H § @ i
v ZEUS d50---
e} LHCb pp (W+ solutions) QQ;Q é’o'
0  LHCb pp (W- solutions) Yﬂ:_-,::-’;ﬁ 2
o
T ceT E
S JMRT NLO
---------------- STARLIGHT param.

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

3 W,Yp:2\/W'Ebeam ~‘~‘~\~‘\ _g
20 30 40 50 60 10? 2x10? 10°
W Wyp (GeV)
P
CcMS
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J/Y photoproduction from photon-proton
1 interactions in ep, pPb and pp collisions

% Data follow a power-law trend, consistent
with expectation from the rapidly increasing

gluon density in a proton.

No clear indication of gluon saturation down
to x ~ 10° in a free nucleon.



https://link.springer.com/article/10.1140/epjc/s10052-019-6816-2

Search fFor gluon saturation with heavy nuclei

—
~

ALICE Pb+Pb — Pb+Pb+J/y |s,, =5.02 TeV
[ ALICE coherent Jiy EPJC 81 (2021) 712

- = = - Impulse approximation

------ STARLIGHT

—— EPS09 LO (GKZ)

Y LTA (GKZ) B S
-.= 1IM BG (GM) ="

— — IPsat (LM)

— - BGK-I (LS)

- - =-- GG-HS (CCK)

— - b-BK(BCCM) -~

e Coherent Vector Meson production extensively
measured at LHC.

do/dy (mb)
o

-
o

.‘1\IIIIIIIIIIIIIII|[ll]lll

e LO: o(J/P) o< [XG(X)]*> — o(J/P) < I.A. (no nuclear
effects) — evidence for strong nuclear

modification in heavy nuclei. o & W] =T
4
e No theory calculations (e.g., shadowing, gl
saturation) can simultaneously predict mid- and ,,
forward rapidity datal? S
also LHCb 2022 results y
arXiv:2206.08221
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https://link.springer.com/article/10.1140/epjc/s10052-021-09437-6
https://arxiv.org/abs/2206.08221

How robust our signal extraction is?

CMS-PAS-HIN-22-002
%x10° CMS Preliminary e ICIIVI‘S'PreIIimirlwalry
8 1_4:_ Pb-Pb \/SNN =5.02 TeV UPC ( AnAn) ] g - Pb-Pb \/SNN =5.02 TeV UPC ( AnAn) :
: f pup uu G — .
° b 16<ly’1<1.9 0<p '<0.2GeV 1 o - : Ei?:tizlndh ) 16<ly™ <19
; I ; . D_ata 1 ; 10° L —— Coherent JAhp =
T 1F i Fit: x®/ndf = 1.0 1 € i : — Incoherent Jhp i
o ) K. JAp (6028 = 90) 1 o© Ll - Incoherent JAhp with nucleon dissociation
T 0.8 3 = -- (2S) (660 = 58) 1o | —— Coherent y(2S) — Jlp+X
. : -_ : ..... YY = U 1 102 _ ® . Yy > un —
[ A Ry =0.109 = 0.0095 ] i 3
a5 i - RN= 0.232 + 0.0194 1 I Lﬂ:\ o b # ¢
0.4k F fy =0.040 + 0.0033 B il PR ) by
u : : \ 1 10 ?E- "," ...'._ ++ + ] | . Ili. _E
0.2} ;0 a ., HIH AL
. 2.8 3 32 34 36 38 4 4.2 0 0.5 1 1.5 2 25 3
Myy (GeV) pT (GGV)

Signal yields are extracted by fitting the mass and transverse momentum spectra.

Clean event sample, well described
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Coherent J/y in forward and mid-rapidity ranges

ALICE, EPJC 81 (2021) 712
LHCb, arXiv:2206.08221

Pb+Pb — Pb'+Pb'+J/y

6 —=— ALICE 2019
—o— ALICE 2021

—~~
fe)
=
~ —a— LHCb 2022
> 4L
°
4
)
@)
©

5 A5 — LTASS
~ LHCb o
LTAWS - CD_IIM
0 _3 -2 -1
y

AnAn: No forward neutron selection

CcMS

A tension between ALICE forward and mid

rapidity data?
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https://link.springer.com/article/10.1140/epjc/s10052-021-09437-6
https://arxiv.org/abs/2206.08221

Coherent J/y in extended rapidity range
CMS-PAS-HIN-22-002

A tension between ALICE forward and mid

CMS Preliminary PbPb 1.52 nb™ (5.02 TeV) L
8 I ' ' rapidity data?
Pb+Pb — Pb'+Pb'+JAp
—e— CMS AnAn . e geo .
6l mE aLce 2019 B CMS data cover a unique rapidity region.
2 —e— ALICE 2021 e -
‘E; —a— LHCb 2022 CM,;S_._/?‘/;{Q s ) ALICE dajj, ‘2 - NU/)
T 4 g, SR - T dy {1+ fi+fp) €J/p) Acc(/¥) - BRU/¢Y — pp) - Lins| Ay
S | ALICE _ o — :
3 . <o e Extracted from the fits
2 ‘ﬂq—ﬁ"l/ —iTAss EE—ZECV o incoherent (f) and feed-down (f,) fractions
= LHCb  __.7aws I e C(alculated in-situ
oty = —~ = 5 o efficiency (€) and acceptance (Acc)
y e Estimated from calibration methods
(*) measured in |y| but placed in y<0 for illustration o integrated luminosity L. (PAS-LUM-18-001)
e Given as external input
o theBR

CMS Diffractive and photon-induced processes at CMS 18/01/2023 45



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LUM-18-001/index.html

A solution to the two-way ambiguity puzzle

Guzey et al., EPJC 74 (2014) 2942
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\22000900 4
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Diffractive and photon-induced processes at CMS

—> Solve for OyA—J/¢pA (w) aNd OyA—J /4y A (w,)

%=+ Entering a new regime of small x ~ 10*-10" in nuclei

l
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EM dissociative pileup correction

' Pb I Pb*
| |
R ——n |
| |
l Y ¥ |
I > — : | ALICE, PRL 109 (2012) 252302:
: H P! v Large x.sec: !
! » >200b | [ Impact of dissociative PU
l - ut : | | corrected by measuring
: y P! i | neutron multiplicity in
: | : 1| events without any
I n 1| activity in CMS tracker.
: > - — e < I y
| Pb | :- Pb | 0
yy—U M with/without|  different = EM dissociation
neutron emittin ~ collisions | without any yy—p*y
t itting thout any yy—p'
\\ J
Y

yy—H 'y with neutron multiplicity migration
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Coherent J/yp in OnOn, OnXn, XnXn

CMS-PAS-HIN-22-002

CMS Preliminary

PbPb 1.52 nb™ (5.02 TeV)

CMS Preliminary

PbPb 1.52 nb™ (5.02 TeV)
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CMS Preliminary

PbPb 1.52 nb™" (5.02 TeV)

0.5 T r
Pb+Pb — Pb'+Pb'+JAp
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Data in OnOn and OnXn are higher than Leading Twist Approximation (LTA) prediction.
e Data in XnXn stay in between LTA weak suppression (WS) and strong suppression (SS)

assumptions.

e Competing experimental (up to ~8%) and theory (up to ~9%) systematic uncertainty

o experimental related to fit extraction

m subdominant efficiency, luminosity, exclusivity, and neutron bin migrations
o theory related to photon flux estimation
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Coherent J/y cross section of single y+Pb vs. W

CMS-PAS-HIN-22-002
CMS Preliminary PbPb 1.52 nb™" (5.02 TeV)
amar camart | amar s - o-mened ALICE, LHCD vs. 1A
Pb+Pb — Pb+Pb'+Jhp .- = e Data close to IA at low W.
L{ e e Pb—9y/w- .
= | PPt Won =2V @ Epeam 1 e Datalower than IA at W~125 GeV.
£ - -
g — -2 New data from CMS:
2 CMS- e et D e 1 e Rapidincrease at W<40 GeV.
- mole-m"T
_L --=-- Impulse Approx.
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10" N O ALICE*(4<y<-35) __|1ass -~ LTAWS -
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Coherent J/y cross section of single y+Pb vs. W

CMS-PAS-HIN-22-002
CMS Preliminary

PbPb 1.52 nb™" (5.02 TeV)

IIII|IIII|IIII|IIII|II
x~3.8x10°  x~9.6x10" x~2.4x10™
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ALICE, LHCDb vs. IA:

e Data closeto IA atlow W.
e Data lower than IA at W~125 GeV.

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

e Anearly flat trend for W>40 GeV.
Ty e

Slope = 2.98 + 0.42 (stat.) +1.06 (syst.)x107> mb/GeV

No models can describe the entire
data distribution.

Experimental uncertainty highly correlated across W
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CMS-PAS-HIN-22-002
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Nuclear gluon suppression factor

PbPb 1.52 nb™ (5.02 TeV)
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e 1/2
( yA—»J/tIJA)

TyA-]/pA
Impulse approx. (IA)

neglects all nuclear effects.

Rg represents nuclear gluon
suppression factor at LO.

x~103 - 102 flat trend.
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Nuclear gluon suppression factor

CMS-PAS-HIN-22-002
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What physics behind?

CMS-PAS-HIN-22-002
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e O stops rapid rising trend — splitting and recombination of gluons become equal
o Clear evidence for gluon saturation!!?
OR
e Nucleus target becomes totally absorptive to incoming photons — Black Disk Limit!!?
o Nucleus becomes a black disk, internal structure is invisible.

CMS Diffractive and photon-induced processes at CMS 18/01/2023 53



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-002/index.html

CcMS

Exclusive dijets in UPC PbPb @5 TeV

* Analysis selections (part I):
= At least one track in the central tracker
- Particle flow jets using the anti-k, algorithm with R=0.4
= Only two jets |0, < 2.4, pr; > 30 GeV, pr,> 20 GeV

- Veto activity in the forward region (2.8 < |n| < 5.2): HF, HE and EE calorimeters

RAPGAP MC extensively exploited for ep collisions at HERA
is used for modelling exclusive dijet photoproduction via photon-gluon fusion
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Exclusive Dijets with Large Momentum Transfer in Photon-Lead Collisions
=

Exclusive dijets in UPC PbPb @5 TeV

v + Pb — jet + jet + Pb events are asymmetric in rapidity.

Rapidity Gap Selection: No track with p, > 0.2 GeV, |n| < 2.5

Two separate data sets are defined:
one of them has BRG > FRG, and the other FRG > BRG

Z Z Axis

Pb

BRG

¥z l
Pb
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Samples are merged by changing the rapidity sign of the jets in the FRG > BRG dataset. 4
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Exclusive Dijets with Large Momentum Transfer in Photon-Lead Collisions

BRG
No tracker activity far from the jets to reject non-exclusive and two-photon processes.
* max[rljel lrack] = 1
* Backward Rapidity Gap (BRG) > 1.2
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Two-particle (2PC) azimuthal correlations in yp interactions using pPb

vp enhanced

m 816TeV(688nb)

CcMS 2 <Ny <35, {Syy = 8.16 TeV (68.8 nb™) mscms
- ’ 5--v 03<p<3OGeV/c
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E — Fourier Fit
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Ao (radians)

Select enriched sample of yp events in UPC
pPb collisions.

Require no neutron on Pb-going size ZDC, as
well as a large region with no detector activity
on Pb going side.

Plots show 2D and 1D 2PCs in yp events and
min-bias pPb events.

Stronger away-side correlation observed in yp
events compared to min-bias pPb.
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Another novel regime of QCD: Black Disk Limit

L. Frankfurt, V. Guzey, M. McDermott, M. Strikman PRL 87 (2001)192301 Inner structure disappears
L. Frankfurt, M. Strikman, M. Zhalov, PLB 537 (2002) 51
In the strong absorption scenario, the interaction probability @ Q

may reach the unitarity limit. The nucleus target becomes energy increase
totally absorptive to incoming photons.

a)
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PQCD < Ublack - 7T‘Rtaurget
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“Black Disk Limit (BDL)"

- opposite to the “color transparency”

Proton profile function

00 2 4 6 8 10 12 14 16 18
Ibl, GeV

The BDL represents a novel regime at small x when the LO QCD and the notion
of the parton distributions becomes inapplicable for describing hard processes .

- New theoretical tools are needed in this regime!
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The slowly increasing trend at high W

CMS-PAS-HIN-22-002
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e Periphery of nucleus may not be fully saturated or fully black at W~40 GeV, but gradually
turn to saturated or fully black with further increasing of the probing energy.
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CMS-PAS-HIN-22-002

CMS Preliminary

Coherent Jpsi in OnOn, OnXn, XnXn
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ALICE UPC p vs system size

ALICE, PLB 820 (2021) 136481
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Future opportunities

MIP Timing Detector for PID

Time resolution:

al gain (LGAD):

Tracker with |n|<4 and better

resolution, lighter mater
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Exciting opportunities ahead by:

e Higher luminosities.
e Avariety of ion species.
e Upgrades enabled by new

technologies!

Diffractive and photon-induced processes at CMS 18/01/2023 63

CcMS


https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Future opportunities

Various vector meson species in yPb as a function of
y+p—>VM+p a broad W range with neutron tagging
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Future opportunities

VS. VS.

System size scan

e Variation of saturation scales in search for gluon saturation.

e When approaching the BDL:

o Coh. cross section scales with A?3

o Incoh. cross section strongly suppressed, internal substructure becomes invisible
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