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The LHC as a photon collider

e Ultraperipheral (e.m) collisions (UPCs)
without hadronic overlap: b_._ >R +R_

e Weizsacker-Wiliams approximation:
Coherent e.m. field of Z proton(s)
equivalent to photon spectrum.

® Quasi-real photons with maximum y energies

atthe LHC: @ < @y & % - 80 GeV (Pb), ~ 2.5 TeV (p)

® Photo-nuclear interaction:
Exclusive vector meson production
(this talk)

® Photon-photon interaction:
Light-by-light scattering
Talk by David d’Enterria on Wednesday 12.30

Study the photon-induced processes at the LHC at higher

energies than available before.
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Exclusive Y photoproduction in pPb collisions

® Ions emit quasi-real photon with flux o Z° Pb (p) Pb (p)

® yp: Dominant contribution, yPb: Small contribution

® Photoproduction process sensitive to the square of
of the gluon density inside the proton
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Exclusive Y photoproduction in pPb collisions

Eur.Phys.J. A52 (2016) no.6, 158
I LI 1 1 I LI

® Photonuclear cross-section follows == s | |
power law dependance with W = o[ \- ——
yp ;-10 = vyp—iot
— :
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(same as gluon PDF evolution)

o
oWy, © 10
W - photon proton center of mass energy

® CMS UPCs probe the c.m. energy range L 5 .
Wyp =91 - 826 GeV -
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Typical Y event in pPb collisions

\

CMS Experiment at the LHC, CERN
Data recorded: 2016-Nov-18 05:51:16.422656 GMT
Run / Event / LS: 285480 / 49966555 / 240

Central collision
Events are associated with detector activity




Typical Y event in pPb ultra-peripheral collisions

CMS Experiment at the LHC, CERN
Data recorded: 2016-Nov-19 13:19:56.623727 GMT
Run / Event / LS: 285530/ 185892125 / 159

Events are very clean with two muon
Tracks and no activity in the entire detector
UPC trigger: low-mulitiplicity (< 6 tracks) in tracker




Exclusive Y event selection

® 2013 pPb data at 5.02 TeV with integrated luminosity 32.6 nb" CMS-FSQ-13-009

e Muon p_>3.3GeV, |n| <2.2 Pb Pb

e Exclusivity cuts:
Exactly two opposite sign muons with no extra
tracks reconstructed with p_ > 0.1 GeV

e Upsilonp_: 01 -1 GeV
» Low- p_cut: reduce QED

pPb 32.6 nb™ (5.02 TeV)
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Data-MC comparison

e Data compared to 4 different contributions: CMS-FSQ-13-009

> STARLIGHT MC: yp signal (MC reweighted to match the data), and
elastic background (dominant at dimuon P, < 0.1 GeV)

2> Data-driven: Non-exclusive backgrounds are estimated by inversing the exclusivity criteria (and
normalizing them at dimuon p_>1 GeV)

30
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c\’j>—\ 10% & CMS —=a— Data 5’ 70 CMS —=— Data

] = Prelimi B Data driven background = C Prolimi B Data driven background
©, - Preliminary ) QED elastic T o oNEY S QED elastic

T io2L [ ] v Pb STARLIGHT - [ ] v Pb STARLIGHT
L Evue s B ¥ p STARLIGHT (signal) 50 B Y p STARLIGHT (signal)
= N -

S 10 40

10 20

10

1

0 0.1 02 03 04 05 0.6 0.7 08 0.9 915 05 0 05 T 1500
ps (GeV) y

Good agreement between data and MC

Number of signal events estimated by subtracting all background contributions.
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Excl. Y photoproduction p_*distribution

CMS-FSQ-13-009

> The background-subtracted p_* ~ [t] pPb 32.6 nb™ (5.02 TeV)
distribution, unfolded with Bayesian > [ CMS %/ ndf go8s
method, corrected for the acceptance. (5 gz L Preliminary bl Vass
N S ope 45+t 1.7
> The differential cross section =
estimated by = - b: 4.5 + 1.7 (stat.) £ 0.6 (syst.) GeV™
- - 2 10
COrr b -
doviws) _ ks ett o
dpgr Y(nS)—utpu - I &p% ! n
> The p * fitted with an exponential e e
function (exp™®!'), provides the information - —— X2 minimization fit to data
on the transverse profile of the interaction 10
: o e by e e e v e e b e e ey e by
region. 01 02 03 04 05 06 07
> CMS Results : LGN
b= 4.5 £ 1.7 (stat) £ 0.6 (syst) GeV~
> ZEUS for Y(15) : ) Data is in agreement with ZEUS measurements and
b =4.372° _(stat) GeV consistent with predictions based on pQCD models.

Phys.Lett.B 708 (2012) 14
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Excl. Y(1S) photoproduction cross section vs W

YP
2 Differential cross section estimated CMS-FSQ-13-009
df?‘f{nﬂ] N‘*I’T:*:]
BY{nS]—‘:ﬁ b —
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> The differential Y(15) cross-section @ S o T -
extracted by correcting for branching = ~ —e— CMS (pPb,5.02TeV)
ratio, feed-down, Y(1S) fraction a 103
o)

2 The cross-section as a function of
W _is estimated by
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e — flPsat
e — IIM-BG

YP 1 dO‘ 15) B — IIM-LCG i
o --- bCGC-BG

¥poY(18)p— D dy 1 02 ---- bCGC-LCG =
«‘:9:1/w 171 GeV 243< W, <312 GeV \:l e =
. N ) ’_;33' = Tye = . = e s 5 B JMRT-NLO :
> A fit with pOWGr-IaW AX( Wyp/400) to é 171< W, , <243 GeV  312<W,, <826 GeV —— Fit OMS: 520 961043  —
the CMS data gives, 0 i s

6 — 0.96 i 0.43 | 1 1 | 2 | | 1 | 1 1 1 | | 3 |
A= 655 * 196 pb 10 10w, (Gev)

>ZEUS: 6=1.2+£0.8

Phys.Lett. B680 (2009) 4 Data compatible with power-law dependence of cr(Wyp),

disfavours (fast rising) LO pQCD predictions
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Summary and outlook

® The first measurement of exclusive Y(1S) photoproduction in pPb collisions at 5.02 TeV:
Sensitive to gluon distribution in the proton at x~10-10%,

e The b = 4.5 GeV~ slope of the differential cross section do /de2 is consistent with previous
HERA results and with predictions based on pQCD models

® The Y(1S) cross section shows a

power law dependence with e SMSEciminay 8 PEbi32.6ink (5,02 TeV)
Q o s Tmr e =
, that disfavours fast-rising o B e :
T | ——=—— H1 2000 (e-p)
LO pQCD predictions. 2 [ —— LHCo p. 78 TeY
>’F —e— CMS (pPb, 5.02 TeV)
=10
©

® Upcoming measurement at 8 TeV

— flPsat
— |IIM-BG

— IM-LCG
--- bCGC-BG
- -+ bCGC-LCG

[ ] UMRT-LO

with much larger statistics.
10°
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| IIIIII|

[ 171< Wy p <243 GeV 312< W'Y p <826 GeV — it CMS:§=0.96+0.43

L —— Fit HERA+CMS+LHCb:
6=0.76+0.14
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