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Ultra-peripheral Collisions (UPC)

® Two relativistic nuclei interact electromagnetically 4
by physically missing each other
Z1 AVAVAVAV 24
»Impact parameter b >> 2R,
 ——
AVAVAVAV 4
® Jons are source of EM field A
> Photon flux e Z° P aVaVaVaV
» Weizsicker-Wiliams approximation : Vv v
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d* N, Z%aw? 1
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® No hadronic interaction o
Schematic diagram of UPC
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Kinematics of photon in pPb collisions at the LHC

® The upper limit of quasi-real photon

energyiso =7y /R, ; v =E,/m (Lorentz factor)

e Yiromp: o _  ~1066 GeV
Pb Pb
e ¥ fromPb: o _ ~48 GeV

B The virtuality for the photon is related to the
radius of the emitting particle: Q* = (h¢/R,)?

o vfromp: Q2= 250 MeV?2

e v from Pb: Q2 = 30 MeV?

® Heavy-ion produces huge EM field Photon-Nuclear Interaction

- Photons are emitted coherently by entire nucleus
- Flux drops rapidly with increasing energy
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Photon interactions at the LHC

® Following processes are the photon interaction in UPC
Pb (p) Pb (p)

a) Photon-nuclear interaction(Signal)
- leading to Vector Meson (i.e T, J/4) photoproduction Q2 = 2 v

(This talk)
a) g
b) Photon-photon interaction o
-QED background p (Pb) p (Pb)
¢) Proton dissociation Photon-Nuclear Interaction
- PD background

Photon-Photon Interaction Proton dissociation
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Aim of exclusive Y photoproduction study in pPb

® Photon emitted by Pb nucleus oscillates to virtual qa pair Pb Pb

B qq pair scatters elastically from proton

® Photoproduction cross-section of T is related to the gluon Q= -¢g?

b
density square in proton g8
d T -
Oyp,asvp,a o 3 2172 P P
”c’j Ll =——= 167 [xG(x,Q°)]
t 3a. M, Photon-Nuclear Interaction
H1 and ZEUS
[T 1 W oEs e LS 3 | P BTl
™ B2 = 10 GeV?
.  —mmes -
O ot | m Region of interest for PDFs:

[ model xu,
[ parameterisation .

.......... HERAPDF2.0AG NNLO

-looking for poorly known gluon distribution
in the proton at low-x (2 X 10” to 10™) and
search for saturation effects

arXiv:1605.03459
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Exclusive Y photoproduction in pPb

® Cross-section for the process y+p—T+p 1s
o (W )= WMD6 , where 9 is const

B Region of interest in CMS:
- small Bjorken x
- probe region: photon-proton
center of mass energy W

W, :91-826 GeV,
for x =2x107- 10"

- O fixed target
CMS

B [Low-mass states with higher rapidity probe
low Bjorken x
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CMS Detector

EM Calorimeter
Hadron Calorimeter

&& T e | Muon
(1. 58 TeV) ‘ o i ¥ Endcap

T ‘F
Silicon Solenoid p
Tracker (4 TeV)
Muon Barrel

® Muon Inl < 2.4

e ECAL Inl < 3.0 Hadron Forward(HF)

e HCAL Inl < 5.2 Calorimeter

® TRACKER Inl < 2.5
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CMS Experiment at the LHC, CERN
Data recorded: 2016-Nov-19 13:19:56.623727 GMT
Run / Event / LS: 285530/ 185892125 / 159




Event Selection

> Data was taken for pPb collision with v S.x =3 TeVin 2013

> Total Intergrated Luminosty: 32.6 nb™

> Dimuon Mass cut: 9.1 < Massw<10.6 GeV/c?

» Exclusivity Cut:
No. of Tracks should be 2 in an event (N, =2, trk p_> 0.1 GeV)

Leading Tower Energy in HFPlus and HFMinus < 5.0 GeV

» Muon selection
> Single muon Cut:
- To have good muon efficiency
w', wp.>3.3GeVie, lyl <2.2

> Y selection
» Dimuon p_ Cut:

- Low p_ cut to have good signal/bkd. ratio, high p_ cut to suppress

background from inclusive Y and Proton Dissociation(PD)
- Dimuon p: 0.1 <p_< 1.0 GeV/c
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Invariant Mass Fitting
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B Data fitting (using ROOFIT)

- QED (yy — n*w) is fitted with 1* order polynomial

- Three Gaussian peaks are signal(Y(nS))
-Mass and width of Y(1S) are free parameters
-The T(2S)-Y(1S) and T(3S)-T(1S) mass differences are set to the PDG values
-The widths of the higher states(Y(2S),Y(3S)) are scaled by width of T(1S)

times the ratio of masses(Y(nS)/Y(1S))
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Data/MC comparison

arXiv: 1809.11080

-1
&S 80F —e— Data (b) S 10%g —e—Data = (a)
N FE @ yp - Y(u'w) signal (STARLIGHT) ¢ | B yp — Y(u'W) signal (STARLIGHT)
S  70F @I QED yy — p'i bkg(STARLIGHT) w [ 0 QED yy — u'n bkg(STARLIGHT)
2] - : .. N - [ Semiexclusive u*u bkg (data)
= - [ Semiexclusive n*u bkg (data) . ’ ‘H
¢ 60 pmmmm Inclusive Y — p*u bkg (data) © 10° " NI Inclusive Y — 'y bkg (data)
a; 503_ [ ] yPb - Y(u'w) bkg (STARLIGHT) = - [ ] yPb— Y(u'w) bkg (STARLIGHT)
- Q
30
20 10
10
0 -2 15 -1 -05 0 05 1 15 2 0O 01 02 0.3 04 05 06 0.7 08 0.9 21
y P2 (GeV?)

m Dimuon distribution (y, p,?) of Data compared with the 5 different contributions in the
mass range 9.1 < Mass < 10.6 GeV/c?

up
B Data driven background(Semiexclusive & Inclusive):

-Estimated from non-exclusive criteria by normalizing with exclusive Data at p, > 1 GeV

® MC STARLIGHT:
- vp MC signal
- QED elastic background
- vPb small contribution

The Data(Bkg. Subtracted)/MC comparison is quite promising
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Exclusive Y differential cross section distribution with p, >

m do/dp_? of Y is measured in the range arXiv: 1809.11080
0.01 < p? <1GeV/c? where ltl = p.? « 12 CMS oPb 32.6 nb™' (5.02 TeV)
S [
QQ -
® Following equation was used to % I
c

—_
o

measure do/dp.’

2
T

S
corr -
doy (ns) 3 _ NY(ns) S F
2 Y(nS)—=ptpu~ — 2 s T
dpt L x Apg g 1L
=
. F
corr L ——e— Data
N Y(nS) denOteS the backgr Ound U,__f _—— %2 minimization fit to data

subtracted, unfolded(bayesian method) £10°
and acceptance corrected number of T s R R
signal events in each p,’ bin p2 (GeVy’

o A

® This plot is fitted with an exponential function Ne®" with y? minimization
- CMS Result:
b-slope for all Y(nS): b = 6.0+2.1(stat.)+0.3 (syst.) GeV~
- Zeus Result:
b-slope for Y(1S): b = 4.3 ***(stat.) GeV~ [Physics Letters B 708 (2012) 14 -20]

=> CMS and ZEUS results are consistent
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Exclusive Y differential cross section distribution with y
arXiv: 1809.11080

B do/dy of ('(nS) is measured in the range ~ _ L pPb 326 nb”" (5.02 TeV)
Iyl <22 E 2-5; —s—Data
E -
@] -
T 2F
doy(ns) B Ny 2 f
By Besoww = fay g {
m; -
1=
® do/dy of Y(1S) is estimated using 0SE
following equation T R
y
daY(lS) B fY(lS) dUY(nS) ] . 50 :‘:MS — pPb 32.6 nb' (5.02 TeV)
- YnS)=ptu | € 45E = psar
4y Bys)pep- (14 fro) E—r
= E e bCGC-BG
S 355 55 MAthco
: 8 30F
where f,. . 1s ratio of T(1S) to T(nS) 250
events and f,_is the feed-down 202 e,
contribution to the Y(1S) events o
originating from the Y(2S) — T(1S) + X 5
decays (where X = m*rt™ or 1°n° ) I e ey T Y S T i
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Exclusive Y photoproduction cross section vs W,,,,

arXiv: 1809.11080
| IpIIDbI ?12.6 nb (5'0.2 TeV)

m Cross section of Y(1S) with W?p 1S

measured in an unexplored region of 35 10°
photon-proton center-of-mass energy

(W, 91 - 826 GeV) using
following equations

T T
—IA— ZEUS 2009 (e-p)
—&—— ZEUS 1998 (e-p)
—m— H1 2000 (e-p)
———— LHCb (p-p, 7.8 TeV)
——@— CMS (pPb, 5.02 TeV)

I IIIIIII:O
=
7]

Cyoy(sp

10°

— fIPsat
— IIM-BG

— IIM-LCG

---- bCGC-BG
[_]JMRT-LO

| JUMRT-NLO

= Fit CMS: 6=1.08+0.42

! B —— Fit HERA+CMS+LHCb:
$=0.7610.14

W 2=2E M exp(+y),

vp p

dUY(nS)

dUY(lS) B fY(lS) .
dy Y(nS)—=putyu~

dy B BY(IS)—>y+y‘(1 +fFD)

107 10° W, (GeV)
® Fit parameters of power law dependent cross
section: o,.(W. ) = A x (W/400)°
- CMS result: ,
0=1.08 +£0.42, A =690 + 184 pb
- ZEUS result:
0=12+08

1 doy(is)
2y
Tp-xasyy Wip) = 4,

where ¢ 1s photon flux
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Summary and Outlook

B Invariant mass plot shows three distinct peaks of Y (1S),Y(2S),X(3S) after
exclusive event selection.
- 1* measurement of Y(nS) for 5 TeV with pPb collision in CMS

m Slope-b measured by exponential fitting of do/dp.? vs p,’ plot with y* minimization
- CMS(b,,, = 6.0£2.1(stat.)£0.3(syst.) GeV~?) and ZEUS(b,,  =4.3 7 (stat.) GeV~)
results are in good agreement

T(1S)

B do/dy of Y(1S) is consistent with most theoretical predictions

B Cross section of exclusive Y(1S) is measured in an unexplored region of photon-
proton center-of-mass energy W 91 — 826 GeV

- It shows a power law dependence cross section of Y(1S)
- O‘Y(Wyp ) = Wypa , where 0 = 1.08 + 0.42(CMS), ZEUS result: 6 = 1.2 + 0.8

- It 1s consitent with other experimental results and disfavour with fast rising
LO pQCD prediction

® This analysis puts a new constraints for the evolution of gluon density at low
Bjorken x in proton

B Ongoing exclusive Y(nS) analysis at 8 TeV with higher statistics
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Thank you for attention!
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