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Ultra Peripheral Collisions at LHC
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Coherent vector meson production:

* photon couples coherently to all nucleons
* (pp)~1/Rp, ~ 60 MeV/c

* no neutron emission in ~80% of cases

Incoherent vector meson production:
* photon couples to a single nucleon
* (pp~1/R,~ 500 MeV/c

* target nucleus normally breaks up

EM field = photon flux

When hadronic cross section becomes negligible

(b>2R) photons can give:
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Where can we look at them in ALICE ?

Forward rapidity Mid-rapidity
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Tastes differ...

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693

...but no doubt UPCs at LHC are a nice physics opportunity

Nuclear gluon shadowing factor vs x
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Large uncertainties at small x

dU’YPb—)J/U}Pb(t = 0) B 16 Feeﬂ'g , ) . 5
dt o 3Q€W1AIL5T/L/ QrS(Q )EBCJPI:J (1(2 >i|
pr(X,QZ)
Rng(X’QZ) - :
G, (xQ%)  J/¥in Pb-Pb UPC is

a direct tool to measure

Bjorken x ~ 102— 10 nuclear gluon shadowing

accessible at LHC

E. Scapparone DIS2013 4



UPC J/{ at central rapidit
( Strip ‘Drift

UPC central barrel trigger:
e 2<TOFhits<6(|n| <0.9)
+ back-to-back topology (150° < ¢ < 180°)
e« >2hitsin SPD (In]| <1.5)
* no hitsin VZERO (C: -3.7<n<-1.7,A: 2.8<n<5.1)
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Offline event selection:

* Offline check on VZERO hits

* Hadronic rejection with ZDC

Track selection:

< 10 tracks with loose requirements
(In] <0.9, >50% findable TPC
clusters and > 20 TPC clusters)

Only two tracks: [n| < 0.9, with > 70

TPC clusters, > 1 SPD clusters

p; dependent DCA cut

opposite sign dilepton

ly] <0.9,2.2< M, , <6 GeV/c?
MASKELE Scapparene DI52083 . dE /dx in TPC compatible with e/p°
Integrated luminosity ~ 23 ub! / P /U
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dE/dx ") (a.u.)

dE/dX selection in TPC

120~ Pb+Pb—Pb+Pb+J/¥ \'s, = 2.76 TeV
100 |— electrons
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dE/dx (1) (a.u.)

dE/dx in TPC compatible with e/ energy loss
Cross-checked with E/p in EMCAL

+2% systematics due to e/u separation

P.S. we cannot distinguish p from nt
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pt < 200 MeV/c for di-muons (300 MeV/c for di-electrons) .and. < 6 neutrons in ZDC

- Coherent enriched sample
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Pb+Pb—Pb+Pb+J/¥ | s, = 2.76 TeV

coherent photo-production at |y|<0.9

—&— Opposite sign electron pairs
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—e— Opposite sign muon pairs
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dN/dM(counts/80 MeV/c?)
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pt > 200 MeV/c for di-muons (300 MeV/c for di-electrons)

- Incoherent enriched sample

Pb+Pb—Pb+Pb+J/¥ | s, = 2.76 TeV

incoherent photo-production at |y|<0.9
—@— Opposite sign electron pairs

—ae— Like sign electron pairs

N, = 6310
m,,, = 3.08+0.04 GeV/c®
G, = 25+2 MeV/c®
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Yy =2 ee

Outside the J/VY peak opportunity to study yy—>ee

P va P & ZVao Pb
\ﬁ/ \ﬁl

Higher orders could be not negligible. Few models predicted a cross section reduction
up to 30% (J. Baltz, Phys. Rev. C 80 (2009) 034901 ).

STARLIGHT(S.R. Klein and J. Nystrand) implements the above cross section at LO.

Data analysis performed in the invariant mass intervals 2.2 GeV/c2 <M. < 2.6 GeV/c? and
3.7 GeV/c? <M., < 10 GeV/c?
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Previous yy—>ee measurement by STAR at RHIC: results compatible with STARLIGHT within 2 o,
measurement precision 22.5% (stat+sys).

At LHC:
STARLIGHT prediction ( |1 |<0.9, STARLIGHT prediction ( [n[<0.9,
2.2 GeV/c2 <M, < 2.6 GeV/c?): 3.7 GeV/c2 < M,,, < 10 GeV/c? ):
G, =128 ub G, =77 ub
ALICE preliminary result: ALICE preliminarylr':gsult:
—_ +10.
c,~=154 + 11(stat) _;tf; (sys) pb GW:91 i 10(st«jﬂlt_)_8_0 (sys) pb
- ~ 12% precision = ~ 16% precision
70 Pb+Pb — Pb+Pb + 7y |s,, =2.76 TeV M Pb+Pb — Pb+Pb + vy \s,, =2.76 TeV

(ub/ Gev/c?)
(bl GeVic?)
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E;u"-2125'-"2'3"--2'35'--'2'4"-'2;5""2'5""2'55""26 B P SN I A
. . . A . : - - 1o 4 5 6 7 8 9 10
M,., (GeVic?) M,., (GeVic®)

Data 20% above the predictions (compatible within 1 and 1.5 o). 30% cross section reduction
predicted in Phys. Rev. C 80 (2009) 034901 not supported. Consistent with STAR, measurement

precision improved.
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Moreover....
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The J/\V peak region: 2.2 GeV/c? < M., < 3.2 GeV/c? for electron and
3.0 GeV/c? <M, , < 3.2 GeV/c? a for muons

Used templates:

Hadronic J/¥;

Y’ contribution to (in)coherent J/¥Y=> f;
Incoherent J/¥ contribution to coherent J/Y¥ (and vice-versa) = f,
vy =2 €€ contribution to coherent J/Y
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Detail study of the systematics including:
- Luminosity;
- Accxeg;
- Trigger efficiency (random sample);
- Trigger dead time;
- Signal extraction;
- e/u separation;
- yy—>eein addition to the J/¥
(from the same or another Pb-Pb pair)

aArcoh 1 yield

A Ay

coh nTcoh

dy (Acc X €)y/yp - BR(J /¢ — IF17) - Lyt - Ay
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UPC J/ at forward rapidity

UPC forward trigger: Strip Drift Pixel
* single muon trigger with p;>1 GeV/c (-4 <n <-2.5) b

* hitin VZERO-C(-3.7<n<-1.7)

* no hitsin VZERO-A (2.8 < n<5.1)
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‘., . .
Integrated luminosity ~ 55 pb

Offline event selection:

* Beam gas rejection with VZERO

e Hadronic rejection with ZDC and SPD

Track selection:

* muon tracks: -3.7<n<-2.5

* matching with tracks in the muon
trigger

* radial position for muons at the end
of absorber: 17.5<R_,.<89.5cm

* p;dependent DCA cut
e o E. Scapparone DIS2013 T 14
e opposite sign dimuon: -3.6 <y<-2.6

{
B I\
\\
—_— W\

i

WV 4

o7\ Ja .

Il
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Invariant mass distribution:

. Four contributions in the p; spectrum:
*  Dimuon p;< 0.3 GeV/c

*  CoherentJ/Y
* Clean spectrum: only 2 like-sign

* Incoherent J/{ : Nyield
: rielc
events * J/Y from ' decays Njwl; = I — 3
* Signal shape fitted to a Crystal Ball = STt | +h+fp
shape
* Background fitted to an
exponential
* Exponential shape compatible coh +7
with expectations from yy > up NJ v 718+ 10 ( Stat] —11 (SyS[)
process

ALICE: Phys. Lett. B718 (2013) 1273
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dO-COh 1 N(;oh (ACC X E)ﬂ.”? O./-\r-,-},-

dy ~ BR N, (Accx €)eon Ay

Source Value
Theoretical uncertainty in oy,  20%
Coherent signal extraction J_F? 4%
Reconstruction efficiency 6%
RPC trigger efficiency 5%
J /w acceptance calculation 3%
two-photon e™ e~ background 2%
Branching ratio 1%
Total i

dof;’;‘,/dy = 1.0040.18(stat) T3¢ (syst) mb

ALICE: Phys. Lett. B718 (2013) 1273
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do/dy (mb)

Coherent J/Y: comparison to models

Pb+Pb — Pb+Pb+J/y |s,, = 2.76 TeV

e |
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"ot AB-MSTWO8 ® ALICE Preliminary
- ====CS5 = L.eeea,
- AB-HKNO7 *-.. O Reflected
6L — — sanuaHT g
=== GM
5/ --- AB-EPS09 P
RSZ-LTA . .° ..
gL 7T ABEPSOB S 0 e ~,

Good agreement with models which include
nuclear gluon shadowing.
Best agreement with EPS09 shadowing

4/24/2013

STARLIGHT: Klein, Nystrand, PRC60 (1999) 014903
VDM + Glauber approach where J/+p cross section is
obtained from a parameterization of HERA data

GM: Gongalves, Machado, PRC84 (2011) 011902
color dipole model, dipole nucleon cross section taken
from the IIM saturation model

AB: Adeluyi and Bertulani, PRC85 (2012) 044904
LO pQCD calculations: AB-MSTWO08 assumes no
nuclear effects for the gluon distribution, other AB
models incorporate gluon shadowing effects according
to the EPS08, EPS09 or HKNO7 parameterizations

CSS: Cisek, Szczurek, Schafer, PRC86 (2012) 014905
Glauber approach accounting ccg intermediate states

RSZ: Rebyakova, Strikman, Zhalov, PLB 710 (2012) 252
LO pQCD calculations with nuclear gluon shadowing
computed in the leading twist approximation

Plan to include also:

Lappi, Mantysaari, hep-th/1301.4095
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Conclusions and outlook

The J/¥Y coherent cross section was successfully measured in ALICE both at mid-rapidity

and at forward rapidity;

Models including nuclear gluon shadowing are favoured

G.,>ee CrOSs section measured at mid-rapidity: LO implementation gives a satisfactory

prediction

Incoherent J/Y at mid-rapidity coming soon;
p vector meson production analysis in progress;

J/W production in p-Pb and Pb-p interaction in progress

Fpo:154.1i 8.7

dN/dM, , (Counts per 40 MeV/c?)

x10°
. Ultra-peripheral Pb-Pb events at | s, = 2.76 TeV
__ - + TR pairs
15 A=45.72 + 0.41 ¥l <05
- B=-24.4813.17 p, <150 MeVic
Mpc:?t‘:?.a £35 ;¥ 000000 = Resonance + continuum

— Fit range, res. + cont.
-« R@sonance
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