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Ultraperipheral Collisions

Pb-Pb
N
« |Impact Parameter : /
- b>R;+R, v
— —
« Weizacker-Williams (Fermi)
« Treatment of electromagnetic
field as flux of virtual photons B l
« Virtual photon flux > 72 /l\'b > 2Rep N1/

« Hadronic interaction is
strongly suppressed v
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Types of UPC Interactions

Photonuclear Two-photon
Pb R Po >
2,
' g; ) J, p v } Ner Tor T2
Po.p & ;g o IV

 Two gluons can be exchanged
without color transfer
 Exchange of a Pomeron
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Photon Source

_h
P=

)\Coherent )\Incoherent
Coherent Production Incoherent Production
« Photon couples to nucleus » Photon couples to part of the nucleus

« Very low py - Larger py
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Motivation

« Higher virtual photon density at LHC
* Probe our understanding of very intense electric fields — QED
« Meson (Quarkonium) photoproduction

* Provide a clean environment to study nuclear structure
« Nuclear gluon shadowing (Pb-Pb)
« Nuclear parton distribution (p-Pb)

« Opportunity to search for exotic particles
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Central Barrel : |n| < 0.9
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Excellent low p; performance : 0.1 GeV/c < p;< 100 GeV/c

Pseudorapidity



UPC Trigger

Central Barrel Trigger
 TOF = 2 hits

« 2 back-to-back in ¢
« SPD > 2 hits
« VZERO-C - Veto

e 37<n<-17
« VZERO-A - Veto

e 28<n<5.1

Forward Trigger
> 1 unlike sign
dimuon candidate
« Track py> 0.5 GeV/c
« VZERO-C - > 1 cell
« VZERO-A - Veto

DIPOLE
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oY production in Pb-Pb
Pb + Pb = Pb + Pb + p°

0 + 17"
p°=> mrm Pb-Pb 15, =2.76 TeV  ALICE preliminary

—— ALICE Data

— fit res.+cont.

Central Barrel Trigger

Particle Identification:;
« dE/dx in TPC

res. contribution only

Interference with non
resonant mt 1"
production.
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Coherent

Incoherent

J/W production in Pb-Pb
JW St JW S ere
S Pb + Pb > Pb + Pb + J/W

—— Opposite sign electron pairs
Ny = 265 + 40
m,, =3.092+ 0.036 GeVic®
G,y = 25.0 £ 1.9 MeVic?

—s— Opposite sign muon pairs
—=— Like sign muon pairs
Ny, =291+ 18

m,,, = 3.096 + 0.002 GeV/c®
—0,,=25+1 MeVic*

. Opposite sign charges
. Like sign charges

dN/dM(counts/40 MeV/c?)
dN/dM(counts/40 MeV/c?)

« (Central Barrel

a5 5 e 6
MP.u (GeV/c)

 Particle Identification:
e dE/dxin TPC

—+— Opposite sign muon pairs
—=— Like sign electron pairs

N, =61+14

e arcall ©  Coherent condition

* pr <200 MeV/c (muon)
* p; <300 MeV/c (electron)
« /DC < 6 neutrons

—=— Like sign muon pairs

N,,=91=15
m,,, = 3.085+ 0.007 GeV/c®
6, =336 MeVic

dN/dM(counts/80 MeV/c?)
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J/W production in p—Pb

o+Pb>p+Pb+JW

e v+p2JV +p
o JW > Ut
 Pb produces a larger
photon flux (Z2)

p-Pb \s,, =5.02 TeV

 Muon spectrometer

e arXiv 1406.7819 - ~ s s s

M, ( GeV/c*)

US-LHC, NOVEMBER 2014 "



et e production in Pb-Pb

Pob + Pb > Pb +Pb +vyy > Pb + Pb + ete

Invariant mass region
around the J/W

Pbe\ —276TV ALICEP li
excluded % ' SNN e relmlnary
: —+— ALICE (2010 data) stat. errors
) : : —+— ALICE EPJC73 (2013) 2617
Part|C|e |dent|f|Cat|Oﬂ } ALICE sys. error
dE/dx in TPC U E Ty ——swaen

Central Barrel

Y e
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W(2S) production in Pb-Pb

Pb + Pb 2 Pb + Pb + W(2S)
o Y25) > JWntm

e J/W 5 ete % Pb+Pb — Pb+Pb+y(2S) Sy = 2.76 TeV
e JW D utpr =
H7H & ALICE Preliminary
n
|-
+ - 8 Coherent enriched
* TITTT. |OW pT © ; samplepT<0.1SGeV/c

* Uty e*te: high p+
o dE/dx in TPC

* pr<0.15GeV/c

(GeV/c?)

Wt
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LHC Run?

* Higher luminosity
« Higher statistics in UPCs

« Measurements for gamma-gamma to spin O and spin 2
states

* VY 2 Ne
* VW21
* VY 2T

« Search for exotic states
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Coherent vs. Incoherent

coherent - no saturation

» incoherent - no saturation
coherent - saturation (bSat)
incoherent - saturation (bSat)
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Counts/30 MeV/c?

W(2S) — Cross Section

Pb+Pb — Pb+Pb+y(2S) sy, =2.76 TeV
ALICE Preliminary

Coherent enriched
sample p, < 0.15 GeV/c

5.5

o e (GEV/CY)
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Pb+Pb — Pb+Pb+y(2S) |y = 2.76 TeV

—i—

Data
uncert? = stat? + syst?

AN MSTWO08
STARLIGHT No Nucl. Eff.
STARLIGHT

GDGM No Shadowing
LM

AN EPS09

GDGM Moderate Shad.
AN EPS08

GDGM Strong Shad. ,/I" i

S
« .

ALICE Preliminary

Models with:
- Impulse Approximation
; Il \o Shadowing

22 - Moderate Shadowing
s, [ Strong Shadowing

.
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ete — [ransverse Momentum

276 TeV  ALIGE Preliminary

—+4— ALICE (2010 data), stat. errors

Pb-Pb 15 = 2.76 TeV ALICE Prellmlnary

- Pb+ Pb+e
G.eV/c2

—4}— ALICE EPJC73 (2013) 2617

ALICE sys. error ete
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J/W — Cross Section — Comparison of Models

=2.76 TeV

%)

Pb+Pb—Pb+Pb+J/y | Pb+Pb—Pb+Pb+J/y Sum
y|<0.9 yl<C

Pb+Pb — Pb+Pb+J/y s, =2.76 TeV a)

o T8 e ALICE Coherent J/y

AB-HKNO7
— — STARLIGHT
R — GM

—— Opposite sign electron pairs
Ny = 265 + 40
.092 + 0.036 GeVic
Gy = 25.0 4 1.9 MeVic?

—+— Opposite sign muon pairs
—=— Like sign muon pairs
Ny, =291+ 18

3.096 + 0.002 GeVic®
+1 MeVic*

dN/dM(counts/40 MeV/c
dN/dM(counts/40 MeV/c?)

- LM-fIPSat
---—--— AB-EPS09
—— RSZ-LTA

PB+PbPb+PbaJ/y |5y = 2.76 TeV

—. Opposite sign muon pairs —— Opposite sign electron pairs

Like sign muon pairs —=— Like sign electron pairs
9115
3.085 + 0.007 GeVic®
64,3326 MeVic’

080 + 0.007 GeVic®
6, =25.0+ 1.4 MeVic®

dN/dM(counts/80 MeV/c?)
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J/W — Invariant Mass p—Pb

ALICE
p-Pb \s,, =5.02 TeV
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2.5<y<4.0

ALICE
Pb-p \ s, = 5.02 TeV
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-3.6<y<-2.6

Dimuon candidates / (100 MeV/c)
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ALICE p-Pb \ s, = 5.02 TeV
2.5<y<4.0
2.8<M . <3.3 GeV/c?

(M1

[TTTT
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0, — Cross Section

Pb-Pb \s,, =2.76 TeV  ALICE preliminary
—}— ALICE Data

—— fit res.+cont.

res. contribution only

M,.. (GeV/c?)
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Pb-Pb \s,, =2.76 TeV  ALICE preliminary
Pb+Pb — Pb+Pb+p

—+— ALICE, stat. errors
ALICE, sys. errors
— — STARLIGHT
GM
- GDL1
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