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e Brief Introduction to “Ultra-Peripheral Collisions”.
e Experimental results from RHIC (and Tevatron).
e Conclusions and outlook for the LHC.
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Heavy-Ion Collisions at RHIC and the LHC

Ultra-Relativistic Heavy-ion collisions
- at the Brookhaven AGS (14 A GeV) and CERN SPS (200
A GeV) since 1986;
- fixed target experiments.
Heavy-1on colliders
- RHIC since 2000 (Au+Au at 100+100 A GeV);
- LHC, expected in 2008(?) (Pb+Pb at 2.75+2.75 A TeV).




Ultra-Peripheral Collisions

- The goal is to utilize the strong
electromagnetic fields in inter-
actions without overlap, n, o« Z=.

-b > or > 2R

- Photonuclear and photon-proton
interactions at unprecedented
energies (at the LHC)!
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Electromagnetic Interactions in p+p and A+A
vs. 1n e+p(A)

e Directional symmetry. Both beams (nuclei) and can act as photon
emitter or target; away from y=0, the different photon emitter/
target combinations give different contributions.

 Strong fields lead to high probability for emission of multiple
photons.

e The photoproduction signal must be separated from the

hadroproduction background (multiplicity, rapidity gaps, ...).
e Results so far on exclusive processes, e.g. Yy—ete™ and YA—VA.

>
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Particle Production and Coulomb break-up

e Very high probability for emitting one soft photon, which can
excite the target to a Giant Dipole Resonance.

e P = 35-50 % 1n grazing Au+Au/Pb+Pb collisions at RHIC-LHC.
e Excitation to GDR leads to emission of neutrons which can be
detected in Zero Degree Calorimeters (ZDC). = Useful as trigger

6 =370 mb 6 =30 mb
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Ultra-Peripheral Collisions at RHIC

Experimental UPC results from RHIC so far:

1) pO-production, Au+tAu—Au+Au+p® STAR
Collaboration (C. Adler et al. PRL
89(2002)272302).

2) e*e~-pair production, STAR Collaboration,
(J.Adams et al., Phys.Rev. C70(2004)031902).

3) J/¥ and high-mass e*e -pair production

PHENIX Collaboration, nucl-ex/0601001.

<— Forward Time Projection Chamber




Ultra-Peripheral Collisions in STAR

Two UPC trigger classes:

1) Topology trigger: Based on hits in Central Trigger
Barrel, with a “topology” cut to remove cosmic rays.
2) Min. Bias trigger: At least one neutron in each ZDC

(Coulomb break-up). Low mult. in Central Trigger
Barrel.

, Cosmic Ray Background
1

Top Veto
1
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Au+Au — Au+Au+p?
STAR Collaboration (C. Adler et al. PRL 89(2002)272302)

Cross sections 1n agreement with

Glauber model:
a T+T-

[] m+7+ 77
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Exclusive: 460+220+110 490*

ﬂﬂ BV Y EREEY: * Frankfurt, Strikman, Zhalov Phys. Lett. B
p; (GeVic) BERRVECIIZRIE
background, like-sign pairs See also S.R. Klein, J. Nystrand PRC 60
(1999) 014903; Gongalves, Machado, J. Phys.
G 32 (2006) 295.
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Coherent vs. Incoherent p¥ Production
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Publised: \/S = 130 GeV, low Pre]iminary; \/s =200 GeV,

luminosity, = 700 p Run-II intermediate
luminosity, = 16,000 pY
(coherent and 1incoherent)
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Au+Au — Au+Au+p?

p? production cross sections measured by the STAR Collaboration
On — no neutron in ZDC; 1n — one neutron in ZDC; Xn — 21 neutron in ZDC

STAR STAR
Vs=200GeV, mb Vs=130GeV, mb
30.26+1.1+6.35 26.2+1.845.8

108.744£9.08+22.83 90+55+20

1.63+0.18+0.34 2.5+0.4+0.6

370.19+£33.26£77.74 285+145+70

509.2+34.5+106.9 410+190£100

Y. Gorbunov, Workshop on Photoproduction at Collider Energies: From RHIC
and HERA to the LHC, ECT* Trento, 15 — 19 January, 2007, http://www.ect.it/.
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Interference in p* Production

The production amplitudes will
interfer (at y=0 [AI=IA,)),
A +A > =2 |A,I> [1 - cos(p-b)]

The interference 1s destructive

because of the (—) parity of the Transverse plane

photon. See S.R. Klein, J. Nystrand PRL
84(2000)2330; PLA 308(2003)323.

Fit the observed t distribution (with
t=p;?) to a function

AN _ pe™ (1+C[R(t)-1])
dt
C = 0 < no interference

C =1 < interference

Sample Dataset

dN/dt (GeV"

% ~0.007 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 9ot
t(GeV?)




STAR Results on Au+Au — Au*+Au*+ete”
T'he total cross section 1s huge, 32 kb at RHIC'!

The observed cross section is a factor 5 -10-% lower!
= e7*,e” emission angle 0~1/y=1/100 = 1n beam-pipe.

Results in agreement
with QED/equivalent
photon calculations.

e .07
EP& Calculaticn {a) - EPA Calculation  (b)
-——-—— QED Calculation = 000 QED Calculation

e S & L.ow mass pairs,
EPA Calculation —— EPA& Calculation 14OS mINV S26O MeV

. (e} . (d)
———— QED Calculation . -—-— QED Calculation

The photon virtuality
important to describe the
yield at low py.

STAR Collaboration, Phys.Rev. C70(2004)031902
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Ultra-Peripheral Collisions in PHENIX
PHENIX (bird’s eye view)

_ electromagnetic
beam pipe calorimeter (EMCal)

Muon

Arm /

zero-degree beam-beam

calorimeter counters
(ZDC) (BBC) Chamber, RICH,..

Drift Chamber, Pad

Level 1 Ultra-Peripheral Trigger: Veto on coincident BBC Inl ~ 3 — 4,
Neutron(s) in at least on ZDC (E > 30 GeV), Large Energy
(E > 0.8 GeV) cluster in EmCal.
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Ultra-Peripheral Collisions in PHENIX

The goal 1s to search for the process Y+Au — J/P+Au. There will
also be a contribution from y+y—ete .

dN/dminv (backgd subtracted) & with
2 fits of expected e+e- continuum shape
(normalized at m_, = 1.8 — 2.2 GeV/c2)

dN/dminV after e*e” continuum
subtraction

m,, (GeV/c?)

2 PHENIX AuAu UPC s} = 200 GeV —~10—
g {unlik lik ) 2
® e*e (unlikesign - likesign pairs t B 12 _
012 - PHENIX AuAu UPC s, = 200 GeV
o 12 I /¥ coherent 2 L NN‘
2 - : e*e” coherent continuum % 8l # e'e (coherent continuum subtracted)
-g 10 .. Ha R max./min. e'e” continuum Ew : A
Z [ High-p; trigger threshold region g L PHENIX Preliminary
8 - k=]
PHENIX Preliminary i
6l a N, = 10 + 3 (stat)
i 3 (syst)
2l
~-- ..... + ° fff +‘#ik
ol 2l %
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Ultra-Peripheral Collisions in PHENIX

The coherent and incoherent
AN, Jdp; = By F(pr)l contribution 1s separated
- sin(R*p;) - R*p;*cos(R*p;)

Fler) = ity based on the transverse
Au distrib.: R = 6.38 fm, a, = 0.54 fm momentum.

A=1300.0+54.3 (}:z.-‘NDF= 51.9/32.0)

dN,./dp; (counts)

PHENIX Preliminary

1 1.2 1.4
pair p; (GeV/c)
D. d’Enterria, Quark Matter 2005, nucl-ex/0601001;
D. Silvermyr, Workshop on Photoproduction at Collider Energies:

ECT* Trento, 15 — 19 January, 2007, http://www.ect.it/.
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Preliminary J/\¥ cross section

/dy|,_, = 1/BR x 1/(Acc| _,.-€) x 1/, x /L x N, /Ay =
= 1/(5.9%)x1/(5.7%"56.4%)x1/(90%)x1/120 ub'x(10 + 3+ 3) =
= 48. £ 16. (stat) £ 18. (syst) ub

Measured J/¥ yield at y=0
consistent w/ theoret. calcs. [1,2]

O

Syst. uncertainty: coherent ete
continuum under J/¥

(work in progress).
Reduction of stat. errors need
larger luminosity.

Current uncertainties preclude
yet detailed study of crucial
model ingredients:

05 0 05 1 15 2 25 G,(x,Q%), o(J/¥ absorption).

y

[1] Starlight: S.R. Klein, J.Nystrand PRC 60(1999)014903, NPA 752(2005)470
[2] Strikman et al., PLB 626(2005)72.
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“Ultra-peripheral” Collisions at the Tevatron

Recent results from CDF Collaboration on p+p —p+p+ete™ via Vy:
A. Abulencia et al. PRL 98 (2007) 112001.

Work 1n progress on p+p —p+p+U*L-
(A. Hamilton, Workshop on Photoproduction at Collider Energies:
ECT* Trento, 15 — 19 January, 2007, http://www.ect.it/.)

Events selected with:

w* - pair: =
«P;>13GeVlc

* [nl<1.2 .
« 2.7 <M,, < 4.0 GeV/C? riggerrase)

8 — No other calorimeter activity:
* In|<7.4

ECT" Workshop on Photo Production, Trento, Ealy




“Ultra-peripheral” Collisions at the Tevatron

Observed invariant mass distribution of the ™ pairs:

w*u invariant mass

'| CDFIl Preliminary

number of events

H w(2s)
: H LN T

|I— L I.IiI‘lI"['|—I|...
B 3 /hl_,:.?,.f 34 ;EI.E-/I\ _-"Id.ﬂ 4

Three possible contributions to this process:

N.B. no feed down from y_ to \P’.
A contribution from O+P also possible (see talk by L. Szymanowski)




“Ultra-peripheral” Collisions at the Tevatron
Calculations for the first two (yy and YP):

o(pp—pp+J/Y(1S)): 15nb o-Br(up): 0.87 nb
o(pp—pp+¥’(2S)): 2.4 nb o-Br(uw): 18 pb

G(pp—pp+ULL): 2.4 nb (m. > 1.5 GeV/c?)

1nv

Applying cuts on the utu—:
pr > 0.5 GeV/c
nl < 2.0 —

e TanE =Y, ey N le slie]
Lo T Tt e ot e e Yol o
Lo oo T e e e e Y e Y
oo g o T e e e e Y e e

dn/dm, [ c® GeV']

Yield(W’)/Yield(J/¥) =
1:50

o(Yyp— Vp) parameterized from data.
See S.R.Klein, J.Nystrand, PRL 92 f . . . =5 5 =
(2004) 142003. My, (1) [GeVic™]




Conclusions and Outlook

e Several interesting results already obtained from RHIC
and the Tevatron.

e The feasibility of studying electromagnetic interactions
at hadron colliders has been proven.

* The prospects for the LHC are promising

. Pb+Pb — Pb+Pb+J/W
AuAu @ RHIC

PbPb @ LHC

* Total
o With Coulomb breakup
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