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v+y (Coherent) vs y+A (Incoherent) Production
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PHENIX UPC Data-sets
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Runs 2011 and 2014 Au+Au data still to be analyzed (~2500/ub)

3/22




P

v Au — J/y Au* Triggers in PHENIX

Au

UPC dedicated triggers
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Large probability to exchange
additional photons by GDR
= 1 or 2 ZDC trigger

Electron sample = EmCal
trigger, E<0.8 (2004) or 1.0
GeV (2007)
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PHENIX MB: 4kHz
PHENIX ERT2x2(EMcal): 8kHz
PHENIX MUID2D: O(100) Hz

To reduce trigger rate,
ZDC was required...
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Mid-Rapidity J/@ + Xn, [n|<0.35

PHENIX Detector

vy Au — Jhy (— e*e) Au*

DC & PC tracking detectors
RICH & EmCal electron identification
devices

‘Beam View

Offline analysis cuts
1. |collision vertex determined from tracks reconstructed in
the PAD chambers|< 30cm
2. Number of tracks==
3. North or south BBC charge==
4. Energy deposit of ZDC>30GeV
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Number of tracks==2
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First Result: Run2004 measured invariant mass

PLB 679 (2009) 321-329
« 28 unlike-sign pairs and no like-sign pairs of m_, > 2 GeV/c?
= Clean sample, with ~no background !
* Invariant mass fit input:

« Coherent continuum shape derived from theoretical STARLIGHT-MC
iInput + full detector simulation and reconstruction

dN./.-.dme+e— =A-: exp( C me+e-);

m 12~
"g' - « e'e (unlike-sign pairs) :_.g‘ 200 Simulated
g 10 77 s g 1%
T ) = 160
~ Ly yy;—>e+e ‘e’ coherent continuum £ 140 fl-lr;fl\JI?aLt:(();n'_s'T!-
o 8—
_E - : * max/min e'e continuum % 120 dectector
> 6 - 100 simulation &
T reconstruction
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o Jy Gaugsian fit shape = width 155 MeV/c? consistent with MC
N(J/y) =9.9 £4.1 (stat) £ 1.0 (syst)

Mickey Chiu 7122



Continuum component (y y — e*e’) characteristics
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Me [2.0,2.8] GeV/c?

N(e*te)=13.7+£3.7+£1.0
m,, € [2.0,2.8] GeV/c?
Slicing in mass
* N(e*te)=74+£27+10
M, € [2.0,2.3] GeV/c?

« N(e*e)=6.2+25+1.0
M, € [2.3,2.8] GeV/c?

Yy — e*e" spectra is peaked
at very low pt

* p; dist consistent w/
constraint of nucleus form

factor —» Evidence of
continuum e*e- coherent
nature
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Coherent di-electron (y y —> e*e”) cross section

e Cross section g, ., Nyt 1 1

dy d’me+g— |y|_:::|:|_35’$mc+e_ B ACE £ E[:fﬁ,gg - .I:ii_ng ..ly ..iﬂ-l!-eﬁ'g—
Mo~ [GeV/e?] d*c fdmg- - dy|y=0 [ub/(GeV/c?)]
data STARLIGHT STARLIGHT:
ete~ continuum [2.0,2.8) 86 = 23 (stat) = 16 (syst) 90 WW approx. in
impact parameter
e'e” continum [2.0,2.3] 129 £ 47 (stat) £ 28 (syst) 138 space with Breit-
ete” continuum [2.3,2.8] 60 £ 24 (stat) + 14 (syst) 61 Wheeler (LO) eqn

* Results consistent with QED theoretical (STARLIGHT)
calculations

 Caveat: Baltz, PRL 100 (2008) 062302

* NLO calculations seem to suggest that higher order

corrections would suppress the e*e- cross-section by ~20%
* B~ Zef ~E . Zay for b~1/A, (Compton wavelength)

b : ” :
« E, =m°c’/he  Schwinger critical field strength (1.5x10%6 V/cm)
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dN/dm,, (counts)

Jhy Oransverse momentum distribution
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0 I
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AN/ dpr = A -py-[F(p7)l =

= coherent (yy) J/y production

 Butthere seems to be also an
iIncoherent (yn) J/y component

* Hints of both coherent & ‘

Incoherent J/y production in _ ol
0.1 0.2 0.3 0.4 0.5 0.6 0.7
2004 data p2 (GeV2ic?)
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do/dt. mb GeV™)

coherent and incoherent distribution

Strikman et al calculate that quasi-elastic
. (incoherent) J/y cross-section comparable to
¢ Strikman, Tverskoy, Zhalov, PLB coherent production at mid-rapidity
sk 626 p. 72-79. 2005 3 Incoherent J/y produced from photo-nucleon
' interaction
*Much larger t distribution expected for
incoherent
. *Both process emit only J/y and nucleons. p+
: distribution is important to divide them, as well
as directionality of neutrons.
Strikman’s predictions say at central rapidity,
coherent process is dominant, but at forward
rapidity, incoherent process is dominant at
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counts

Run 2007 Central Arm Results (|y|<0.35)
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Clear J/y peak
Only unlike-sign pairs over 1 GeV
Clear Coherent (low p;) peak and incoherent distribution
46.7 £ 13ub for pr < 0.4GeV (upper limit of coherent)
« compatible with suppression (shadowing) of gluons at low x
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Cross-section, Jiy +Xn Central 2004 & 2007

UPC Au-Au— JI¥ Xn @ 200 GeV

® PHENIX RUN4
PHENIX RUN7 preliminary
““““““““ Strikman et al, incoh.

do/dy (u b)
[ ]

Kopeliovich et al, incoh.
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y

2004 PHENIX
76 + 31 (stat) £15 (syst) ub

2007 PHENIX )
61.8 £ 17 (stat) +15% (sys) ub

do/dy (1 b)

UPC Au-Au— J/¥ Xn @ 200 GeV
[ ] PHENIX RUN4 & 7 preliminary

Strikman et al, coh. + incoh.

B Kopeliovich et al, coh. + incoh.

10r 2004+2007
66.2 = 15.1 (stat) +7241 (sys) pb
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J. Nystrand, Nucl. Phys. A 752(2005)470c; A.J.
Baltz, S.R. Klein, J. Nystrand, PRL
89(2002)012301; S.R. Klein, J. Nystrand, Phys.
Rev. C 60(1999)014903

M. Strikman, M. Tverskoy and M. Zhalov, Phys.
Lett. B 626 72 (2005)

V. P. Goncalves and M. V. T. Machado,
arXiv:0706.2810 (2007).

Yu. P. lvanov, B. Z. Kopeliovich and I. Schmidt,
arXiv:0706.1532 (2007).
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* Clear J/y peak

* Only unlike sign pair (2 GeV>mass)

« Coherent(low p;) peak is not so clear
« But still O p; peak
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Neutron emission for dimuon J/y

North ZDC South ZDC .
« Same side:1300GeV
R NZEsame . F SZEopp .
coves o1 |8 crves 54 * Opp side :700GeV
Dimuon s ases RS 8367
North  =f :
N 4 opp side
'3 W Multi Photon
el LML DL LA, ) % ¥ ..qﬂ.h.nn. ‘Jﬂm.nnﬂ.ﬂ.n.g@m. Ll ] excitation__.
¢ oF N?EODD ¢ .E SZEsame
Dimuon e 7rae e 1o0n %
South
b | | Dmhy] | 25
Multi photon
excitation
+Nuclear break up
e If this was a nuclear hadronic collision, the by recoiled neutron

asymmetry can’t be explained
» Consistent with UPC (incoherent) process
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Continuum for dimuon (1.2<|y|<2.2)

North dimuons, p; < 0.5GeV/c
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Background by UPC process are suggested
*yy=>U+Hd- continuum?
*UPC c-cbar?
«vyAu=>dipion=>dimuon?

16
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Run 2010 J/y +Xn(y>0)Yn(y<0), Muon Arms

= 10
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rapidity

*The p; distributions at forward rapidity shows that

Incoherent process is very visible at forward (1.2<|y|<2.2)
*Can’t easily see coherent peak

*There are no theoretical predictions with XnYn condition
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Possible background sources

* Non-physical sources:

x Cosmic rays:
no vertex, no ZDC.

x Beam gas interactions:
Ino vertex, large multiplicities.

=Trigger criterion gets rid of those

« Physical sources:

x Peripheral nuclear A+A collisions:
large multiplicities, large p-.
x Hadronic diffractive (Pomeron-Pomeron, rapidity

gap):
forward proton emission, larger p;: p+(yy) <
pPr(PP),

expect like-sign pairs too.
—=Analysis cuts gets rid of them
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Comparison with p+p for dielctron

Mass distribution
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p+p (ncoll=1 limit),

« J/y events are associated with
additional tracks

At p; ~2.5 GeV/c, unlike/like~2
UPC and PP J/y p; distribution is
different
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Comparison with pp for dimuon

Mass distribution
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Even pp (ncoll=1 limit),

Jhy events are associated with additional
tracks
At p; ~2.5 GeV/c, unlike/like~2
UPC and PP J/y p; distribution is
different
Central multiplicity distribution suggest
little most peripheral contamination

* About 3 J/y per arm.
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v+y, v+p, y+A “Applications”

*Higgs as well as many SUSY ptcls should be produced at the LHC in y+y and y+p (y+A)
*High energy photon interactions at the LHC, de Jeneret et al, arXiv:0908.2020
*FP220, FP420
*Observation of exclusive charmonium production and gamma+gamma to mu+mu- in p+pbar
collisions at sgrt{s} = 1.96 TeV, CDF, PRL102:242001,2009

Nucleus-Nucleus Interactions

13 H ” 2 2 _2 H
“Direct” measurement of G(x) atx =m<... /W% =1.5x1 from photoproduction (c~g?(x))
g 5 B Nuclear DIS & DY data: . ; &
| 8 10 RHIC data (forw.n) ® QIEHACC(IELSS)Q IS)
s, N [ ] - T TTTTIT T TTTTIT T TTTITI T TFTT .
o lAdH ., BRAHMS h (n=3.2)  EnaL-E6s5 (DIS) | A 14
" -| 10 PHENIX h* (n=1.8) A EMC (DIS) _
212+ - X% FNAL-E772 (DY) 1.2
o L 10° PHENIX UPC J/Psi ;
2 10 UPCPbPb—Y P L 1.0
T 08H 1 YI<25, sy = 5.5 TeV 0.8
S 06 10 0.0
204 Leeuave [ S m— 0.4
[ W B non-perturbative
<02 T ot 0.2
] 10- A A | |||||||| | |||||||| ] |||||||| I
-3 -2 -1
102 g s e 10 104 10+ x
EH 10 10 10 10 10 10 X .'Eskola,Paukannen,Salgado JHEP 0904:065 2009

*Possibly study dynamics of J/¥ propagation through nuclear matter
*Feature or Bug?
Test of QED in strong-coupling regime?: a=Zogy,~0.6
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Summary

First measurement of J/\y—e*e- photo-production and of two-photon
production of high-mass e*e" in nucleus-nucleus interactions

» Other hadron collider measurements: CDF(J/V,¥'...), STAR (p), LHC

Testing of our understanding of these processes
» Strong QED (continuum at mid-rapidity)
» Coherent vs Incoherent Processes
 Does DESY experience translate to hadron-hadron colliders?
 Indications are that it does
» How to trigger (experimental issues)
* Good progress on this issue
Important for
» Future searches for new physics in diffractive p+p and Pb+Pb at LHC
« Can reach mass at TeV scales — good sensitivity to Higgs and SUSY

« Constraints on QCD background to above searches by measurement of
g(x) and g,(x) at low x
» Gluon Saturation, EIC diffractive J/y

« Understanding J/V¥ propagation through nuclear matter?
» Tests of EM in strong coupling regime — Reaches Schwinger Limit

Future: VTX/FVTX (charm), sSPHENIX
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