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Ultra-peripheral Collisions

 Large impact parameter(b >R, +R,) 2 no
nuclear overlap = no coII|5|on é

g electromagnetic interactions dominate

A

PN * Relativistic heavy ions are intense source of
b >R, +R, e VAL quasi-real photons
* Q~1/R~0.06 GeV (Au) or 0.28 GeV (p)

¢
2‘1 R, * Photon flux ~ Z? from each nucleus

* Experimentally: very low multiplicity events with
small momentum transfer, rapidity gaps

* Photoproduction in yp and yA interactions
* QED processes in yy interactions

4

A
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Photoproduction of vector mesons

* Has been extensively studied at HERA, RHIC, LHC

* Factorize into
* photon emission
* interactions with nuclear target

* Allows one to probe the nucleus via QCD to learn
about shadowing, saturation effects, nPDFs
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Photoproduction of vector mesons

* Has been extensively studied at HERA, RHIC, LHC

* Factorize into
* photon emission
* interactions with nuclear target

* Allows one to probe the nucleus via QCD to learn
about shadowing, saturation effects, nPDFs

* Coherent interaction: Photon interacts with entire
nucleus
* Nucleus generally remains intact
* Small momentum transfer: p;~h/R,~ 15 MeV
* Max photon energy ~ yh/R,~ 3 GeV at RHIC
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Photoproduction of vector mesons

* Has been extensively studied at HERA, RHIC, LHC

* Factorize into
* photon emission
* interactions with nuclear target

* Allows one to probe the nucleus via QCD to learn
about shadowing, saturation effects, nPDFs

* Coherent interaction: Photon interacts with entire
nucleus
* Nucleus generally remains intact
* Small momentum transfer: p;~h/R,~ 15 MeV
* Max photon energy ~ yh/R,~ 3 GeV at RHIC

* Incoherent interaction: Photon can interact with
individual nucleons
* Nucleus generally breaks
* Momentum transfer is bigger: p;~h/R,~ 100 MeV
* Max photon energy ~ yh/R,~ 20 GeV at RHIC . '

Diagrams from Cepila, Jan et al., Phys. Rev. C97 (2018) no 2, 024901
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Au E Au®

Heavy Vector Mesons: J/y

do? " A—=J/v A

, 022
x (2Ga(2,Q7))
dt
1 Au B E Au
* 2-gluon exchange at the lowest order g+ sawraton -~
* Probe of gluon distribution function o
* For vector mesons: z P
= |8
my/pe? ® |2
o~ i‘f’[ Q@ =M, /4 = |8
S _
* Measurements at different rapidities o®
sample different values of x DGLAR T o
& ®

\J

2
CERN Courier, July 20,2010 /08 (Q%)
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The STAR detector

e Central tracking and particle
identification, forward counters and
neutron detection

* Time Projection Chamber: tracking
and identification in |n| <1

e Time-Of-Flight: multiplicity triEger,
identification and pile-up trac
removal

/¢ .....

'?"

=\g__\l\“

.!\‘.!\‘i- 3

RS ML | o ZDC 18m

* Barrel ElectroMagnetic Calorimeter:
topology trigger and pile-up track
removal

* Beam-Beam Counters: scintillator
counters in 2.1<|n|<5.2, forward
veto

e Zero Degree Calorimeters: detection
of very forward neutrons, |n|> 6.6
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Au E AuF

UPC trigger at STAR

e 13.. Sy

20900900
20000990 4

Trigger requires: :
* Back-to-back hits in BEMC Au ' ko
* Limited activity in TOF
* VVeto from both BBCs

e Signal in both ZDCs (xnxn)

* Energy deposition within 1/4 to 4
beam-energy neutrons

 Full efficiency for single neutrons

TOF. BEMC, |eta| < 1
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J/y candidates observed in e*e” decay channel

200 GeV Au+Au data from 2014 run at STAR

l-q:;"]q.[]—l—lI|IIII|IIII|IIII|IIIIIIII|IIII|IIII|
% | STAR Preliminary 10<y<10
= - AuAu@200 GeV p, <0.17 GeVic
Selection criteria: 8 120~ uPc sample ~-uniike sign
. . . @ L = like sign
* \Vertex with exactly two tracks of opposite sign e [ T oyemsa
9 100— ... Background
* |yl <1 s [
5 [
* p;<0.17 GeV/c 2 gl |
E -
Like-sign background is minimal 60—
Non-negligible background from e*e” continuum is 3
parametrized with empirical formula 40
B A(m—cq)2+com® i
foere— =(M—cy)e ! S0l
* Effective convolution of yy = e*e cross section and i
detector effects 0

4 45 9

M. (GeVic?)
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Transverse momentum of J/y candidates

* Select candidates within J/\y mass
peak

* Distribution is mostly well
reproduced by the template from
STARLIGHT for different
contributions

e ete"normalized using mass fit

* Discrepancy in region
0.2 GeV/c < p;< 0.4 GeV/c
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JIy candidates / (0.020 GeV/c)
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- STAR Preliminary lyl<1 )
B AuAu@200 GeV 2.8 < Mg < 3.2 GeVic
L UPC sample * Data

N . - Sum

:l | — Coherent Jiy

— Incoherent Jhy
-—L- —yy—e'e

| | | | 1
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Separate incoherent from coherent

Iyl <1 - e Data
. 2 ~ 28<m__.<32GeVic? ] — Sum
* PlOt ds d funCtlon Of |Og10(pT ) 60— STAR Preliminary — Coherent J/w
. . C  AuAU@200 GeV ihi —In-:crhere_nt parametrization
e Parametrize the incoherent UPC sample —yr e
50

contribution at high p; (well

above coherent peak) 40

J/y candidates / (0.120 (Ge‘v‘fc)z

__bp2 N
finmhcrmt —A-e T 30 +
N 1,
- rr 1
* Extrapolate to lower p; and 20 1 T
B 1
subtract to get coherent sample o 1 +
oks g mﬁ“u
’5 4 -3 2 1 0 1
Dielectron Iogm{ p$ ) {(Gech)
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Diffractive dip seen in coherent d?c/dtdy

» After background subtraction

* t=x - pT2 . Au+Au — Jhy + Au+Au + XnXn, |s,, = 200 GeV
. (\I: 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1 I 1 | 1 I 1
MOdEI ComparlsonS: “:g E |y| <1 STARLIGHT
. (] o . ..
* STARLIGHT: Klein, Nystrand, CPC 212 (2017) O [y TSIARPrelminary . MS
258-268 E 1:_!* not shown === CCK-hs
* Vector meson dominance > F %
* Glauber approach " \_};
3 | :

* Includes photon p; {

* MS: Mantysaari, Schenke, Phys.Lett. B772 10
(2017) 832-838
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* Dipole approach with IPsat amplitude \! ,-\
« Scaled to XnXn using STARLIGHT 107 :.:'// \‘ |-
e CCK: Cepila, Contreras, Krelina, Phys.Rev. C97 - 3! \
(2018) no.2, 024901 s H I
* Hot spot model for nucleons, dipole approach 10°F \Ul \ ‘ g ‘
+ Scaled to XnXn using STARLIGHT E A R
L 'J :\ : / N *
PR T B T T I R N \".l |
0 0.02 0.04 0.06 0.08 0.1

It ((GeV/cy)
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Slope below first diffractive
minimum is consistent with the
Glauber approach in STARLIGHT

fu+Au — J/y + Au+Au + XnXn, |s,, =200 GeV

yl<t . STARLIGHT
-~ STAR Preliminary

10% normalization error
not shown == CCK-hs

Diffractive dip seen in coherent d?c/dtdy

» After background subtraction

e t= - pTz

Model comparisons:

e STARLIGHT: Klein, Nystrand, CPC 212 (2017)

)
>
(]
S
258-268 g
=
E
)
©

* Vector meson dominance
* Glauber approach
* Includes photon p;

* MS: Mantysaari, Schenke, Phys.Lett. B772
(2017) 832-838

* Dipole approach with IPsat amplitude
* Scaled to XnXn using STARLIGHT 1072

e CCK: Cepila, Contreras, Krelina, Phys.Rev. C97
(2018) no.2, 024901

* Hot spot model for nucleons, dipole approach 107
e Scaled to XnXn using STARLIGHT

.....
. »
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Slope below first diffractive
minimum is consistent with the
Glauber approach in STARLIGHT

Lu+Au — J/y + Au+Au + XnXn, \s,,, = 200 GeV

Diffractive dip seen in coherent do/dt

» After background subtraction
° tz - pT2

. N:‘][]|||||||||||||||||||||
MOdEI ComparlsonS: “:g |y| <1 STARLIGHT
* STARLIGHT: Klein, Nystrand, CPC 212 (2017) S —SIAR Preliminary e, MS
258-268 'E not shown === CCK-hs
* Vector meson dominance =
* Glauber approach S
* Includes photon p; © ++
. : 107k :
* MS: Mantysaari, Schenke, Phys.Lett. B772 S + + .8
(2017) 832-838 : ‘\ ++‘|'-|— ‘l‘ -l- |
* Dipole approach with IPsat amplitude i \ ,-\
« Scaled to XnXn using STARLIGHT 102 :.:'// \‘ |-
e CCK: Cepila, Contreras, Krelina, Phys.Rev. C97 - 3! \ '
(2018) no.2, 024901 s H v e,
* Hot spot model for nucleons, dipole approach 10°F \Ul \ ‘
+ Scaled to XnXn using STARLIGHT E \\ N
Diffrz.active dip arOL.md |t| = 0.02 GeV?is correctly T '6_'02' ' '0_'04' o ""0_{6' ' 'o.los\"' 0'_1
predicted by the dipole MS and CCK models It] (GeV/cP)
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Coherent p photoproduction
* High statistics 200 GeV Au+Au

dataset

* Like-sign background has been
subtracted Au+ Au - p + Au + Au + XnXn, /syny=200 GeV

* Incoherent fit to dipole form 5 e I )
factor at high t, extrapolated to ¢ « £

E 2 ,
lower t and subtracted to 5. b - ‘'a 2
reveal coherent signal \ T i %
] ] . ] 10 | %% : 0 0001 ‘d.doé_"uggg);)‘%‘ T o ‘a' ’-,.
* Diffractive dips evident )\ | ’ ; ]
. 3 Oooof ; | 0.01 : e XnXn ..

* Fourier-Bessel transform of S AL T U L \
do/dt gives nuclear density T “’i M et s
prOfile 10 26 — 4 ’% 0.’1 Tl e N ’ lmpactsparamete:‘:fm]

1 o0 do -t [(GeV/c)’]
Fb) e 5 fo prprlo®pr)| - STAR: Phys. Rev. C 96 (2017) 54904
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Shadowing changes effective shape of nucleus

* Photon fluctuates to gg dipole, scatters off nucleus to emerge as p

* Smaller mass = larger dipole = interacts on the front of the nucleus
e “black disk”

* Higher mass = smaller dipole = penetrates further, sees internal
nucleons

 Woods-Saxon distribution

O, = fd:%ﬂZ;A;e,rp(iZ: I;)lQ

* Do we see a difference in shape for different dipole size (mass) ?
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Data selection and mass binning

* Exactly 2 tracks from a common vertex  AutAu—p+Au+t Au+ XnXn, /sSyy=200 Gev

o |thX| <50 cm 140001~ shun 2 m

. 12000 Z_Preliminary g %

* |y..| >0.04 (removes cosmic rays) S TF > E

. O 10000 @] N =)

* Each track has > 25 space points = soool- e T

> -
* 0.62 GeV/c? < M__<0.95 GeV/c? N i 5 N
« e . . ~ 4000_— E {Qf?@[
* Divide into three mass bins of ~ equal - =
P 2000( i

statistic __leeIS|gn Backglroundl | | ~1~—
0.6 0.8 1
M. (GeV)

PoS(DIS2018)047
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Subtract like-signh and incoherent backgrounds

Red: like-sign background

Blue: opposite sign pairs

- .
iﬂm Preliminary

Low Mass

0 0.2 0.|4
t (GeV2)

JNumberbin

[=]
b

High Mass

— Number/bin

(=]
[*]

=y
(=]
]

L(GeV?)
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Subtract like-signh and incoherent backgrounds

After subtraction of like-sign background

Red: like-sign background
Blue: opposite sign pairs

— Number/bin

e . .
i?-\{m Preliminary

Low Mass

— Number/bin

oz o4
t (GeV?)

High Mass

=
S

1 Medium Mass

e

JNumberbin

0.4

t (GeV2)
2%
- All Mass
éul_

Fit with dipole form factor

u-i._

Numberfbin

Low Mass
Q,%=0.069 GeV?

0.2 0.4

t (GeV2)

T .
‘?ﬂ'nn

1F _—
Preliminary

High Mass
Q,%2=0.11 GeV?

0

012 I
t (GeV?)

dN

A/Q5

dt — (1+1/Q5)

Medium Mass
Q,?=0.071 GeV?

0.2 0.4
t {Ge‘\.’z)
S05F
= All Mass
8¢k Qy2=0.093 GeV?
2 I
10°
10%F
10F
0 0.2 04

t (GeV?)

PoS(DIS2018)047
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do/dt for Coherent p mesons

Au+ Au - p + Au + Au + XnXn, /syny=200 GeV

e After subtraction of incoherent
contribution

* Normalized to same number of
events/M__ bin

* Depth of diffractive dip varies
with mass

—
o
Y

LA

dN/dt (GeV)

—
o
A

T T TTTi

102

LA

I

10

ILBLLLL

I

Ses  Preliminary
Low Mass

High Mass

Medium Mass

PoS(DIS2018)047

o

0.02 0.04

0.06

t (GeV?)
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Transform to F(b)

|

rﬂ]ﬂ.?{
F(b) o5 [ dprprdo(brr)
TJo

do,
dt

* Uset . =0.006 GeV? for baseline

* Below first dip
* Vary as systematic

* Effects of shadowing would be to
broaden the distribution

* In the black disk limit, F(b) would be
constant

* Expect lower-mass to be broader,
flatter
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Transform to F(b)

1 Tmax do. Au+ Au - p + Au + Au + XnXn, /syy=200 GeV
F(b) < —/ d Jo(b . - - .
- Preliminary rr il
* Uset__ =0.006 GeV? for baseline MeE e
* Below first dip 0.04- Jrﬂfr HWH
* Vary as systematic S 00a- HJHJJ !
LL -
. 0.02" Jrjr'I 'HDI'
e Effects of shad.ow.mg Would be to b 7 Low Mass HLL
broaden the distribution B fad” Medium Mass ﬂaﬁ
* In the black disk limit, F(b) would be D;.;—-fﬁ High Mass ﬁjaﬁ
constant B T Sy IETow
* Expect lower-mass to be broader, b (fm)
flatter PoS(DIS2018)047
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Windowing effect from choosing t

Max

l I'max d(‘jf
Fb) o o [ dprprdo(bpr)

27 Jo dt
r - 0.07 —~
0.06" TP Pfﬂi . fo So¥AR
- Preliminary ¢ 1 0.06~ f dﬂlg o
0.05 e g Preliminary
r K Y N 0.05 llrj{L 1 I~
0.04- ¢ "y S : P N T <t
JJ ! = 0.04| I L o
2 0.03- ! p, a | | ;JJ o 9
= H{ 1% Q o 0.03) | | o
! %) - [ il N
0.02 I | 2 . _ N
r [y L1 =) 0.02- 4 —
1 | 1721 i L e
0.01 Low Mass Ly 2 001 Low Mass 1{1 )
L i A . (@)
E m_ei'ﬂ" Mass ﬂﬂ"}% o i Medium Mass T a
0— g ass Rt C . Ly
-—-:_-f'lrﬂ-lrr'r 1 | 1 1 | 1 | 1 1 1 1 1 1 ‘-Ir;:_l‘:c:-‘- DE:'-E:'J_JI‘IHV ngh MaSS 11:1—""':""-—‘:
-10 -5 0 5 10 L1 . I I R R T L
b (fm) -10 -5 0 b (f ; 10
m.

* Choice of t,, affects the shape, particularly atb =0 fm

* Does not change the general trend that lower-mass = wider
distribution
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STARLIGHT, for comparison

* No shadowing effects included

STARLIGHT variation with M__

- Sss  Preliminary :
10° 0.5 ~y SSTAR
: Low mass 5N brefim
- _ —~  oal 1 Preliminary
i Medium mass s
10* . i
: High I\/Iass\ o3|
10° 0.2}
i 0.1 1.1*Low Mass
102 STARL'GHT 1.05*Medium Mas
§ T ok High Mass
0 001 002 003 004 005 006 OD? I1D —— '5' - é - |5 - I1|DI 5
0.2 (GeV2) b (fm)
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Conclusions

* STAR has a high statistics sample of coherently produced p mesons
* Allows clear observation of diffractive dips
» Shape of do/dt sensitive to distribution of interaction sites
* M__ serves as a proxy for dipole size

* Pilot study shows shape difference with mass (dipole size)
 Systematic effects due to choice of t__,

e Diffractive structure also seen in lower-statistics sample of coherently
produced J/vy
* Location of diffractive dip in do/dt consistent with dipole models
* Slope of do/dt at low t reproduced by Glauber model
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