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Photoproduction & electroproduction at an EIC
Overview of eSTARIight

Coherent photonuclear cross-sections are parameterizations % 1: .
of o(yp) from HERA/fixed target data or theory % ;
Convolution of photon flux from electron with c(yp->Vp) 5 10 E
2 s [
o Both depend on Q L eA | I/ — ete™
1D’2§— - =
Weizsacker-Williams photon flux (with non-zero Q?) E -
A +
Nuclear targets included with a Glauber calculation 10°F + E
_ + T
Vector mesons retain the photon spin I HJr
- . 107 T1 * E
o For Q% ~ 0, transversely polarized ; T H j{ ﬁ J{
> As Q? rises, longitudinal polarization enters mJ_,:_ J{ WL |
> Spin-matrix elements quantified with HERA data R R Y
HGeV/ic)

Embodied in eSTARIight code, available at:
http://estarlight.hepforge.org
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Coherent Vector Meson Production e*e” in All-silicon detecgor
eSTARlight

Systems studied:
Collider configurations:

Electron (18 GeV) on Au (100 GeV) for and

Electron (18 GeV) on protons(250 GeV) eA | Y(1S) - ete”

Electron (18 GeV) on protons(100 GeV)
Vector Mesons:

Y - efe”

Y(1S), Y(2S), Y(3S) » ete~

Rapidity Beam Convention

p/Au—> «—e

(Silicon Barrel Remove.a--)_._‘_l
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Photoproduction of J/{ ( Q% < 1 GeV?) p/Au—> +— e~

Iy »ete” . B
For VM Production, a larger target has narrower rapidity range.
EleCtron (18 GeV) On Au (100 GeV) [2] 14‘00 I | T T 11 | T T T | T 17T 11 | T 1T 1 | T T 7 | I T 11 | T
Electron (18 GeV) on protons(100 GeV) ‘g - .
_é - ]
ﬁ Elll I IIIIIII| I IIIIIII| LI IIIIII| I IIIIIII| I I-Illlt m 1200__ - e+p __
= [ Outgoing electron deflection angle i m e+Au i
10°F .3 1000— —
10°F - 80()_— —
[ 600 — e+p higher Bjorken-x
10k 3 - R gluons
f a00— % _
10°F = = i i
W | il ol 20()__ ]
10 10 10 Photon Q2 - | | | | | | | ]
At low Q?, the scattered electron is less than 1 radian -3 —2 -1 0 1 2 3 y

e+p at 100 GeV is like incoherent
photoproduction in e+A
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Electroproduction of J/{ (Q? > 1 GeV?)

_|_ —_—
J/LIJ —> e e Similar Rapidity distribution for higher Q?
Electron (18 GeV) on Au (100 GeV)

}2 _| T 11 | T T T | I T 1T | T 11 | T T T | I T 1T | 1T 1T 7
Electron (18 GeV) on protons(100 GeV) € B i
= L _
w T T T T T T TT T T T T TT T TT T T T T TT T T T T TT h12{}0_ 1
2 108 \ | | | | | | | L

g — 2 2 . - m e+Au n
8 1<Q <10 (GeV?) . 1000— ]
%10-"5 —— 0.1 <P <1 = - i
5 F 001 <Q?<0.1 . B i
B i 800— —
10* = - + i
i : soo- L4 4+ .
103§ = B i
- E 400~ + ]
10°E — - _
- . 200— _
B Ll ‘ L1 1 L1 L | l Ll L1 1 | L | ‘ L1 ] — —

0 02 04 06 038 1 12 14 16 1.8 2 oo v v b v b b o b Ly

0 (rad.) -3 -2 —1 0 1 2 3

. ) final state J/y rapidit
As we push to higher Q?, easier to measure W Tapiciy

the scattered electron
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Bjorken-x for proton and Au targets

Events generated with eSTARIight

Narrow range of rapidity (Bjorken-x)
for coherent vector meson
production

Larger my corresponds to tighter
rapidity range

Electron (18 GeV) on Proton (100 GeV)

da/dy (pb)

10

107

[ x-bjorken { ep ->ep + J/y | ]

x=0.01
0.01 = x < 0.03
0.03 < x <007
x =007

3 4 5
Jiv rapidity

J/U (0 < Q% <10 GeV?)

Electron (18 GeV) on Au (100 GeV)

E“ —IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII—
= na_x-hinrhen{e.ﬂ. = eA 4+ Jiy ) n
10F X < 0.003 E
2 F 0.003 = x = 0.006 .
B 0.008 < x < 0.0 j
1ee x=0.01 |
3 E
e E
107E E
10_2 IIIIIIIIIIII
3 - 0 5 1 15 2

Jiw rapidity

Probe lower bjorken-x with heavier target
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Bjorken-x for proton and Au targets J/{ (0 < Q2 < 10 GeV?)

Detector Acceptance requirements

4+ —
Electron (18 GeV) on Au (100 GeV) J/l-lJ — e e
e ~Errrprrrrprrrrprrrrp rrrrfrrrrprirrTirr i TS E“1]:'1'-||-IIIIIIIIIIIIIIIIIIIII L III_
£ | xbjotken (A = eA + Jiy | AL S 107 x-bjorken { eA -> eA + Jiy ) E
-‘-'-"10'1 E 0.003 = o=, B x = 0,003 .
] - X o= 3 e
= 0.003 < x = 0.008 ] = 0.003 < x < 0.006 ]
E 0.008 < % < 0.01 ] E 0.006 = x < 0.01 7
x> 0.01 10°E x =001 —
10°F E = =
10 E 10 = e 3
— _ - '.\'. n
1E = 15— \ =
10'E = 10 f W \ —
: ] = " ‘ .
10_2 i Ll | L1 1l | L1l I_ I’ﬂh‘ | I | | | I )
—_ —_ —_ 2 ] 1 1 1 1 1 1 ] 1 1 1 1 1 ] 1 ] 1 - 1 ] L1 1
3 -25 15 -1 5 0 05 ‘14”4' Jaﬁim WE 1072 g . 4 v -
Events generated by daughter e” 7
eStarlight Electron pair’s pseudorapidity important for detector acceptance
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Bjorken

-x for proton and Au targets

Electron (18 GeV) on Au (100 GeV)

E“ =R | LI | L | L | | UL | | LI | | LI | | LI | | LI | LG
= ol a-bjorken { @A -= gA + Jiy ) |
JO°F x < 0.003 E
= 0.003 < x < 0.006 .
B 0.008 < x < 0.01 -
e %= 0.01 |
10g E
1E E
10_1 E_ _E
2 1 ] || 1 1 1 | 1 111
103725 1.5 5 0 05 1 15 2
Jiw rapidity

Events generated by
eStarlight

J/Wand Y(1S) (0 < Q2% <10 GeV?)

Electron (18 GeV) on Au (100 GeV)

E“ rrryrerrprrryrrrprrrprrrprrd | | L | T | |
5103 | «-Djorken { eA = eA+ Y (15} ) -
e - X< 0017 E
= 0.017 < x < 0.02 .
_E R 0.02 « x < 0.025 i
- x> 0.025 .
10 =
e E
107E E
| | | | .| | 1 1 1

2||||||||||||
W5 38 16 14 1.2 04 02 0

Y (1S) rapidity

Larger my, corresponds to tighter rapidity range
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eSTARIlight with EICROOT
Full Detector Simulation & Reconstruction

BeAST Detector (Brookhaven eA Solenoidal Tracker) LBNL All-Silicon Detector
*Silicon Tracker (Developed by LBNLs eRD16 generic EIC detector project)
4 layers with 0.3% Xyeach *Silicon Tracker
*TPC 6 layers
2 mlong, Gas: Argon:Freon:lsobutane(95:3:2) *Silicon Endcap Disks
*Silicon Endcap Disks 5 disks
6 disks
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[ L] . . . + —_

Detector Reconstruction Comparison 2 Particle Simulation (e*e™)
105§ E : LI LI LI T TT TTTT T TT LI T TT \:
BeAST Detector I oo s e All Silicon Detector .- coms s 1w
Electron r] < 4 104§ % Sigma 0.03336 £ 0.00117 E EleCtron r] < 4 ; A :::a 0.012:94_-6;:;22 E
Y f [ ey *
All Events : ] CE 4T E
. f / Et T z
normalized to ]| . . o i
10 fb~1/179 = : H T _
3 Tesla Field we 3 Tesla Field ; }L ﬁ E
295 3 805 81 315 32 825 33 335 I T B Y IS R R TN E R
Mass (GeV/c?) Mass (GeV/c?)
E‘ ' ‘ | ‘ ‘E 7\ 1T I L ‘ LI T TT T TTT T TTT L Il

: + %2 I ndf 33.08 /30 : G
Constant 3.005e+04 £ 1.519e+03 1 05 ; ‘:; ot 8569129 E
i i + :‘i:?:a 005:429-;::0::: ] E :_,;’:f_k Constant 1.274e+05+ 5.131e+03 E
10* = +++++ = L ++ Méan 3.093 % 0.002 ]
F ; s E L _+_+ Sigma 0.02962 £ 0.00224 -
: H ] we T E
ﬁﬂ }L f R . z
ok i - # f # 1
1.5 Tesla Field G 1.5 Tesla Field '

2.9 3 3.1 3.2 3.3 34 L | | | o b I
Mass (GeV/c?) 3 305 31 315 32 325 33 335

Mass (GeV/c?)
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Bjorken-x for Reconstructed J/U (0 < Q2 < 10 Gev?)

eSTARIlight eSTARIight & All-Silicon Detector

B 1 5 [T T T T I T[T [TTT T[T TTH — 3_—| 1 1 1 1 1 T T 1 1T 1 1 L L
] : Em&:xhprkenx{f:m;mm] ] E'IU : | | | | | _§
1 ndf 1917/7 E E 0.003 = x = 0.006 = - l-hjorlr,_en .[ ef -» gf & J;‘w :| ]
10° == Constant 3.297e+05=1.129e+04 - S-E%E;Ix <0 -g : x = 0.003 :

g ear IR T ' 4 B 0.003 < x < 0.006

B 4 Sigma 0.01123  0.00028 l E 1 02 - 0.006 < x < 0.01 -
B ++ . - - x> 0.01 3
104 +$ — 10§ [ ﬂ i ]
PR L _ A Gl i mqum\ww _
A I CHCUA A ik T
103:<‘> = - E H E
é # H 1wl i :
[l \ ! ; R S N . 1 —
29 295 3 305 31 315 32 326 33 yoebiuBenlliis e bnlon) = =
Mass (GeV/c?) : : : : Jiw répidity [ i
. . . -1 — —
« No background in reconstruction, only the daughter particles '° - -
» Select events within 30 of J/{ resolution n ]
-2 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
107, 3 2 1 0 1 2
Jhy rapidity

Reconstructed J/y
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e+p

eSTARIlight with EICROOT e

250 + - i’: - -

M . B ; i 154/ 4 g120- @° < 0.01 (GeVicy -

Full Detector Simulation & : A e : m Tt ]
R t t R 200~ 7 Mean 3.002 0003 100~ WL + + H‘ - ?':J(zz( :f;f:vf)z ]
B Sigma 001628000223 | - Vet <100 eV

econstruction - ] 3 H E
150? 7 B <|> ]

+ : 2.6 pb -1 60 J( + N
- 100~ - L ]
/g —»eve : h - | ]
50 . o] % -
. . . . . . - + — [ :i::i::t+i:~::i:i+:.:+ + -
Comparison of rapidity distributions for i T I Eooot bt o

. . 0 —+‘—+_|+_‘ R L T L ) A== . L L L 0 L L 1 *2 L L L 4 1
different Q2 regions 285 % 3% 31 3 A O Iy rapidiy
for:
e+A

e+p(18GeV0nZSOGeV) _‘ | 3 T ‘I\II‘I\\I‘II\\\III =

250— - 2 L ]

e+ A (18 GeV on 100 GeV Au) - : Z1a00T }L E

L %2 1 ndf 50.34/10 | ‘g O Q* < 0.01 (GeVicy i

o wote 0 HH kel

B Sigma  0.0134 +0.0008  _| 1000 i WHHU[ J{ 1.0<Q*<10.0 (GeWC)QE

150— — L ]

E 12 nb~ 1 E 800 WL H+ -

100} { soof— —f

)

C ] i + ]

B i _ ah _

Do bt et N e 10T 200: ﬁﬁ_ﬁﬁ# £ ]

02.9 2.95 3 3.05 3.1 3.15 3.2 3.25 3.3 07 Lok Bl il | | | Lo (]
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Jhy rapidity
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eSTARIight with EICROOT

Full Detector Simulation &

Reconstruction

E T rrrr e
a [ x-bjorken { ep > ep + Jiy |
z == 0.01
EWJ; 0.01<x <003
F 0.03 = x =007
x =007
10°E
10
F
10"5—
Z
107¢

2

3 4 5
Jhy rapidity

Resolution drops at backward rapidity

ep | J/P —eTe”

120—T— T 11T T T T 71 T T T T T T T 7T T T 17T ‘ T T 17T ‘ T T T 7T ‘ T T [] T 1T ‘ [ | LI | T T 17T ‘ 1T 17T [ LI T T \7
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B n 80— —
80— Jpsil<y<2 . C JpsiO<y<1 ]
L 4 80— —
40— — B ]
r -4 40 + —
20 + 1 20f .
I + 1 7 ]
0 4( ++| ) HT+|+ﬁ| bl = = SR R R A S AR 0 W -+ Ho. T |_+.,_+,_+, | ‘.f-‘ L \ L I I I A _u_\_
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*‘ LI L T T 1T LI ‘ LI LI | L ‘ T T 1T 174 904 LI L T T 17T T T 17T T 1T LI | LI | T TT1]
100 ~ ‘{“ 22/ ndf 953/3 | 80 22/ ndf 2471/11 -
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o - =
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o + - 3
- 1 200 =
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i 1 10 ! -
e T 1 "t ;
obbesat bttt L N 1 s Wl e et R N e S Y =
29 28 3 305 31 315 32 325 33 29 295 3 305 31 315 32 325 33
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Resolution by Rapidity Slice
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eSTARlight with EICROOT ep | J/b > eTe”
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Bjorken-x Rapidity Distribution eA|Y(1S) - ete™ (0 < Q2 < 10 GeV?)

eSTARIight Simulation ( no detector ) eSTARlight & All-Silicon Detector
§ El[]a S I B N B B B B B B N B B B B B B B
| x-bjorken ( 0A > A + Y{1S)} o | xbjorken{eA >eA+Y(1S)) -1 .
g.w,i x<0.017 - F x<0.017 35 pb ]
= F 0.017 < x < 0.02 2 F 0.017 < x < 0.02 7
'8 K D02 <x <0025 'aDE - 0.02 < x < 0.025 —
10° x> 0.025 = x> 0.025 E
; - g i
: T i PR + l
I H 10 _
10 { 2| S 4 E
2 s = ]
1 4 E }l t ‘ ‘ E
10" 10 =
10 2__2 -‘-8 "-6 _‘. _‘ _0.8 _ _0.4 _0'2 0 1[] 2 T 1 1 1 1 | | 1 1 | | | | L L | L | L L _|
Y (1S) rapidity — -1.5 -1 0.5 O

Y ({1S) rapidity
Reconstructed Upsilons

3 Sigma Mass Cut
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Upsilon 18S,2S,3S Reconstructed in EICROOT All-Silicon Detector
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Separating upsilon peaks should be a detector requirement
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l
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TS II | i , ity

1 HH, eh T 4, L PR AT 4‘.r i B ¢ Ii'h I 2 $ild s ! by i . Ls,-‘ - '.
8.5 9 9.5 105 11 8.5 9 9.5 10 10.5 11

2
1.5 Tesla GeVic 3.0 Tesla GeV/c?

OIJ=-'II\|I\II‘II\I|\III‘II\I|IIII|IIII‘II\I|\II+

o
OET T

Upsilon peaks are still distinguishable with a lower B-Field
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Conclusion & Future Work

eSTARIight simulations for photoproduction & electroproduction at an EIC
Vector Mesons:
e J/p oefe”
* Y(1S), Y(2S), Y(3S) » ete™
* Acceptance /Bjorken-x distributions of the J/ and Y(1S).

Preliminary studies with eSTARIlight in EICROOT ( BeAST & LBNL All-Silicon Detectors )
* Reconstruction efficiency
» Detector resolution for different field strengths and acceptance cuts

OutLook:
Studyd - K*K~
More extensive resolution studies:
. Higher statistics
. Resolution fits with Crystal Ball Function
e  Study resolution in t ( tagging outgoing electron )
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