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Introduction

Critical measurement: exclusive vector meson (VM) production in
scattering

@ Probe to gluon density — precisely see structure — saturation

@ Deflection of VM measures spatial distribution of gluons

@ Distribution of
momentum transfer (t):
e Fourier conjugate to
impact parameter
o Reflects the spatial
profile

@ Gluon imaging
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Coherent |t| Distribution Fourier Transform of |t| Distribution
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What does this diffractive pattern tell us?
@ Height of peak x gluon density
e Larger nucleus — closer first minimum: At o< 1/R?
What does the transform tell us?
@ Central peak is core of nucleus where gluon density is highest
@ Indicates how sharply gluon density drops off near nuclear edge

Maci Kesler (KSU) EIC UG & ePIC Collaboration Meeting July 14 - 18, 2025 3/19



Challenges

Measurements of the t distribution encounter 2 primary challenges:
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measuring t

e Peaks and valleys washed out
e Mainly momentum resolution
of outgoing electron (blue

circles)

@ Scattered very far
backward — emerges at
small angle

e Tiny angular error — large
pT error

+ Residus incoherent reco’
after vetos by IP-6 FF detectars
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+ Residus incoherent reco’
after vetos by IP-6 FF detectars

e Overwhelming incoherent
background
e Black dashed curve
e Detector can suppress some
incoherent production (red
stars)
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Methods for Extracting t

@ Reconstruct t from exclusive VM production
t = (Pa— Pa)?

@ To access t: need complete final state
e Cannot measure Py

@ For heavy nuclei — stays within beam envelope
e Tiny momentum change + tiny angular deflection

(&
T @ We know 4-momenta of e, A, ¢/, and VM
Ee— > &4 A , ,
IR e+tA — e+A+ VM
4t VM Pa = Pe+ Pa—Peo—Pyy
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Methods for Extracting t

¢ t=(Pa—Pw)
¢ A [etAo e+ A+ VM|
A’// \\‘
A VM | Pa = Pe+ Pa— P — Pyn]

e Method E (exact, MC): delivers true t
t:(PVM+Pe’_Pe)2

e Con: Subtract large incoming/outgoing momenta to get longitudinal
component of t — small error/inaccuracy has large effect on t

ﬁ _ (trneasured - ttrue)

t ttrue
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Methods for Extracting t

e t= (PA — PA/)2
~
e A (et Ao e+ A+ VM|
A’// \\"
A/ VM t = (PVM + Pe/ _ Pe)2

e Method A (approximate): Assume small scatting angle
(PA// ~ PA///) and incoming e/ion along beamline (p1 = psinf =~ 0)

t = [pr(e)) + pr(VM)]?

e Used extensively at HERA
o Con: underestimates true t, valid only for small t and small @

Maci Kesler (KSU) EIC UG & ePIC Collaboration Meeting July 14 - 18, 2025 8/19



Methods for Extracting t

¢ t=(Pa—Pa)
/V
eHﬂi—HA ]e+A—>e’+A’+VM\
A’// \\"
A VM | Pw = Pe+Pa—Po — Pyn]

@ Method L: corrects Py using true invariant mass

COITr

M = [puars Pyars (Ph — Pa)/2:(Ph + Par)/2]

teorr = (PA - Pc9rr)2

e Improvement to method A
e Con: Only applies to coherent events
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Projection Technique

Measure projection of |t|; along the normal direction (/) of the electron
scattering plane

Scattering Plane Production Plane Decay Plane

[

Nt

@ Eliminate momentum resolution contribution from the outgoing
electron

@ Only need to measure the electron directions, not their momenta
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Scattering Plane Production Plane Decay Plane

/\ ,/ %ﬁ</
t—(PVM+Pe'—P) teorr = ( Pcorr | A= Pe

Projected t.o,r

ty = [(Pum+ P&™ — Pe)- A
= (Pym-fi+ Pe-fi— Pe-h)?
ty = (Pym-h)

t = (tx, ty, tz, te)
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How it Works

Want to work with transverse plane

Decompose t: Parameterize g, = ++/|t.|:
t =ttty g« = qusin(0)
t, = e+ ty gy = qL COS(@)
= q>2< + q)2/ —1 [ 9x
5 Omax = tan =
tL = q1 9y

Define gx = /|t«| to be in X = /i X pe direction
o Cut wedge of angle 0p,ax from f-direction (g, — projected VM)

e Eliminates most of the g, component (e’ direction)
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po: nuclear density, A: atomic number, Rs: nuclear radius, q: = v/t, a: range of Yukawa potential

F(a = V8) = 222 sin(aRa) — aRacos(aRa)] (
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Add Smearing

Convolute with Gaussian
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Results use 25 MeV
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0.05 0.10.15 .2 0.25 0.3 0.35 0.4 0.45 0.5
q, = |t [GeVic]

Truth Distribution

|F(t) with 25 MeV/c Resolution

o
o0

q, =1, [GeVrc]
o o
w 9
1 S 1

o
w

107

°
I
O

102

o
1%}

10°

107

107

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
q, = |1, [GeVic]

Distribution with Resolution

July 14 - 18, 2025 15/19



Model Results

@ Using the projected VM momentum and a 7/12 wedge cut

Coherent production

Truth
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@ We see a significant improvement!

@ Con: loss of statistics
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Simulation

@ Sartre simulation for diffractive phi production

e eAu 18x110 GeV

o b KtK—

2D transverse plane after running through simulation
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Nice concentric circles Smeared out — more elliptical
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Results

eAu 18x110 GeV Sartre, EPIC
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@ New technique shows promising results

e Projection (|ta|)

o Wedge cut (fmax)
e To do:
Add BeAGLE simulation to analysis
Separate coherent and incoherent events
Continue with correcting
Transformation



Backup Slides



|t| resolution
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Method A Derivation
Start with method E: Conservation of 4-momenta

Pe+Pa = Po+ Pa + Pym
Py = Pe+ Pa— Po — Pyn
t == (PA — PA’)2

t = (Pe + Pym — Pe/)2
Assume small scatting angle for incoming/outgoing ion: PA// R~ PA///

t = [pr(A)+ py(A) = pr(A) + py (A
= [pr(A) —pr(A)?

Assume incoming e/ion traveling along beamline: pr = psinf ~ 0
t = [pr(A) — pr(e) — pr(A) + pr(€) + pr(VM)?

t = [pr(e)) + pr(VM)P
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Lightcone variables:

p+ = PpPeLp:

p> = pip_—pr=m’

(1)

Correct outgoing ion: Pa = (px, py, Pz, PE)

P+ = PEt Pz

P— = PE—P:
pr = (m*+p7)/p-
b = (m 43/ @)

PR = px, Py, (P+ — P-)/2,(p— + p+)/2]




Future Plan

@ Utilize transversely polarized e~ beams
e e~ spin is perpendicular to its momentum
@ Exploit decay pattern of VM wrt A
e Determine the fraction of coherently produced VMs
Coherent Events
o If e~ spin flips:
e Spin of VM aligns with A

e Expect cos2¢ modulation if we project momentum of VM decay
daughter onto VM spin direction

Scattering Plane Production Plane Decay Plane
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Future Plan

Scattering Plane Production Plane Decay Plane

X+

If e~ spin does not flip:

e No preferred direction of VM spin
e Expect a flat ¢ distribution

Incoherent Events

VM spin expected to be random wrt 7
Result:
Fraction of coherent events (case when e~ flips spin) is < cos2¢ >
Assume probability for e~ to flip spin is C
Fraction of total coherent events is given by &g“b
Can then obtain |t|; distributions for coherent VM production
e Extract spatial distribution of gluons in nucleus

Maci Kesler (KSU) EIC UG & ePIC Collaboration Meeting July 14 - 18, 2025 25/19



More plots with different 6,

counts

eAu 18x110 GeV Sartre, EPIC
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More plots with different 6,

counts

eAu 18x110 GeV Sartre, EPIC
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More plots with different 6,
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More plots with different 6,

counts

eAu 18x110 GeV Sartre, EPIC
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