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Small-x physics via exclusive vector meson
photoproduction at the EIC

EIC White paper (2016)

fLdt=10fVA

= 1<0? <10 GeV?
[a) x< 00

* |n(edomy)| <4

Sth = 5%

-

1077

L1 lllllllllll

Pledecay) > 1 GeVic

o coherent - no saturation

o Incoherent - no saturation

=« coherent - saturation (bSat)

* Incoherent - saturation (bSat)

00000000
.....
---------------------
ooooooooo

L1 1 1.1.1...1

-2 1
10 0 O

02 004 006 008 0.1 0.12 0.14 0.16 0.18

|t] (GeV?)

p' = atn ntx at EIC

do,(e-rAu—’ e+ Au’ +¢)/dt (ﬂb/GQVz)

10°

10°

—_—
<

102

jLdt=10fb/A
1 <0? <10 GeV?
D

P x<0.01

. O [N(K gacay)| < ‘G
P(Kaecsy) > 1 GeVic

E-‘ = Sth = 5%

- o

o coherent - no saturation

o incohearent - no saturation

= coherent - saturation (bSat)
* incoherent - saturation (bSat)

.. a f

s
B
u_m‘;a
E 0
lllllllllllllll llllllllllllllll!ll
0 002 004 006 008 01 0.12 0.14 0.16 0.18

|t] (GeV?)

 Modification of scaling in A and Q2 of
cross section from pQCD (large Q2) to
saturation regime

* Pronounced saturation effect in ¢ due
to larger dipole size 2« 1/0* = 1/(Q? + M?)

p having higher production rates and
sensitivity to saturation, suffers from
large theoretical uncertainties in its
wave-function

Minjung Kim (UC Berkeley)


https://link.springer.com/article/10.1140/epja/i2016-16268-9

P, (GeV/c)

Small-x physics via exclusive vector meson
photoproduction at the EIC

J. Arrington et al., arXiv. 2102.08337 e Modification of scaling in A and Q2 of
ep—>ep+ ¢ (15T) ep~>ep+ ¢ (3.0T) cross section from pQCD (large Q2) to

=:- | saturation regime

* Pronounced saturation effect in ¢ due
to larger dipole size 2« 1/0% = 1/(0? + M?)

e Challenge in ¢ detection

Soft final state kaons (~135 MeV in ¢
rest frame) in primary decay channel of

b —> KK

- Any other option?
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do(yp — p'p)

1. Estimate yp — p’p forward cross section y | —o» based on experimental measurements of
/ =
yp = p'p = ntn n xp, considering branching ratio
< 10 L e
=  Four-pion final states measured in fix-target
O) e Ballametal. (1972) _ .
g = Davietal. (1973) Model | experiments and HERA
S A Schachietal (1674) ~ Node!  Cross section parameterized using Reggeon-
© v Astonetal (1979) Model Il
o Atiya et al. (1979) Pomeron model
0 H1 Preliminary (LE) . B
A H1 Preliminary (HE) o(W) =XWe¢+ YW

 Different sets of parameters were considered
to study the uncertainty from the cross
section estimation

3 r ] : gl%zll% 0 - 10% difference in final cross section
TT ~~~~~~ !Is I depending on collision systems
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p' = ntr n"n~ production on ion target
do(yp — p'p)

dt =0
+o - -

yp = p'p — xm7x nTn"p, considering branching ratio
VM-photon coupling (photon fluctuates into VM)

1. Estimate yp — p’p forward cross section based on experimental measurements of

) do(yp — Vp) ~ |4ra)do(Vp — Vp)
' 0 | £2
dt =0 fV VM-nucleon elastic scattering cross section
3. Applying optical theorem to get total VM-nucleon cross section
do(Vp — Vp)

o2 (Vp) = 161

dt =0

4. VM-A cross section using Quantum Glauber calculation
nuclear thickness function

o7, (VA) = Jd?’?(l — 2e ol VPILLTI2)

-> YA cross section isn’t just a scaled-up
version of yp

- Effects of the branching ratio and coupling
don't entirely cancel
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p' = ntx ntx~ production on ion target

do(yp — p'p)
dt =0
+ -+ —

n rw'm p, considering branching ratio
VM-photon coupling (photon fluctuates into VM)

dralldo(Vp — Vp)
0 | £ _
t=0 fV dt =0 VM-nucleon elastic scattering cross section

3. Applying optical theorem to get total VM-nucleon cross section
do(Vp — Vp)

dt

1. Estimate yp — p’p forward cross section based on experimental measurements of

yp > p'p—onw

do(yp — Vp)
dt

o2 (Vp) = 161

=0

4. VM-A cross section using Quantum Glauber calculation
nuclear thickness function

o7, (VA) = Jd37(1 — 2e ol VPILLTI2)

5. Reapply optical theorem with a nuclear form factor and branching ratio to yield the visible cross
section

oA — p’A)
dt

=0 ° J dt | F(t) \2 -Br(p' - n"x ntn7).

tmin

oc(yA - p'A - ntn nTnA) =
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n rw'm p, considering branching ratio
VM-photon coupling (photon fluctuates into VM)

dralldo(Vp — Vp)
0 | £ _
t=0 fV dt =0 VM-nucleon elastic scattering cross section

Estimate yp — p’p forward cross section based on experimental measurements of

yp > p'p—onw

do(yp — Vp)
dt

. Applying optical theorem to get total VM-nucleon cross section

do(Vp — Vp)

o2 (Vp) = 167 -

=0

. VM-A cross section using Quantum Glauber calculation

nuclear thickness function

o7, (VA) = Jd3?(1 — 2e ol VPILLTI2)

. Reapply optical theorem with a nuclear form factor and branching ratio to yield the visible cross

section
oA — p’A)
dt

(=0 ° detlF(t) - step 2 - 5 as well as photon flux defined in
) (e)STARLight; used for final results

oc(yA - p'A - ntn nTnA) =
Imin

p = atn ntn 8 Minjung Kim (UC Berkeley)



Impact of branching ratiotop’' —» #7772 7~
» Branching ratio of p’ (p(1450), p(1700), p(1600)) to four pion is unknown

* Linear scaling of cross section (branching ratio and VM-photon coupling) in yp
interaction does not directly translate into YA cross section
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do/dy (mb)

Impact of coupling p'—y top’' - 2" x "~
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e Linear scaling of cross section
(branching ratio and VM-photon

coupling) in yp interaction does

not directly translate into YA
cross section

Minjung Kim (UC Berkeley)


https://arxiv.org/abs/2005.13624
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* Linear scaling of cross section
(branching ratio and VM-photon

coupling) in yp interaction does

not directly translate into YA
Cross section

e Coupling can be determined by

fi _ Ma®

i , Via ee decay
471' 3rv_>ee

channel
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Impact of non-linear effects in measurements
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 Linear scaling of cross section
(branching ratio and VM-photon
coupling) in yp interaction does not
directly translate into YA cross section

* Invariant mass distributions from proton
(H1) target and lead (ALICE) target are
similar to each other

Minjung Kim (UC Berkeley)



Impact of non-linear effects in measurements
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* Linear scaling of cross section (branching

ratio and VM-photon coupling) in yp
interaction does not directly translate into

YA cross section

* Invariant mass distributions from proton
(H1) target and lead (ALICE) target are
similar to each other

=Photon-meson couplings times the branching
ratio expected to be similar for the two
mesons (Otherwise, the Glauber approach
would distort mass spectra for ion targets)

= Total cross section sensitive to the branching
ratio due to the Glauber approach

Minjung Kim (UC Berkeley)
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e Exclusive four pion from p resonance(s) photoproduction

- nTn~ntn~ state studied under single resonance scenario with p(1600)

> Non-linear scaling of Glauber approach resulting vector meson - photon
coupling and branching ratio dependence of total production cross section
on ion target

- p(1450) + p(1700) or p(1600): For two resonances scenario, photon-meson

couplings times the branching ratio of p(1450) and p(1700) is expected to be
similar

>~ A promising probe for exploring low-x and saturation physics: Large

luminosity expected in ePIC allow for exploring structure and properties of p
resonances, which are poorly known, including other decay modes

p = atn ntn 15 Minjung Kim (UC Berkeley)
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cross section from pQCD (large Q2) to
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* Pronounced saturation effect in ¢ due
to larger dipole size 2« 1/0* = 1/(Q? + M?)

p having higher production rates and
sensitivity to saturation, suffers from
large theoretical uncertainties in its
wave-function
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e Vector meson photoproduction:

photon fluctuates to a dipole which
then elastically scatters off the
nucleus, emerging as vector meson

e Cannot involve color exchange:

must proceed via the exchange of at
least two gluons = sensitive to gluon
density of the target

 Exclusivity:

Physics variables accessible with final
state mass and rapidity

Minjung Kim (UC Berkeley)



