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pQCD and the Pion Form Factor

At large Q?, pion form factor (F,) can be calculated using
perturbative QCD (pQCD)
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3
6,(x) —3 Lz x(1-x)
o | E
¢7T_>
and F’_takes the simple form
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F.(0) > SR £=93 MeV is the Tr*—*v decay
Q% —eo Q constant.

G.P. Lepage, S.J. Brodsky, Phys.Lett. 87B(1979)359.



Measurement of m* Form Factor — Low Q2

« Atlow Q? F_ can be measured directly via high
energy elastic m~ scattering from atomic electrons

— CERN SPS used 300 GeV pions to measure form

factor up to Q% = 0.25 GeV?
[Amendolia et al, NPB277, 168 (1986)]

— These data used to extract the pion charge radius
r.=0.657 £ 0.012 fm s T
« Maximum accessible Q2 ot
roughly proportional to pion |
beam energy
— Q?=1 GeV? requires
1000 GeV pion beam
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Measurement of m* Form Factor — Larger Q2

« At larger Q?, F, must be measured indirectly using the “pion
cloud” of the proton via p(e,en*)n

— At small —t, the pion pole process dominates the
longitudinal cross section, o,

— In Born term model, F ? appears as,

do,
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dt
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Drawbacks of the this technique

— Isolating o, experimentally
challenging

— Theoretical uncertainty in
form factor extraction
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F_(Q?) Kinematic Reach with 12 GeV JLab

JLab 12 GeV
upgrade +
HMS/SHMS will
allow

measurement up
to Q2=8.5 GeV/?

EIC can
potentially allow
measurement up
to significantly
larger Q2
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Two key challenges to extracting pion form factor at EIC:
1. ldentification of exclusive final state
2. Demonstrating dominance of pole process in electroproduction reaction



Isolating Exclusive p(e,e’n*)n

In addition to tagging neutron, selective kinematic cuts can help reduce SIDIS
background - more study required
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Pole Dominance of p(e,e’n*)n Reaction

At JLab — L-T separation used to isolate pole-dominated o
- At EIC, will have to rely on model prediction that o, >>c
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Using n~/n* ratios to confirm o,>0;

m Exclusive *H(e,e’n'n)n and >H(e,e’np)p in same kinematics as p(e,e’n*n)
m 7 t—channel diagram is purely isovector (G—parity conservation).

o_olneen p)]_|d —Af

olpleewm] |4, +4

m The n-/=n* ratio will be diluted if o; is not small, or if there are
significant non-pole contributions to o, .

s Compare measured n/zn* ratio to model expectations.

Garth Huber, huberg@Quregina.ca

35

Q2=10.0 GeV? Q2=15.0 GeV? Q?=20.0 GeV?2 Q?=25.0 GeV?2
W=7.0 GeV W=7.0 GeV W=75 GeV W=85 GeV
/ + G_\ ~ ~ - ~
\E/ 0-9 A h N b ) ~ = ~|
- | ) \\ \
R—1|o ,\\ 0.8' \\ ~
| ] AN N
E o7 N
© 0.6
~ 01 02 03 04 01 02 0.3 0.4 0.1 02 0.3 0.4 0.1 0.2 0.3 0.4
-t (GeV?)

T. Vrancx, J. Ryckebusch, PRC 89(2014)025203.




EIC Kinematic Reach (2018 update)

0.6 - ® Ackermann p(e,e’n*)n

A Brauel et al. (Reanalyzed)
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_|¢ JLab 12 GeV (projected errors)
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Projected EIC 5(e) x 100(p)

Hutauruk Cloet & Thomas BSE+NJL
Nesterenko & Radyushkin QSR
Roberts et al Dyson—Schwinger

J.P.B.C. de Melo et al Light Front QFT
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More details
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Assumptions:
m 5(e”) x 100(p).
m Integrated L=20 fb~1/yr.

m Clean identification of
exclusive p(e,e’z*n)
events.

m Syst. Unc: 2.5% pt—pt
and 12% scale.

m R=0,/0,=0.013-0.14 at
lowest —t from VR
model, and OR=R syst.
unc. in model
subtraction to isolate o, .

m 1 pole dominance at
small —t confirmed in
2H /=" ratios.

Results look very promising, but more
study needed to confirm assumptions.

. http://lichen.phys.uregina.ca/index_files/talks/fpi_eic_mtg18.pdf
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DEMP =", n, ¢’ Acceptance for —t<0.5 GeV> % g?iﬁ%g%a

Garth Huber, huberg@Quregina.ca
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5(e”) x 100(p) GeV Collisions — E_=44.7 GeV

Neutron Acceptance

Neutrons:
80—98 GeV/c

Offset due to
50 mrad beam
crossing angle

<0.2° of outgoing

proton beam
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Scattered electrons:
5-6 GeV/c,

25-45° from outgoing
¢ beam
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Pions:
5-12 GeV/e,
7-30° from p beam

Assure exclusivity of p(e,e’z"n) reaction by detecting neutron
e—n—n triple coincidences, weighted by cross section
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Separating o, from o in e-p Collider “Regina

Q2
_ MNz)

— 2(1-y) > where the fractional energy loss y =
1+(1-y) x(s

tot

m Systematic uncertainties in o, are magnified by 1/Ae.
m Desire Ae>0.2.

m To access £<0.8, one needs y>0.5.
m This can only be accessed with small s,,,

l.e. low proton collider energies (5—15 GeV),
where luminosities are too small for a practical
measurement.

m A conventional L-T separation is impractical, need
some other way to identify o, .

Garth Huber, hubergQuregina.ca
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