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At large Q2, pion form factor (Fπ) can be calculated using 
perturbative QCD (pQCD)

at asymptotically large Q2, 
the pion wave function becomes

and Fπ takes the simple form

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

fπ=93 MeV is the π+→μ+ν decay 
constant.

pQCD and the Pion Form Factor

fπ

� 

Fπ (Q
2) = 4

3
πα s dxdy 2

3
1

xyQ20

1∫ φ(x)φ(y)

� 

φπ (x)
Q 2→∞
→ 3 fπ

nc
x(1− x)

� 

Fπ (Q
2)

Q 2→∞
→ 16πα s(Q

2) fπ
2

Q2



3

• At low Q2, Fπ can be measured directly via high 
energy elastic π- scattering from atomic electrons
– CERN SPS used 300 GeV pions to measure form 

factor up to Q2 = 0.25 GeV2

[Amendolia et al, NPB277, 168 (1986)]

– These data used to extract the pion charge radius 
rπ = 0.657 ± 0.012 fm

• Maximum accessible Q2

roughly proportional to pion 
beam energy
– Q2=1 GeV2 requires 

1000 GeV pion beam

Measurement of π+ Form Factor – Low Q2
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Measurement of π+ Form Factor – Larger Q2

• At larger Q2, Fπ must be measured indirectly using the “pion 
cloud” of the proton via  p(e,e’π+)n
– At small –t, the pion pole process dominates the 

longitudinal cross section, σL
– In Born term model, Fπ2 appears as,

• Drawbacks of the this technique
– Isolating σL experimentally 

challenging
– Theoretical uncertainty in 

form factor extraction
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Fπ(Q2) Kinematic Reach with 12 GeV JLab

JLab 12 GeV 
upgrade + 
HMS/SHMS will 
allow 
measurement up 
to Q2=8.5 GeV2

EIC can 
potentially allow 
measurement up 
to significantly 
larger Q2

Two key challenges to extracting pion form factor at EIC:
1. Identification of exclusive final state
2. Demonstrating dominance of pole process in electroproduction reaction
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Isolating Exclusive p(e,e’p+)n
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In addition to tagging neutron, selective kinematic cuts can help reduce SIDIS 
background à more study required
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Pole Dominance of p(e,e’p+)n Reaction 
!
"#
$%
&'
()
*#
+&%
()
*#
,-
(#
*,
./
"0
1"

23

!!"#$%&'()*!5""#""!!$$$ %$&'!5""#""!A($( ',*&-.)*2',).-0'#&*-&*,!)*)R!9,&
!! !A#7-,,)$*8'-9:-.*'&*,%:)$(*'&<()#0<: !=A,-:'0(*#<,&):(-0'<,&/

!!!"#!"#!' $%&'(#)'**#+"#,'*-&",#'.#*! '0#1(&#02%**3#($#'.#&!"$"#%$"#
0'41'.'5%1&#1(137(*"#5(1&$'+-&'(10#&(#*)9

!:(27%$"#2"%0-$",#!"#!' $%&'(#&(#2(,"*#".7"5&%&'(109

!

!
8 " # % $&
8 " # % $&

! !

! !

" "! # # !"
! # # ! " "

" !

" !

!

#

!

$ $

#

!!!%9$!%9$

!!"#$ !!#!' %&'"(!)'()*(#+"%, !!!!"

!!!!!!1#$"451#$"45(!"!!(!"!!)*46,-.$40)*46,-.$40(!1)2!(!1)2!!"!"3456' 54!45:!3456' 54!45:!

At JLab – L-T separation used to isolate pole-dominated sL
à At EIC, will have to rely on model prediction that sL>>sT
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http://lichen.phys.uregina.ca/index_files/talks/fpi_eic_mtg18.pdfMore details:
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EXTRA
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