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Hadronic form factors: (1/Q?%)™~! counting rules
Expectation: some fundamental /easily visible reason
Most natural suspect: scale invariance

Implementation: hard exchange in a theory with

dimensionless coupling constant.
QCD: (a,/Q*)ma~1

Suppression: Fr(Q?) = (2as/m)s0/Q? |sg = 4w?f2 ~ 0.7 GeV?

Looks like O(a;) correction to VMD’s FYMP(Q%) ~ 1/(14 Q?/m?)

Known: ag/m ~ 0.1 is penalty for an extra loop

Growing consensus: pQCD gives small correction,

dominant contribution comes from soft terms modeled by
GPDs F(z,Q?) with exponential fall-off e~Q°9(@) for fixed x




AdS/CFT claims: nonperturbative explanation

of quark counting rules

Reason: conformal invariance & short-distance
behavior of normalizable modes ®(()

Form factor in AdS/CFT:
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Nonnormalizable mode: J(Q,({) = (QK1((Q) = K1({Q)
For large Q: K1(¢Q) ~ e ¢ = only small ¢ <1/Q are important
Normalizable modes: ®(¢) = CC?JL(BL xCA)




In light-cone formalism:
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rT=1—z, z=+xzb

Observation: ,\% dxJy A/\WNQV = K1(2Q)

Need: |¢(z, z)|* = zZx*(z)= 222*(() /¢
“SJB/GdT” correspondence = Holographic LFWF




Normalized to 1:

1
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= Effective wave functions

Lowest meson state: M = By 1A

Wz, b) = %ﬂ ,:,\MMM Mv Jo(VzzMb) 0(Vxzb < Bo1 /M)




In k | -representation:

Uz, k) = M Jo(Bo1ki/VxzM)
u(z ki) = =2 oz

6 —8 — 10

Note: No singularity for k2 /zz = M?,
zeros when k% /xZ = (mass)? of higher state

Oscillates for large k&, , magnitude decreases as 1/ \aw\ 2

Below first zero: ~ exp(—k3 /2zzM?)




Lowest state form factor:

M2 [Q/A
Fu(@) = Goz | €4EK1(O) TBEM/Q)
(v = Bo,1J1(Bo,1) = 1.2)
Asymptotic behavior:
AM? 9 [4M?
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1+ Q?/4M?
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Note: Unlike VMD Q°/(1 + Q?/m2) (blue),
Q*F1(Q?) (red) is not constant
in accessible region Q% < 10 GeV?
Question: What mechanism generates these huge corrections?

Observation: if ( is interpreted as \/xxb,
then ( = 0 may correspond to z =1




Use Drell-Yan formula:
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Two possible asymptotic regimes:

e finite x and small |k, |, e.g., region |k | < Z|q |, where
U (z, k) is maximal. Then

H ~
Fr(Q?) ~ 2 \ 4 [0 (2, 201 ) o ()

= form factor repeats large-k | behavior of WF
= second possibility:

e z is close to 1, so that |zq| ~ |k |, and |k | is small
= both Wys(x,k, ) and ¥}, (z,k, + Zq ) are maximal.




DY estimate: dominant contribution comes from

zr|qL| < m = const

= large-Q? behavior of form factor reflects phase space
available for such configurations

Dedicated estimate: represent form factor as z-integral of GPD
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=G(o) , o=zQ°/zM*
M? [ G(o)
F 2y = do

Q2 1+ oM?2/Q?)?
= Asymptotic 1/Q? term given by 0*! o-moment of G(o)
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Blue line: G(o). Red line: e=7/3 —2Q?/3xM?>

= comes from 0 <10 = 7 < 10M?/Q?
Note: Asymptotic estimate applicable only if Q% > 4M?

Conclusion: large-Q? asymptotics of Fy;(Q?) is governed by

soft Feynman mechanism
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= Power law is determined by x — 1 behavior of

@) = Flz, Q> = 0) = \ b, [T(z b )2 =1,

f(z) = parton distribution function of the model
Extra 2%V = Fy(Q?%) ~ (A%2/Q?)N 1
Question: Is interpretation of

holographic variable ( as product

v xxb of light-cone variables justified?




MEROMORPHIZATION

Erlich et al.: some results of holographic approach

are reproduced in Migdal’s program

Meromorphization substitutes correlator

by

(") = 106 -~ [ 29

TO( S—Dm

= cut of II(p?) is eliminated

zeros of Q(p?) = poles of Il (p?)

= hadronic bound states

Explicit Padé construction: Q(p?) = Jo(Bo,1v/p?/M)
for .w — Y and .w.t — @Qtﬁu ,w.mt — @de\t@




Coupling of the lowest state

R 2 .2 2\ _ 1 ~
=l OF P 0) = s |

pls) Q) ,

s _ M2 &

Explicit calculation with p(s) = pg 0(s)

2 _
The = 7B0.1J1(Bo1) M* —s - o i(Bon))

po = 1/167 for j = pyp, and pg = N./127 for uvy,(ys)d

2po M* \8 Jo(Bo,1v/s/M) Js — 4po M*
0




Dosch et al.: Meromorphize 3-point function to get form factors

Lowest order: triangle diagram has only double spectral density
p(s1,82,Q%) = build function

T (p3,p3,Q%) = T(pi,p3, Q%)

p(s1, mN“QMV Q(s1) Q(s2)
+i®§ Q(p3) \ %H\ dsy £ (51 — p7)(s2 — p3)

= removes cuts & has poles at II(p?) locations

Elastic form factor of the lowest state:
H_. ®.@)
2 Nﬂ 2 —
«\.vi EA@ v ﬁ.wﬁ&\hiwzw . &%H &%M
(51,52, Q%) Q(s1) Q(s2)
(s1 — M?)(so — M?)




pectral ensities: use ut os rules

A%Hu MMQQMV — 0




orm factor:

fuFu

— has structure of rell an formula
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= ame e pression as in holo raphic mo el

=
eromorphi ation supports interpretation of

in terms of 1i ht cone varia les




pinor case: vector currents , for ha roni e vertices
= tensor amplitu e T (p1,p2)
= choose tensor structure to meromorphi e

implest pro ection: T with 2=0 ( )=0
pic sout F1(Q%) + F2(Q*) — *F (Q°) Q* 2
ompare to lea in p

F Q) =F(Q) - B@)+(2+ )F Q)
)

(e pects F1(Q?) F(Q?) 1Q an F(Q?) 1Q)

or this pro ection: (




= E tra factor in ( ,Q?) shoul result in

1 () as mptotics

ote: E tra 1ves

= 0

22 W Q- Q (Q Q)

instea of nonnormali a lemo e ( Q)= Q 1( Q)
till  o( ) an 1 (Q ominates for lar e Q)

—  pparentl we shoul et1 Q% a ain




esolution of para o

gw
Q* 2
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= 1rst term vanishes ecause 0

= lea in term has 1 () ehavior
ut: 1 @ correction e cee sit up to Q? =1 M?

= 1 () as mptotics esta lishes a ove e 2




ow elae 1 () as mptoticsis oo news

ere: lie@® (1+Q* 2)
holo raphic (scalar meromorphi ation) Q%F;(Q?)

= nthere ionofafew e 2 F,, (Q?) shows power

countin 1 Q? ehavior more successfull than Fj;(Q?) that
2

ispla s its nominal 1 Q% as mptotics outsi e the few e 2 re ion




2( ) an ( ) pro ucin

iraculous cancellation of moments for

F,, (@) M @ can etrace to
1 Q as mptotic ehavior of ou le spectral ensit  (s1,s2,Q%)

onsi er ou le orel transform of point function

H oo ©. @)
A 1, wvﬁwwv — 9 &%H &%w A%H“%w“mwwv

™ 0

or trian le 1a ram
1
1 2

w| |w
Auku©v| ﬁ.wAHl_lwvo& e p QAHl_lwv

ote:  factor (a sent for scalar wuar s)
= 1 @ ehavior of ( 1, 2,Q%)

= 1 () ehavior of spectral ensit

(s1,82,Q%) = (s1) (s2)(s1+s2) @ +




om ines in simpli e form some i eas of

1 als pro ram an sum rule approach

um ules: onl lowest state is narrow
= mo el spectrum: rst resonance plus

pertur ative continuum from s = s

= ransform correlator

II(p?) = w

Fi
M2 — Nww

hen: tr to reach the est possi le a reement

in eep spaceli e re ion p? — 2






hree point function = local ualit relation for pion form factor

\wﬁ A@mv _ Fw dsq dso Amfm?@mV

™ 0

= rell ant pe formula

with e ective local wualit wave function

A , TS0 A 2 moV

n the impact parameter representation

( T 1 S0)

limit: istri ution amplitu e
coinci es with as mptotic pion




olo raphi e

1.22 1.24 1. 1.28

0.5 1 L5 2 2.5

irst ero of (, )islocate at 2 e )2

une pecte I close to 1 position




E plicit e pression for form factor:

1+ so Q2
(1+ so Q2) °

F (Q)=1-

thl %o+Hmo|H mo+ AMOQSV

Q Q Q Q

s e pecte has1 () as mptotics

ut: 1 Q estimate shoul not e use at accessi le Q2

t accessi le Q? successfull imitates 1 Q? ehavior
an is close to ata




|

Ackermann p(e,e m*)n

Brauel p(e,e m*)n Reanalyzed

JLab E93-021
Maris & Tandy BSE+DSE
Nesterenko & Radyushkin QSR

Dondghme & Na Disp.Rel.

™ — _Cardarelli CQM

—

O Projected E01-004

{ Projected SHMS+HMS

|
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Q? (GeV/c)? , , , , 10

1 ht panel: ion form factor in local uar ha ron ualit mo el

Q*F () correction (re )

total contri ution ( lue)




1 her or ers an transition to p :inclu e hi her or er

corrections to spectral ensities

here appear luon e chan e ia rams with lar e Q? ehavior

etermine har p mechanism




s a result:

A%Hg S2, @wv = T

+ (1Q)

uninte rate  point spectral ensit

2
mH|H| &MH

ts inte ral over wualit interval S Sg 1ves

= f for the pion

= ocal wualit at ( )or er ivesp result

calculate for as mptotic shape of pion



ritin
F (@%) = (so @*)( )
reveals its nature as correction to soft contri ution

ote: F ()=  wfrom ar i entit

= nterpolation:

F (Q%) ) (1+Q° so)

(ver accurate)




tu ie lar e @ ehavior of meson form factor Fy;(Q?)

constructe usin holo raphic mo el

serve that espite its 1 Q% as mptotic ehavior com ination

Q?F);(Q?%) is not at in accessi lere ion Q* 1 e 2

oun that as mptotic 1 Q? result for Fi;(Q?) is overne

e nman mechanism

sin (scalar) meromorphi ation approach repro uce wave

functions of holo raphic mo el

or spin 1 uar s emonstrate thate tra (1 — ) factor results
in F;, (Q* 1 @ as mptotic ehavior

ue to late onset of the as mptotic pattern Q*F,, (Q?)is at in

few e 2 re ion




resente results for pion form factor in local uar ha ron ualit
mo el: the lowest or er term a ain has nominall 1 @

as mptotics ut it imitates 1 Q2 ehavior in the few e 2 re ion

howe that ( ) term of (s1,82,@?%) rin sin har p

contri ution havin the imensional countin 1 Q? ehavior

r ue that at accessi le Q% the ( ) term is a small fraction of
total result ecause of small T 1 factor associate with

each hi her or er correction

1 not iscuss nucleons form factors ut want to mention that

the lowest or er local wualit result for ,,(Q?) closel follows the

ipole shape of the ataupto@Q? 1 e 2
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ower of (1 — ) in pertur ative versions of relevant parton ensities

f( ) increases with num er of uwar slief () (1— ) !

= ro a ilit that total momentum of — 1 spectators is

1 which loo s

li e
e nman mechanism then ives (1 Q) as mptotic ehavior for

form factors

ecause of late onset of as mptotic re ime form factors imitate

(1 Q%) ! ehavior in a rather wi e preas mptotic re ion

n this scenario uar countin rules (if an ) is appro imate an
transitional phenomenon ominate nonpertur ative

lon istance aspects of ha ron namics




