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Soft Pion Limit
Soft Pion Limit

pion electroproduction crosssectioncloseto thresholdW ! W,

e)+p(P) ! &9+ T(K+n(P); W= (P K
e+ p(P) ! eI+ °+ p(PY: o ¢ 92
Q = q - N N

canbe calculatedin the chiral limit m ! 0,jk = O(m ),Q= O(m ) in terms of

Pion emissionfrom extemal legs
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Soft Pion Limit
Chiral Transformations

Q2 — operator of the axial charge

z a "
Q&= dxa os,AN; A= gy \

generateschiral rotations |

P

[QF ar] = - 500 -
0

The commutators of EM current with QF

+

1 1
B—EA(X)i A=p—§q 50

[Q5 ;1M1

QR%i*"x] = o
where = #L( 1 i2),Q = 5(Q} Q)
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Soft Pion Limit
Generalized-orm Factors

at the threshold

( )
. . .
hNETR = NP s @ a8 G M) S 6,MN@) N(P)
N

relatedto S-wave multipoles in the PWA

p Zq
4 emQ Q2+4rT‘ﬁlGN

E0+ = 8 r’rﬁ,f 1
p 2q 2
L N - 4 em Q Q + 4ml%l G N
or 32 ma f 2

e.g the differ ential crosssectionat thr esholdis given by

d _ Zrjw N NyZ 4 & Ny2!
d th - V\ﬂ r’r‘ﬁ, (E0+ (I [h)Z(L0+)
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Soft Pion Limit
smallQ?

Vainshtein, Zakharov, NPB36(1972)589

. .
PCAC + currentalgebra: Scheter, K och, NPA534(1991)461

EG Op = gA Q2 . G Op - ZQAmﬁ GP .
mg 2 (@+ 2mZ) 2 (@+2m) ¥
Q _ v, _ A Q? n 1 . *n_ 2 29Am§,
G " 9—54@“ M T ta 2n12)

Thresholdphotoproduction of  ° is suppresseccompared to
The = * —ratio israpidly increasingwith Q2

How farin Q2 canonego? Whathappendor Q> g ?

Do not addressthe O (m ) correctionsin this study
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Asymptotic Limit QZ 11
very large Q?

At largemomentumtransfers, the pion cannotbe soft to the initial and the nal state
nucleonssimultaneously

The correspondingkinematic condition is Q%> 3=m ; mN

Asymptotic limit Q2! 1 doesnot commutewith the chiral limit m ! 0

QCD factorization for Q> 3.p=m
Y
Wia—T
A ! |
K / I ; \
soft hard soft

Probably unrealistic at reachablemomentumtransfers
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Asymptotic Limit QZ 11

Pion—NucleorDistribution Amplitudes
P () ()

jp"i = 12u dgur uugd deuguei + —iju" ugd duguei
AT — S( ) a( ) .
ip = 49—J6u dgu + wugd + dougued ﬂs—]u ugd deugued
jn" Ti = pﬁ j2u- dgu 3u-ugd 3dugue i %ju" ugd duge i

Equivalent representation

40 U (1) (202)d (asDN(P) T st 3 =

i .
(s — V."®0 N s AN@O) N T (20 7 SN
+ 1 n o
Vi (L,23) = P VI(L3,2) + V(1 23) + V(231 + Al(L; 32 + AN(23 1)
n + 1 n n n n n n 0
A (1,23 = p—z Vi(321) Vi(L132+ A(213+ A(23 1)+ A(312 ;
n* 1" n n n 0
T (L23 = 3 Al23 )+ AlL32) VI(23D) V(132

Extendedto twist-4,5,6
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Asymptotic Limit Qz 11

Pion—NucleorDistribution Amplitudes

PCAC andcurrentalgebragive

h 2Nt (P; )jOYj0i =

: : - s P S
e (P )JIQE OV1i0i + 708 oo N(P: ) & 5 GN(Pr OMNeo(P; 9jOYj0i:

Heref = 93MeV isthepiondecayconstante nedashOjq  s3 2 °(k)i = i 3f k
andga ' 1:25is theaxial chageof thenucleon.

Secondermcorrespondéo a N systemin P-wave, the rst —in S-wave.
LET predictsthresholdbehaior of bothS-andP-waves

Dmitry Ivanov Electroproduction of Soft Pionsat Lar ge Momentum Transfers



Light-Cone Sum Rules
Light-ConeSumRules:GeneralStratgy

Z
consider T N(P§Q) = i d4xeiqxl'0ij p(0)J*M(X)N(P) 3(K)i ’

h i
s = T dEC Je s d(05 hop piNP) = pmuN(P)

take(P )2 1 GeV? and make a matching between

(@) The Operator Product Expansionin terms of pion-nucleonDAs
X
hoiTE p(0)i*"(QN(P) *(Ki = C O&4pY  hoja(x)d(x) d(xa)iN(P) *(K)i
twist

(b) The dispersionrepresentationin terms of hadronic states

Borel transformation to improve corvergence
Here, pion in initial state(convenient)
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Light-Cone SumRules

Light-ConeSumRules:Pion—NucleorintermediateStates

New: Semidisconnectegion-nucleoncontributions in the intermediate state

Figure: Schematicstructureof the poletermsin the correlationfunction

b) and c) correspondto N coupling to the loffe current

PP
. 0 — I 1”N 7 0 0 .
hoj p(0) N(P™ K (k) = o 1 W(‘P &+ my) & sN(P K):
In the thresholdkinematics,with = m =my
8 2 o 3
T Op(P_ ) _ i EH’N < (1+ )® @G+ my) s 4( 2 N Gl p i q G Op5
1 q = t : m P2 q q P 2

+} (1+ ) s(® @+ my) P i q £p
2[mi(1+ )2+ Q7 P® T 2my
(1+ )o(® 6+ my) s - e
M1+ )2+ Q P ( a a @Gy p— A GE  N(P)
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Light-Cone Sum Rules

Light-ConeSumRules:Pion—NucleorintermediateStates— cont.

The semidisconnected N contributions canbeincluded in the continuum if
mQ*> m(so ) ) QP> 7GeV [ %=m]

Otherwise they have to be takeninto accountexplicitly

@oo L B gy Lo G gQ @
% 27 D O g
6% = e"ﬁ?zapoz[s PMZ QY + e (2R @)=m? §F2<o2)+ i’”;"z“mz E(Q)#
%NG].+” _ e"il:;z BlA +"](M2; ? pl—ée (2m2+ QZ):MZH (@ Q9+szz GM(Q)#
6 " = emﬁ:pMz Brols " IMEQ) + e (eI Ly zzfAm'Z“ GE(Q)
1

where A (P%; Q%) and A (P%; Q%) arethe invariant functions de ned as

H n o]
z *TNRg = %(pz+ K s mACPZ A 8 BFE Q) N (P)
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Light-Cone Sum Rules
Light-ConeSumRules:Results

8 10

4 QZ,GeQIZ

Figure:TheLCSRpredictionfor Eg+ andLo. atthresholdcomparedo the extrapolationsof the existing
PWA (privatecommunicatiorfrom I. Stralovsky)

normalized to the dipole formula Gp = 1=(1+ Q?=0:71)2
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Light-Cone Sum Rules

Away from thethreshold. ..

forW Wi m accept

hN(PY) (RIi*(O)ip(P)i =

. . .
= NP s oae et te@) Ne)
o NER s m F@ R o ed) e

YA (P D) ]

S-wave: generalizedform factors from LCSR
P—wave: pion emissionfrom the nal statenucleon;exactin chiral limit
Eventually cantakeinto accountthe nal stateinteractions

G M@ G NREW) G N1+ it ]
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Structu

StructureFunctionsatxg ! 1

( )
2w X QP+ ag 5 N FEW AW 5, 5 o
W@ = s | e ™ G
o ! 1)
o (w X Q@ 5 N2, "o N2  gW? Z(W) Qg QPGRy+ 4 G2
Fa(W; Q%) = W o . % jQ°Gy i+ TQJGZ ] + 402 m,z\‘)z o 4m,2\‘
( ; )
D2y (w)y X 2 s Na Ny P EW AW, p
g1(W; Q%) = m o, 2mﬁ JQ G, Nj2 mMyR(Q°G; "G, ) + WQ myGmF;
( .
Lo (w) X Q@?h 1o 2 N~ Ny AW A(W) p
%R(W; Q%) = @f)2 o . Zmﬂ‘ IQG ZQ Re(Q°G, "G, ) + MQ GmF;
_ ki _ Q
W= T @ew m
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SLAC E136 |
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Figure: Thestructurefunction F’Z’(W; Q?) asafunctionof W? scalecby afactor10® comparedo the SLAC
E136dataattheaveragevalueQ? = 7:14 GeV? (left panel)andQ? = 9:43Ge\? (right panel).
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DifferentialCrossSection

For unpolarized protons,the virtual photon crosssectionis

ke d ) 2
d =M - im
g ww m !
with
2 40— 49—
M 2 = Mr+ M+ 2(1+ )Mrcod )+ Mrcog2 )+ 2(1  )MEsin( )
2 ~2 2 242 YT
TQ7. . N2 € Od 2 2 2 C gajkijikij , - N
v = K@ —— = G = AQ°GWReG
T n‘ﬁjlj+(\/\/1 nﬁ)szNM-"COSV\p Q°GuRe G,
- 4” gk ¢ gajkiikij
M. = ®G,NjP+ WmﬁGé cos WmﬁGEReGZN
- C Oajkij ks
fZMLT = sin vazA]iJ:Tﬁ]QnN GMReG2N+ 4GEREG1N
M = 0;
Kiki D i
e n 7CW%A]KJ:TEIQFTN GuImG,"  4GeImG, "

Mtr = 0: no D—wave; testsquality of the approximation

MET: single—spinasymmetry; arisesbecauseof FSlI, calculable
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Miscellaneoudkesults
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Figure:The fraction of Opin FS(W; Q?) for

Q2 = 3GeV? (upper curve) and Q2 = 9GeV? (lower
curve)
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Figure: S-wave (solid) vs. P-wave (dashed)for Fg(W; QZ)
atQ? = 7:14GeV?
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Figure: Differ ential crosssectiond 0p=d for

!
= 135grad, Q% = 4:2GeV2andW = 1:11GeV
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Figure:lntegratedcrosssectionQ6 f opfor

W = 1:11GeV (lower curve)and W = 1:15GeV (upper
curve)
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Outlook

physicsissues:
@ anovel object: generalizedform factor; a completedir ect measuementis possible
@ interestinginterplay betweenperturbati ve QCD and chiral symmetry breaking
¥ new connectionbetweenQCD and traditional hadron physics(PWA)
@ an (almost) untouchedterrain. ..
theory:
@ detailed predictionspossiblenear to thr eshold
@ presentLCSR accuracyprobably 50%; canbeimprovedto 20%(?)
@ elastic N rescatteringcan be takeninto account
@ canbeincorporatedin full PWA
experiment:
9 Haveto gobelov W = 1150 1180MeV

¥ goodenemy resolutioncrucial

@ 4 geometrynot necessary

Perfectlysuitedfor theJLab12 GeV upgradephysicsprogram
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