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Form factors from Baryon DAs via LCSR

To describe the transition of a baryon B to a baryon N via the current j,

B(P') 2 N(P), P'=P—gq

Start with a correlation function

T.(P,q) = / dize= 7" (O[T {1(0)j, (=) }IN (P))

= |[nterpolating field n: creating B from the vacuum”

e.g. nea(z) =% [ul(2)(CH) w(x)] (157) di(x) = B = Proton

or  Motre(x) = 9% [u(2)(Cvy,) u ()] (757") d5(x) = B = Proton
= Current j,

e.g. ju " (x) = equ(x)y,u(r) + eqd(w)y,d(x) = em form factors
e.g. ji(x) = u(x)yu (1 —5)d(x) = weak decay

Now: Express T}, in two different ways

Martina Franca, 17/06/2007 QCD @ Work 2007: International Workshop on QCD - p. 3




Example: EM form factors of the Nucleon

= Rosenbluth-formula (1955) for elastic e™-N scattering (1 photon exchange)

d d 1+7

(d2) = (&), . [G%(Q2>+7G?W(Q2> +2rG2,(Q?) tan? %}

2 2 Q2 . —
Q° = —q*, T = 3=z, 0. = scattering — angle of e
= Electric G (Q?%) and magnetic G'5;(Q?) Sachs form factors

= [nterpretation in Breit frame:
- G (Q?) Fourier transform of electric charge distribution
- G (Q?) Fourier transform of magnetization density

= Relation of Dirac and Pauli form factors to Sachs form factors

Q2

Ve F>(Q%).

Gu(Q%) = F1(Q) + I2(Q%),  Gr(Q*) =FR(Q%) -
= G (0) = pp =2.79, G%,(0) = p,, = —1.91.

= Def.: (P, s|jc™|P) = N(P') [y, Fy — i%25Fy| N(P)
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L.H.S. of the sum rule

Inserting a full set of one-particle states in the correlation function we obtain

1

TM(P7Q) — m% o (P/)

> (0l P, ) (P, s|i5™ P) + ...

S

where the dots represent contributions of higher resonances.

The arising matrix elements read
" <O|77CZ|P> — fNPZZN<P> or <O‘7710ffe|P> — AlmpN(P)
with the non-perturbative constants fx, A\

S| N(P)

u (P, sjo™|P) = N(P') |, Fy —i

= T,u = T’UJ<F1,F2)
Which 7 to use?
Determine fy, A1, ...
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R.H.S. of the sum rule

Do all possible Wick-contractions in 7,
—ipx aBo i,
T,.(P,q) /d4:r;e L Fl5F274<O|eijkuauéd§\N(P)>
and insert the Baryon DA
40]egpululd® | N(P)) =Y T$TIF

with Dirac structures I'; and 24 distribution amplitudes F°
In the end all DAs can be reduced to eight non-perturbative parameters

- T,u — T,u(fN, A1, A2, VldaArllL7 fldv fiuv f2d>
Determine fy, A1, ...

Martina Franca, 17/06/2007 QCD @ Work 2007: International Workshop on QCD - p. 6




Combining L.H.S. and R.H.S.

In order to combine the two expressions for 7}, we perform first a projection

= AT, = pz (m, A" +¢1 BS™) NT(P)

with 2° = 0 = q2;p, = P, — 2,m>/(2P2); AT =67/ (2pz); ATN = N7
1 —CC3

— —2€d/ / dr1120x 22230 (1—21—22—23) [N ...
q — CIZ3P
0 0

em
2 D2
ms P

em _
B =

To supress the contributions of higher resonances we perform a Borel trafo

1 [dx |
F5™ = 2eq— ‘ /dxl120:1:1:1:2:1:5(1—:1:1—:vg—:z:)fN—l—...
0
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Current activities - including higher twist DASs

= The nucleon DA up to twist 6
Braun, Fries, Mahnke, Stein, 2000

m | CSR: em form factors of the nucleon .
use ncz; x>-corrections to V4
Braun, A.L., Mahnke, Stein, 2001

m | CSR: em form factors of the nucleon .
use isospin conserving 7rm,.
A.L., Wittmann, Stein, 2003 use nez

= | CSR: form factors of the nucleon, n — p ® LCSR: A, — Al
US€ NCz, Nim., NIof fe, T--COrrect. to Ay, Ty
estimate of non-perturbative parameters
Braun, A.L., Wittmann, 2006

m LCSR:N — A
Braun, A.L., Peters, Radyushkin, 2005

m DA+LCSR: N —= N + 7
Braun, Ivanov, A.L., Peters, 2006

m LCSR: Ay — plv x*-corrections to Vi, A1, Ty

LCSR: Scalar form-factor of the nucleon
use ncz

LCSR: axial and induced pseudoscalar

form-factor of the nucleon

Axial A-DAs of leading conformal spin

m [CSR: > — N
USE N1of fe

m | CSR: Scalar form-factor of the nucleon
use general n
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Determining the Nucleon DA upto twist 6 |

4(0| sijkug(alx)u]ﬁ(agx)dﬁ(agx) |P) =
Si1MCas (v3N), + S2M?*Coap (#ysN), PrM (v5C) g Ny + P2 M (v5C) 5 (#N)

+ (Va4 ZERVM) (PO), 5 (15N), + VM (PO), 5 (35N, + VsM (1,C) s (115N

FVAM? (40),.5 (35 N), + VsM? (1,C) .5 (102,75 N)., + VoM (£O) 5 (35 N),

+(Ar+ Z2E AN (P1sC) g Ny + A2M (Pr5C) g (EN), + AsM (175C) 5 (1 N),

+AM? (#y50) g Ny + AsM? (7,75C) o 5 (10", N) + AsM° (#750) 5 (#N),

+(Ti+ 52 TM) (i0,00) 0 (95 N), +TM (i020C) oy (35N),, + TsM(0,,C) g (045N,

+TaM(P"0,,0) 5 (0"xoysN), + TsM? (2700, C) . 5 (VW5 N), + TeM? (i02:pC) 5 (75N )

+TrM? (0, C) o5 (0" #ysN)., + TeM? (37 0,,C) 5 (0T N) BFMS 2000

« The 24 functions F = S;, P;, A;, Vi, T; can be related to 8 LCDAs of twist-3 to twist-6.
x In leading conformal spin we have 3 parameters: A1, A2, fn

« in NL conformal spin we have 5 parameters: V¢, AY, i, f&, f4

+ V1. BLMS 2001

« AV TM: BLW 2006.
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Determining the Nucleon DA upto twist 6 |l

Definition of the non-perturbative parameters

(01e% [u'(0)(CA u? (0)] (757) d5(0)|P) = fnpzZN(P)

(0% [uf (0)(C,) w (0)]  (157™) dE(O)|P) = AmnyN(P)

(0] [u (0)(Cor) w (0)] (15077) dE(0)[P) = DomuN(P)
(0] [u (0)(CH) v (0)] (157) (izDdf)(0)|P) = fnVi(pz)?2N(P)
(077 [/ (0)(C2) 3532 D Wi (0)| 7 d5)(O)|P) = —fnAL(p2)22N(P)
(0] 9% [ (0)C,yu? (0)] 2157 (izDd*)(0) [P) = i fl(pz)M ZN(P).
(0] €% [u(0)Co,u? (0)] 250" (i2Dd")(0)|P) = Aofs(pz)M ZN(P),
(017 [ (0)Cpysiz D wl (0)| #“d*(0)|[P) = Afi(p2)M ZN(P),
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Determining the Nucleon DA upto twist 6 Il

® Leading twist: fy, V4, AY
0 QCD SR:
Quark model: Bolz, Kroll 1996.

fv = (5.04+05)-1073GeV?  A¥=0.38+0.15 V¥ =0.2340.03

0 Lattice:
0 Asymptotic: AY =0 Ve =1/3
0 LCSR: BLW 2006 AY =0.13 Vd =0.30

m Higher twist
0 leading conformal spin: A1, A\; - QCD SR: BFMS 2000, BLW 2006

A = —(2.7£0.9)-1072GeV? Ao = (5.4+£1.9)-1072GeV’
0 next-to-leading conformal spin: ¢, f«, f4
Method fa f f4 authors
QCD SR | 0.40+£0.05 | 0.07 £0.05 | 0.22 £ 0.05 | BFMS 2000, BLW 2006
LCSR 0.33 0.09 0.25 BFMS 2000, BLW 2006
asymptotic 0.30 0.10 4/15
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LCSR for the nucleon form factors

= EM - form factors using ncz: BLMS 2001
0 Higher twist is important

= EM - form factors using isospin conserving nry;: LWS 2004
0 neyz leads to unphysical isospin violating effects

= EM and weak form factors, compare different ns: BLW 2006
0 surprisingly good description of data

= Niofte S€EEMS t0O be the best choice

= Scalar form factor of the nucleon using n¢cz:
= Scalar form factor of the nucleon using general n:
= Axial and ps form factor of the nucleon using ncz:

* = USe 7M. t0 compare experiment and LCSR
* FF depend on 5 Parameters \;/fn, AY, V2, fd, fu
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Nucleon electromagnetic form factors

(NP OINP) = N (P) [ (@) — 122 1 Q)| N(P)

1.75 Gh /(npGp) | 1. 75
1.5 | 1.5
1.25 ] 1.25
1 A 4 1 by
0.78 | 0.75 proton
0.5 1 0.5
0.25 ] 0.25
0 2 452 6 8 10
1.75 Gu /(unGp) | 0.75 Gp |
1.5 | 0.5
1.25 I o0.25
L " m gy, e T neutron
0.75 | —0.25
0.5 \ 0.5
0. 25 1 -0.75
I e e e e B o - R I

® [eading order LCSR, BLW distribution amplitudes

Martina Franca, 17/06/2007 QCD @ Work 2007: International Workshop on QCD - p. 13




Nucleon axial vector form factors

(N(P)| A, (0)|N(P)) = N (P') [1,GA(Q) — =2 Gp(Q%) — i 7L G (Q?) |15 N(P)

2mpn 2mn
o GEC/G%I) 4 0.4r GCTC/G XC 1
e 0.2 ] charged
0 current
1 - ——
-0.2
0.5
-0.4
0 2 402 6 8 10 0 2 402 ° 8 10

® |[eading order LCSR, BLW distribution amplitudes
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LCSR for transitions

= . Ay — plv
0 Interpolating field: na, = €;xuCZd7 - v52b8 vs. na, = €;;,u'CZd’ - v5 #hk
0 Determine f from QCD-SR
0 HQET ~ 1/10 QCD!
= BLPR 2005: N — A
0 Disentangle N — N* (spin 1/2)
O Interpolating field: na = € (ZUiC”yudj-Zuk — uiC”yMuj-de)
= BLW 2006: n — p
m A, — Alv
0 Determine A-DA up to twist-6 and leading conformal spin
0 Interpolating field: 1y, = e;;xu’Cys Zd7 - Zck
0 only tw-3 agrees with experiment
n 2 — N
0 Interpolating field: ns, = €;j,d'Cy,d? - y5y*s"
0 Wang compared results for Q% = 0 with the data!
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N A~ transition form factors

® magnetic, electric and quadrupole form factors exist:

G* /(3G = —G*% 2
L M/GBGEp) Rgn E/GM
A 0.5
o.2%
o8 ma R
0 -‘-\9\‘
0. 6f ]
~0.25
0.4 ~0.5 e
0. 2! 1 -0.7%
: 0 2 4 6 8 10
0] QQ
0.75 e )
0.5t .
et asymptotm
0.25 i ]
; =TT - _________ . CZ model
-0.259 ] BLW model
~0.5
\_ 4
~0.7%
0 2 4 6 8 10

Braun, Lenz, Radyushkin, Peters; PRD73 (2006) 034020
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Outlook

= Nucleon DA
0 «a, corrections to LCSR for form factors of the nucleon,
Compare LCSR to experiment and fit the non-perturbative parameters
Braun, A.L., Passek-Kumericki, Peters, in progress
0 Lattice determination of the non-perturbative parameters

= Decay of heavy baryons
0 LCSR for Ay, — plv
A.L., Wankerl, in progress
0 LCSR for Ay — A.l+1
A.L., Rohrwild, planned

= L CSR for pion electro-production
Braun, lvanov, A.L., Peters, in progress
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