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Introduction

Factorizable and non-factorizable?

@ quarks can be treated as collinear
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distance @ can be factorized in hard and soft
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Introduction

Factorizable and non-factorizable?

@ quarks can be treated as collinear

small transverse : :
distonce @ can be factorized in hard and soft

7 part
S
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@ formally leading in 2

@ Ty perturbatively calculable partonic amplitude
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@ ¢y leading distribution amplitude
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» describes longitudinal momentum distribution for lowest Fock-state
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Introduction

What is the problem?

o formally leading part suppressed by (%)2 ~0.01 J
o fails miserably to describe experimental data )
e non-factorizable part dominant at current energies )
¢ non-factorizable part cannot be reduced to simpler quantities

exception: Duncan, Mueller partJ

e cannot be calculated from first principles )
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Introduction

What are the solutions?

e calculate overlap integral of baryon wave functions with model functions
quark models, ADS/QCD
.

TMD factorization with Sudakov suppression of large transverse distances
models for TMDs, complicated nonperturbative input

calculate everything in terms of distribution amplitudes using dispersion relations
and duality
LCSRs |

calculate parameters from first principles on the lattice
Only few parameters possible
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Introduction

TMDs vs. DAs

@ s-wave light-cone wave function
[dx][Pk] 10,
o — iy Ki
12\/X1 X2X31/J (X )
x| Oa, k) u' O, k) d' (X6, ka)) = |u" (x1, ki ) d' (e, ko) U (x5, Ks)) }

P -

@ leading twist distribution amplitude
on (X1, Xa, Xa; 1) = 2‘/‘H[dzR]’L/)L:O(XhX%Xg”R17R2,R3)
@ defined as
Ol (20)Us (22)0(2)IN(P)) ~ (CP)as, [ &7 01271272725 g o )
@ can be expanded using OPE

@N(X/;p) = 120fNX1X2X3 [1 +(p10(,U,)(X1 72X2+X3)+g011(/1)(X1 7X3)
+ ]

(1) shape parameters, related to local operators
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Light-cone sum rules

What are light-cone sum rules?

>

use analyticity, operator product expansion and quark-hadron duality )

> calculate non-factorizable and factorizable part in terms of same nucleon DAs )

> no double counting J
> quark-hadron duality is only model assumption J
> systematic improvement possible J

though limited accuracy ~ 10-20 %
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(P +q)?
@ correlation function is analytic

Tu(P,Q)=fd4xeiqx(0|T{n(O)/'ﬁm(X)}IN(P))
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@ except on positive real axis
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Light-cone sum rules

Dispersion relations?

- (P+a)
@ correlation function is analytic /

Tu(P.a) = [ d'xe™(OIT(n(0) " (0}IN(PY) | S

cut
@ except on positive real axis \\ /

@ away from positive real axis it can be expanded around the light cone
] d*xe™ (0™ T{U' (Cy. ) (157" d*) (€ulivuti + €4G,) (X) }IN(P))
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Light-cone sum rules

Dispersion relations?

- (P+a)
@ correlation function is analytic /

Tu(P.a) = [ d'xe™(OIT(n(0) " (0}IN(PY) | e

cut
@ except on positive real axis \\ /

@ away from positive real axis it can be expanded around the light cone

T
igx v ~! ik i
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Light-cone sum rules

Dispersion relations?

@ correlation function is analytic
/

T.(P.q) = [ d*xe™ (O T{n(0) " (X)}IN(P))

A cut
@ except on positive real axis \\ /

@ away from positive real axis it can be expanded around the light cone

T
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Light-cone sum rules

Dispersion relations?

- (P+a)
@ correlation function is analytic /

Tu(P.a) = [ d'xe™(OIT(n(0) " (0}IN(PY) | e

cut
@ except on positive real axis \\ /

@ away from positive real axis it can be expanded around the light cone

Tu(P.@)= 3 [ [81(CL.(x. PP+ @)as 0(x) Ny
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Light-cone sum rules

=

o) Dispersion relations?
:L‘/\.

@ correlation function is analytic
/
A
poles /

T.(P.q) = [ d*xe™ (O T{n(0) " (X)}IN(P))

@ except on positive real axis

@ away from positive real axis it can be expanded around the light cone

P2 Tu(P.) =5 [ (o) A'(x, GP. (P + @) + B (3 CP. (P @)%)) 64, ) N

@ and analytically continued to positive (P + g)? (modulo subtractions)
oo ds .

fo s (PR /[dx]lm (mNA’(x,,Qz,s) + ﬁBt(X,',QZ,S))@;V(X,-)N,J; — subtractions
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fn

my Fi(Q) + 4 Fa@) | / ds
{

—(P+q? 5 P+q)2p(s’Qz)N+

Z/QP ) A

@ Combining hadronic sum and OPE result

= ds inFi(Q%) o ds
fo m/[dx]lmA’(x,-,Oz,s)¢fv(x,-) W fs,, WP(S,QZ)

@ need some assumption to extract F; (Q?) or Fo(Q?)

‘ Quark-Hadron-Duality ‘




@ Assume that

j‘°° ds
s S—(p+Qq)?
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@ fits to proton data




Results

How does it compare to experiment N*?
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@ upper line: fit only to Clas data

@ lower line: fit to all available data on helicity amplitudes
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Results

What do we learn N?

00 02 04 x; 06 08 10 00 02 04 x, 06 08 10

@ leading distribution amplitude can be extracted with 10-20% accuracy
@ leading twist distribution amplitude peaks at

40% : 30% : 30%
@ orbital angular momentum contributions are important
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H Results
What do we learn N*?

~

SR
=
Method AN fys AV ©10 P11 20 P21 P22 10 M1
LCSR (1) 0.633 0.027 0.36 -0.95 0 0 0 0.00 0.94
LCSR (2) 0.633 0.027 0.37 -0.96 0 0 0 -0.29 0.23
CATTICE | 0.633(43) | 0.027(2) 0.28(12) | -0.86(10) | 1.7(14) | -2.0(18) | 1.7(26) | - 5

Parameters of the N* distribution amplitude at uz =2GeV?

@ results nearly insensitive to leading twist 3 distribution amplitude
» related to small value of fy- ~0.7-1072 GeV?
@ dominated by twist 4 DAs related to orbital angular momentum
@ mass corrections very important at low Q?
@ qqqG-Fock states not taking into account
@ need larger G fit region to reliably extract shape parameters of DAs
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Outlook and Conclusion

What has been done?

@ consistent renormalization scheme for three-quark operators
Krankl, Manashov

@ light-cone expansion of three-quark operators with generic coordinates
Anikin, Braun, Offen

NLO coeff|0|ent functions for twist 3 and 4

: % é

— —

\ | o I W
o {
Anikin, Braun, Offen

@ nucleon mass corrections for all twists
Anikin, Manashov

@ nucleon electromagnetic form factors

N* form factors
Anikin, Braun, Offen
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Outlook and Conclusion

What else can be done/improved?

What can be done?
@ Roper resonance and N*(1650) in principle no problem
but constraints from lattice helpful
@ axial form factors
@ threshold pion production at large momentum transfer
@ Apc — N* or other heavy baryon decays first estimate gives BR(A, — N* /1)~ & BR(A, — Niv)

What improvements are possible?

@ mj-corrections (complete resummation of my corrections?)
@ inclusion of qqqG-Fock state distribution amplitudes
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Outlook and Conclusion

Conclusions

@ light cone sum rules give most direct connection of experimental data and
distribution amplitudes

@ only minimal model assumption
» Quark-Hadron-duality
@ large contribution of angular momentum

» important for N(940)
» dominant for N*(1535)

@ qualitatively different distribution amplitudes for N(940) and N*(1535)
extension to heavier resonances possible

@ more data from experiment and lattice are needed

Nils Offen (University of Regensburg) N* FF and DAs in QCD Trento 14.10.2015 19/21



a0 —
L a [ M 1 20 DG s ] 4 [Pra 1 Gr ] e
S 2manai (2a) — 22 a1 (1) — 2|3(rn /TN RE—3) 4+ B — 7| hia(za) + 2BE—T)hia(E) — |8(zasEa) + 5| A ()
| Blano(em) 1 (G/ma)( T 2)7eialra) (/2 (T 2 aualeei) | (B/xa)lioa(:ra) (B/wa Mioa(ra) o

waams Y () =

Ar)E B

o
e [ (AT — L)1 () + (L 2Ly (R ) 4 (R — Srge s () b 2(5 — L)@ G ) s (B w)

e (e w2 — T e )] — s [(1 4 ZEVRa (@) + ZRL — s (@e) 4 2(5 — TL) Aastan)]
1(L 1 2ZL)wsdesn(es) 1| dwndera(ea)

[fra 1 Gon/wmd FoonCl 1 2E) 1 duwaCa Z0]]7inCon) 205 2)(on farsdianlord
SR2L — T) /T (Fa) + (W) [205 — Dy + 2T — 280ws] faularn) — mrws [ e (@0 + 20 (#2) — Thus (22)]
VB (E ) 1 [2enseny 1] o)

Yiza(

> 1 2Cra/Ta)tnn

ma) 1 [ wmd ] timaCny. @R
R

L tmnma [(5 — 3301 (22 + (3 — ALYgus(Bas ) + 2C2L — 13gss(as @2) — 2gas (1, 22) + 2gas(n, 2]
| BT AP 1 i@ 1 [RO 270w 1 23

23] e o) 1 4B ) [FemC
+6(3 — ALIna() + B[4 — 3 4+ A(@e/T2) (B — )] Aau(ms) — 127m(x1) + L2(@2 /7) Pera(wa)
H/BOCEL — DRrs(Er) — (/) (ZL — 1 hra(rs) + (L/E s (E1) — (s s ) -
wraaC Y ()

) Bmin]

azs
iR Mnen 120 2marra) | (B AT GRaea) | 2T Sy (ra )

2 (1w — Zg (Fa, 72D S Gran w2) | 4 2ea | (6L — w4 (2L — Hywa| A ()

s [Lre + BE — Daru] Aia (22 — 2 [Amaza(SE — ) + wamu (2L — 3) -+ 2222 L] Ras ()
1 2aa (oo 1| Bwadina (1) | 2ewa(Sws

| (rn) 2[10wiwa | wmaa] B Grn) 4GS 1 2L feraCon)
(15 L Ra(En) + BCwa s AL — Dwe 4 (5L — 151wa] i) + A/ [(3 4 221w < Ga] Pinlan)

dnmT) Sraran(Ea) | (4/em) [Rraea 1 rama]Raatea) | 120/ FOMaE) | G T DxalEa)
— (A/x) [Bay + 2xs(L — 2) |hu(ru) + A/ Fa)hau(Fe) — A(Fs/T2) A (x2) .

azay

Zezal¥ (x
1L (L S eYs

LT P (S WK Y PRV STy

§ B ) [2(5 DunGemaen) s Genea) | gm Geend | 1 e [( 8 1 (2R D | Bt

— 2wa(1 w220 |24 — 1A () — A (Fa) + 200, (@2) | 4 2o [ (AL — 12)/Fa & (AL — 13) sy — 4| Aun(Ea)
+2[101 + w32 — £) + (w2/x 08 — 1] AialEa) + 1[1 — (@1 /Fa) + (2a/=) | £22@a) — A1 = (@a/z0)] A2alEa)

2| SFRIURT — %) — 2T (BT — Ty — (1m0 )BT — 2| Fuatoa) = 2[2(27. — T) + (1/m (RT. — 2%) | Bualra)
1|2 /23) (enfan) (2700 | Beatea) 1At (27

PIERSYESS N 5



Perturbative part of F;

@ next to leading order calculation in progress
1
Fi(QP) = > /[dXi] f[in]¢N(Xi;u) T (X, Yis i) on(Yis 1)

@ 1890 diagrams with up to seven legs needed

: :
. 4, i ..
“agafy :

@ renormalization for asymptotic distribution amplitude done

L01019/01010]

@ some tricks to avoid overlapping phase space divergences still needed
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