Iso-vector Form Factors of the Delta and
Nucleon in QCD Sum Rules

A. Ozpineci

Physics Department
Middle East Technical University,
Ankara, Turkey

June 20, 2012
QCD@Work

A. Ozpineci Iso-vector Form Factors of the Delta and Nucleon in QCD Sum R



Outline

Outline

@ Motivation

@ Form Factors in Light Cone Sum Rules
@ Form Factors Presented:
@ Axial vector form factors of the nucleon,

@ Tensor form factors of the nucleon
e Axial vector A —Nucleon transition form factors

o Axial vector A baryon form factors
@ Sources of uncertainty
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@ Axial vector form factors of the nucleon,

G. Erkol, A.O, Phys.Rev. D83 (2011) 114022 for all octet, also by Aliev et al. (2007)
@ Tensor form factors of the nucleon

G. Erkol, A.O.,Phys.Lett. B704 (2011) 551-558

e Axial vector &3& ucleon transition fo%&b}ors
also by ﬂ: Azizi, A.O. (2008) (’(\
tor A baryon form@(ﬁﬁrx

° Sources of uncertainty
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Outline

Motivation

@ A and N baryons are the lowest lying baryons that have
spin-3/2 and 1/2 respectively.

@ Form factors are important quantities describing hadrons
(e.g. their shape and size)

@ Axial vector form factors can be probed by e.g. v’s or =

@ Tensor form factors can be related to spin-dependent
generalized parton distributions.

@ They need to be calculated using non-perturbative
methods

@ In Light Cone QCD sum rules, the form factors can be
expressed in terms of the distribution amplitudes of the
corresponding hadron. ()
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Form Factors in Light Cone QCD Sum Rules

Form Factors in Light Cone QCD Sum Rules

@ Consider the correlation function
8% (p.q) = 1 [ d*xe(0|Tlna (0)Ar()]|(p)).

@ Inserting a complete set of hadronic states, it becomes

P (p.) = 32 (12 O (o + @) lArBL)
h

@ To calculate form factors describing the matrix element
(B'(p+ q)|Ar|B(p)), choose a current 7z such that
(Olns/|B'(p+ q)) # 0 (the larger this matrix element, the
better it is) ()
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Form Factors in Light Cone QCD Sum Rules

@ In the case of axial-vector nucleon form factors

A, = G759
2

o= 2€abcZ(UaT(X)Cdeb(X))Jéuc(X)
/=1

OlnnIN(P)) = Anu(p)

(NE)IAING) = 56 1,05Ca(eP) +

m

5Gp(9?) | u(p).

where J] = 1, J2 = J} = v5 and J5 = B is an arbitrary
parameter.
@ = —1 corresponds to loffe current

Q)
v/
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Form Factors in Light Cone QCD Sum Rules

@ In terms of the form factors, the correlation function
becomes:
Ga Gp
MNn= )\Nw dyuysu(p) + ANWCIM gysu(p) + - - -

@ The coefficients of the structures gv,,vs and g* gvs give
us the form factors G and Gp respectively.

@ The correlation function can also be calculated using
holography (see talk by F. Bigazzi), lattice, or OPE.

Q)
v/
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Form Factors in Light Cone QCD Sum Rules

@ In terms of the QCD parameter, in the p?, p’?> — —oo limit,
the correlation function can be calculated using OPE:

ne = %/d“xe’qx 22:

£=1
{01 (CUi)ar [J2S(=X)7u75] 5 4¢2°(0107, (0)G35(x) 5, (0)| B)
+02(J3)pa [(CI)TS(=x)775]., 5 46%°°(0| a7, (X)935(0) G5, (0) | B)
+03(2) 5 [CH S(=X)778] ., 4€abc<0|Q1aa(0)qgﬁ(0)q§7(x)|3>} ;

where
GN:{C1202:1703:715671%Uquﬁuaq?aﬁd}’
Gr:{cr=0c=1,0=0,q = U G — U, g3 s},
G=:{ci=c=0,03=1,q1 25 @—>sg-d, O
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Form Factors in Light Cone QCD Sum Rules

@ The matrix elements 4€2°(0|u2 (a4 x)uj(azx)dS(asx)|N)
are calculated by V. Braun, et al.. They can be written as:

= S1MnCap(15N), + Somy Cap( X15N)- +

2 2
(w +2 Z’NVM) (BC)as(15N), + -+

where Sy = [ Dx;e™'2i3%PX Sy (x;), etc.
@ Si(xj), etc. describe how the quarks are distributed in the
nucleon

Q)
v/
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Form Factors in Light Cone QCD Sum Rules

@ Contributions of higher states and continuum are
subtracted using quark hadron duality

@ To eliminate unknown polynomials in the spectral
representation and to suppress contributions of higher
states and continuum, Borel transformation is applied

1 R MR
m2 _ p/2 — € /
@ Sum rules for the form factors can be obtained from the
integral

So

m2 s
H(QR)e™ i :/ e 2 p9C0(s; Q?)

0

/

where p@CP can be expressed in terms of the QCD o
parameters only '
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Results and Conclusion

Results

B =tan6 J
Dependence of Form Factors on cos 6
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Results and Conclusion

Extrapolation

Extrapolation function used to extrapolate the predictions on gx out of
the validity region of sum rules:

Gas = QA,BG_Qz/miﬁ

Neither dipole nor exponential fit function describes predictions well
for gp.

A\

Fit parameters

Baryon Fit Region (GeV?) gap mag (GeV) gas(Exp) gas(Lattice)
[1.0-10] 1.68 1.20
N [1.5-10] 1.24 1.33 1.2694(28)  1.280(15)
[2.0-10] 0.97 1.42
[1.0-10] 1.11 1.32
¥ [1.5-10] 0.92 1.40 0.998(14)
[2.0-10] 0.77 1.48
[1.0-10] 0.46 1.25 O\,
= [1.5-10] 0.41 1.29 0.282(6) 4
[2.0-10] 0.35 1.35
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Nucleon Tensor Form Factors

Results and Conclusion

@ The tensor current is defined as:
T, = Uio,,u — dioy,d
@ The tensor form factors are:
(N(P)I T IN(p)) = B(P') |icHr(d?)

+’7qu ’YVq,uE (q ) Pqu - P qMH ( )

u(p),
2my 2mz,

where P=p '+ pandg=p —p
)
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Tensor Form Fact

Results and Conclusion
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Exponential Fit Parameters

Results and Conclusion

Form Factor Fit Region (GeV?) Fr(0) mr (GeV)
[2.0-10] 115 135
Hr [1.5-10] 152  1.25
[1.0-10] 2.11 1.13
[2.0-10] 096  1.11
Er [1.5-10] 133 1.03
[1.0-10] 192 094
[2.0-10] 043  1.10
Hr [1.5-10] 0.63 1.01
[1.0-10] 097  0.91
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors
A — N Axial Vector Form Factors

Results and Gonclusion Axial Vector A Form Factors

A — N Axial Vector Form Factors

o jh = %eabC[Z(uaTCde)uc(x) + (u3T Cy,uP)d9)
@ The form factors are defined as:

(A(p, 8 A (X)IN(p. 5)) = iT\(p', ')
[{Cé(qz) CA(@?)

My Y+ M2 p,u} (g)\ugpu - gApg;w)qp +

C(q?)

Céq(q2 )g>\l/ M2

a\qv U(p)

° BUT....
Q)
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Results and Conclusion

@ (Oljals = 3(P)) # 0, i.e. (lighter) spin-1/2 particles also
contribute to the correlation function
@ In general

(Oljals = 1/2(p")) = (Ap™ + By*)u(p')

hence all the contribution from spin-1/2 baryons are either
proportional to p;, or have +* at the far left

@ Other Dirac structures do not receive contributions from
spin-1/2 baryons.

Q)
v/
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors
A — N Axial Vector Form Factors

Results and Gonclusion Axial Vector A Form Factors

Monte Carlo Analysis of Uncertainties Due to Input
Parameters

@ Proposed by D. Leinweber 1995 (for mass sum rules)

m2 s

o Mf(@)e # = [® e i pOCD(s; Q?)

@ For each value of Q?, choose a random value for the input
parameters (normally distributed) within their uncertainties
and obtain f(Q?)

e Fit the distribution of f(Q?) to a normal distribution to
obtain its mean and variation.

@ M? and sy are randomly chosen (in the working region)
with a flat distribution )

)
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Results and Conclusion

Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Fit Function

f(Q?) =

(1+Q2/m?)?

f(0)

.

Fit Parameters

f(0) | m(GeV)
Cs | 0.049 | 2.10
Cy | 0.448 1.24
Cs | 1.11 1.52
Ce | -1.66 1.40

.
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors

A — N Axial Vector Form Factors
Axial Vector A Form Factors

Results and Conclusion

@ The Axial Vector A baryon vertex is defined as:
(A(p', $)A(x)|A(p 5)) =

T qllfy5

2705 00 (91(@Phns + el 2 )

aqhB
T (@ = ho@) 3 ) |0, 9
@ Only the leading twist distribution amplitudes of the A
baryon are calculated (C.E. Carlson and J. L. Poor, 1988)
@ Leading twist is not enough to calculate hy and hs form
factors due to additional factors of q in their coefficients.
@ Calculation of A — N form factors using A distribution

amplitudes can give an idea on how well the leading twist )
DA describes the A baryon.

)
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R It d Conclusi A — N Axial Vector Form Factors
esults and Lonclusion Axial Vector A Form Factors

Q’ (GeVH)

Q)
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Results and Conclusion
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Nucleon Axial Vector Form Factors
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Results and Conclusion Axial Vector A Form Factors

Fit Function:

—~
-
4

3
~
N
A\,

Fit Parameters

7(0) [ m(GeV)
gi | 545 | 085
g5 | 2421 | 0.81

A
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Nucleon Axial Vector Form Factors
Nucleon Tensor Form Factors
A — N Axial Vector Form Factors

Results and Conlusion Axial Vector A Form Factors

Conclusions

Nucleon and Delta isovector form factors are presented
Baryon mass corrections are important.
Need more information of A baryon DAs.

Uncertainties due to the input parameters, fit region are
analyzed

Using M? dependent sy might reduce the uncertainty? (to
be done, see next talk)

Q)
v/
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