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YNA form factors: chiral behavior at low Q

W=1.232 GeV, Q2 = 0.1 GeV?
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data points : MAMI, MIT-Bates,
lattice QCD [Nicosia group]

[V.P. & Vanderhaeghen, PRL 95 (2005); PRD 73 (2006))
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Example - Nucleon Mass
[Gasser, Sainio & Svarc, NPB (1988); ... ]

Power-counting: p"

Vi # of vertices from £
L # of Loops
N # of internal pions

Ny # of internal nucleons

L = Z L) k = # of pion derivatives and masses
) = NGD — My + 9aa,7y"ys)N
= V(i ~ Mn + 5 (@umras) N+ ()
‘C’7(r2]27 = 421Nm72TNN—|—
LECs %ﬁ L, Ne=1, Ny =1]
O\ ] , N
My =My —4cinmy — . N +

Ny
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Example - Nucleon Mass
[Gasser, Sainio & Svarc, NPB (1988); ... ]

L = Z £(k), k = # of pion derivatives and masses Power.counﬁng; pn
Efrljz, = N —]\OJN‘F;ACLM’}/M’%)N n =) kVy+ 4L — 2Ny —
— ( J — MN 4+ 22 ( )yH 75)]\[ + O(7?) Vi # of vertices from £*)
2f71' g
- . B L # of Loops
Loy = 4an mi NN+ ... N, # of internal pions
Ny # of internal nucleons
LECs %ﬁ% Nr=1 Ny=1]
O 0O 9 // - \\ +
My =Mn—4cinm; — . o
3
O(p”)
But, actually J '
39% : :

{—M]:){,LJrMN(l—L)m?T—mi(\/l—m%/éleV ATCCOS T 4 — T I m”)}

2(47Tf7r)2 2MN 4MN MJQV

where L=< + ... contains the UV- divergence, removed by MS-bar: L =0
remaining m2 ”compllcates life a lot” [GSS88]. Violation of power counting?!

Ny
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O

My = MN‘

m2 =0
o 1dMy L
SN 4 dm?2 mgzo_mirgo 4m72T07TN
MN:]\}N—ZLgleQ — 9124 (Bﬂmg —|—O(m4)) +
T g g O )
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[V.P. & Vanderhaeghen, PLB (2006)]

Presently nucleon mass is computed up to p*6 in HB-ChPT
[Birse & McGovern (2006), Schindler et al (2007)],
and to p*4 in BChPT.
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Analyticity in pion-mass squared
[ Ledwig,V.P. & Vanderhaeghen, PLB (2010) ]
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Analyticity in pion-mass squared

[ Ledwig,V.P. & Vanderhaeghen, PLB (2010) ]

-
——
-
-
-
.
e
Ud

.= S

-
- ~s

-
- ~ -
. ~

______

~ .
______

______
~
~
N‘\
~,
~
~
~
N,

S
~
~
~
S
~
______

’
-’
-
-
-7
-
—————

0
o 1 Im f(2)
Jmz) = ﬂfdtt—m%+i0+

holds order by order in the chiral expansion,
with # of subtractions = # of LECs
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Analyticity in pion-mass squared

[ Ledwig,V.P. & Vanderhaeghen, PLB (2010) ]
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holds order by order in the chiral expansion,
with # of subtractions = # of LECs

Verified for nucleon mass, a.m.m.,
polarizabilities at order p”3.
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Example: magnhetic moment

(p* loop) gz%lMZZV T (1 2 3,1
Im«” @) = ETAE 2/1(57' +4) (1=3GT+ )01,
2 ag2
(p3 loop) . gAMN T 2 . _ 2 - 1.2
Im «, (1 = _(47rf,r)2 2/1(%7- + /l) o0(—t), with 7 = ¢/My and A = [;7° — 7.
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Example: magnhetic moment

‘—'§~~~ PN Lem T . Lem . .

’ . * -~ ’ . . “~

. . . . . . . .
. & . ’ s ’ .
A Y ’ d ’ )
2 ' 1 /) "

2
31 g M JT
e 0 = Sl a) (1= 2 p)ac.
3 g M2 T
Im & 1P ) = (41:rf 7 2/1( T+ /1) 0(-1), with 7 = 1/My, and 1 = [i7? — 7.
1 Ima oP &M 1 4 - 117 + 372 NG
——fdt’ P = 1 - V1 arccos — — 67+ 1(=5+37)InT},
T v —t (47 fr)? 4 ] 2
—oo 1 - ZT
L[ e ) aM; 1 21 vz
——fdt’ = 2— ———+rarccos— —7lnT1}.
T r—1 T Gnf)?2 L 2
—00 4
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Example: magnhetic moment

2
(p? loop) _ gAM d _ 31 _
Im«” @) = ETAE 2ﬂ( T+ /1) (1- 3¢+ D)6,
&My
I (p* loop) ) = A +1) 6(-1), — 2 — 1.2
m & 1P () ) 2/1( T ) (—1) with 7 =t/M?3 and 1 = [172 — 1.
Um0y @M (41174322 VT
__fdt' P = A 1 - Vr arccos — — 67+ (-5 +37)In7},
s v —t (Anf,)? 4 1 2
e 1 - ZT
0
I [ Im KP100P) (1) gaMy 1 2-7 VT
_;fd — = _(4ﬂfﬂ)2§{2_ = \/?&I‘CCOST—TIIIT}.

1

direct calculation of the loops results in the same r.h.s!

c.f.: Holstein,V.P. & Vanderhaeghen, PLB (2004), PRD (2005);
Bethe & de Hoffman, Mesons and Fields,Vol. 2 (MIT Press, 1970)
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Example: two-loop selfenergy
(sunset diagram)

-y
~
e”

::/ \‘:: J sunset(mza Mz) - 7T_d f ddkl f ddk2 2 > > > : 5 :
“\ /" (kl —m )(k2 —m )[(P - kl - k2) - M2]

______

2(2e-1)

2 g2 2 a2
mjsunset(m M), t=m"/M

defining the dimensionless: J() =

and # of dimensions: d=4-2¢,

t(t—1)

dzf(t) ML @,}? #3(1=20)2 = 3600J(0) = 5 (17 - 2r)

Since for real  the equation is linear with real coefficients we deduce that the solution develops an imaginary part

when the inhomogeneous term (the r.h.s.) develops an imaginary part, i.e., for < 0.

The solution for the imaginary part is of the form

Im J(r) = 6(-t) 7| - % +1(=7+@Q@+0In(=0) - (1 - > In(1 - 1) + O(e)|

which agrees with F. A. Berends, A. 1. Davydychev and N. I. Ussyukina, Phys. Lett. B 426, 95 (1998).
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Example: Delta(1232)
mass and width

_____
- ~~

1 933 _ ] L 12
M (haMa\ 3(f+’”)[ 20+ (1 —a)(r—24 )]+4T, t<0
2 8z, ) ) 30t 0<t<A
i 0, t> A,

\

A = My — My, the Delta-nucleon mass difference.

r=My/My,T=1t/M>,a= %(1 +72—1),and A% = a® — 1.

~—~—
S
~
~
~s\ @
~,
N,
N,
N,
N,
N,
\,
A

A2

_________________

S
~
~
~
S
~~
“““““

Im ZVN 1P () (122
(7N loop) , 2 1 ’ A my
Re 2 m:)=—— | dt

e = = o =2 ( ’ )

Chiral corrections to Delta’s mass and width
are defined unambiguously this way,

____________ independent of field redefinitions, etc.
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Insights to the (bad) convergence
of the HB expansion

Becher & Leutwyler (1999)

[“Infrared Regularization” violates analyticity,

cf. Becher & Leutwyler (1999).]

J.Hall & V.P. (2012) arXiv:1203.0724
0

Fm2iA2) = — /dtImf(t) (m_727>n

2
7'(' t—mz t
— A2

where A interpreted as momentum cutoff
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Cutoff dependence
in HB- and B-ChPT
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Cutoff dependence
in HB- and B-ChPT
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Cutoff dependence
in HB- and B-ChPT
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Heavy-Baryon expansion fails for quantities where
the leading chiral-loop effects scales with a negative
power of pion mass

E.g.: the effective range parameters of the NN force
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Polarizabilities: a CONFLICT with PDG

BXPT (HBYPT) PDG

op’) |0@®)+0(p'/A)|O(p*) est.| [45]
alP)|6.8 (12.2)| 10.8 (20.8) +0.7  [|12.0+0.6
AP -1.8 (1.2)| 4.0 (14.7) +0.7 ||1.9+05

TABLE I: Predictions of baryon xPT for electric (a) and magnetic (/3) polarizabilities of the proton
in units of 10~ fm?, compared with the Particle Data Group summary of expernnental values.

Buri = (1.9 +£0.5) x 107* fm® [PDG]
Buri = (4.0+0.7) x 107 fm® [BChPT@QNNLO]
1 T 1T 17T 1T 11 | | I O L O L =
30 £ — NNLO ByPT
— - o  MAMIO1 .
@ [ o0 SAL93 _
0 . -
) 5 20 — ]
rage £ t -
S [ :
s 10 —
S - E =149 MeV -
_4:......|...|...|.... O_ L1111 1 Ll
6 8 10 12 14 16
0 90 180
Ot(10_4fm3) ec.m. (deg)
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sSummary

0
o 1 Im f(2)
Jmz) = ﬂfdtt—m%+i0+
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sSummary

@ pion-mass dependence (chiral behavior) of e.g. nucleon mass obeys a

dispersion relation in both Heavy-baryon vs Baryon ChiPT, as the result of
analyticity in the complex quark-mass plane
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@ technical advantages (calculating the absorptive part is simpler)

@ insights from the FRR: quantities which expansion begins with inverse
powers of pion mass converge badly (unnaturally) in HB-ChPT,

e.g. polarizabilities, NN effective range parameters.
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