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Nucleon and Delta(1232)
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Outline

“1-slide introduction to chiral EFT
- Compton scattering off protons, polarizabilities

Radiative pion photoproduction, Delta’s MDM

- Chiral expansion in the complex plane
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Chiral EfT = low-energy QCD

[ Weinberg (1979), Gasser & Leutwyler (1984),
Gasser, Sainio & Svarc (1988), ...

exploits the fact that the Goldstone bosons of spontaneous chiral
symmetry breaking interact weakly at low energy (chi. sym. requires
derivative couplings, and # of derivatives = power of momentum)

Lagrangian: E(ﬂ', N, = ) = Z cnO(pn/A;SB)

n

S-matrix: S — Z An(Cz) ZTZ

xS B
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Chiral EfT = low-energy QCD

[ Weinberg (1979), Gasser & Leutwyler (1984),
Gasser, Sainio & Svarc (1988), ...

exploits the fact that the Goldstone bosons of spontaneous chiral
symmetry breaking interact weakly at low energy (chi. sym. requires
derivative couplings, and # of derivatives = power of momentum)

Lagrangian: E(ﬂ', N, = ) = Z cnO(pn/A;SB)

AxSB ~ 471‘f,,r ~ 1GeV

n

S-matrix: S — Z An(Cz) ZTZ

YSB Cn = Cn(AQCD)

Tuesday, June 1, 2010



Chiral EfT = low-energy QCD

[ Weinberg (1979), Gasser & Leutwyler (1984),
Gasser, Sainio & Svarc (1988), ...

exploits the fact that the Goldstone bosons of spontaneous chiral
symmetry breaking interact weakly at low energy (chi. sym. requires
derivative couplings, and # of derivatives = power of momentum)

Lagrangian: E(’/T, N, = ) — Z Cn n/A SB)

AxSB ~ 47l'f7,- ~ 1 GeV

S-matrix: § — Z A C
2 XSB Cn = Cn(AQCD)

Near a resonance (or a bound state):

= s—M? ZA” (_xr)

A F — excitation (binding) energy of the resonance (bound state)

Tuesday, June 1, 2010



Chiral EfT with A(1232)

A(1232) -first nucleon resonance, AFE =A = Max — My =~ 300 MeV

E.9., Compton scattering on the nucleon

Total cross-section at NLO
[v.P. & Phillips, PRC (2003)]
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I'n >~ 115 MeV - the width.
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e

£ = 3=, My = 938.3 MeV, he = 197 MeV- fm

ga = 1.267, fr = 92.4 MeV, m; = 139 MeV, m_o = 136 MeV, £, = 1.79

Mp = 1232 MeV, hy = 2.85, gy = 2.97, g = —1.0
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/ MAML/TAPS (2001)

~ Curves: |
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- Data points:

~ MAMI/TAPS (2001)
~ SAL (1993)

~ Illinois (1991)

s

: Cross-sections agree,
larzpi!ifies not
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Delta-resonance as a particle with
magnetic dipole moment

-~
-

| - Quark model, large N¢ = ——

e \

Natural value

Relativistic pointlike charge with mass M

and spin S has magnetic dipole moment

or, gyromagnetic ratio g=2

| .

jl n large-N; limit: = I (GDH sum rule argument
8 o Ma-My=0(/N,) - = N _ __ S. Weinberg, 1972)

| e 7NA coupling, hy = <94 ———

, e YNA coupling, Gy = 24:,@;4,,, Ge/Gax = O(1/N?) =

: e Magnetic moments, pa = eapy =

| - z

: -}'/:;;;;;—— ;: ’:/-
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Delta-resonance as a particle with
magnetic dipole moment
Natural value
| Relativistic pointlike charge with mass M
and spin S has magnetic dipole moment

or, gyromagnetic ratio g=2

In large- N, limit: =—— | (GDH sum rule argument
o Ma — My = O(1/N,) : = [ y S. Welnberg, 1972)
e 7NA coupling, hy = %g,@ —

8 e YNA coupling, Gy = &-‘,éﬂp, Ge/Gu = O(1/NZ)

e Magnetic moments, pa = eapy

Natural and quark-model value - close

R andh A aa A B A b
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(Aubin, Orginos, VP, Vanderhaeghen, PRD (2009)]
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Band: NLO ChEfT
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New lattice results 2:
3-point function method

I

Data at phys. pion mass:
TAPS@MAMI Kotulla et al (2002)

Lattice data:

(Alexandrou, ... Lorce, VP,
Vanderhaeghen (2009)]

Band: NLO ChefT

| |
A Quenched

O N_=2 Wilson
* Hybrid

0.5
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New lattice results 2:
3-point function method

|

Data at phys. pion mass:
TAPS@MAMI Kotulla et al (2002)

Lattice data:

(Alexandrou, ... Lorce, VP,
Vanderhaeghen (2009)]

Band: NLO ChefT
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| | | |
A Quenched

O N_=2 Wilson
* Hybrid

0.1 0.2 0.3 0.4 0.5
m_% (GeV?)
w

In present lattice calculations
Delta is stable!

Ma < Mpy +m;,
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 The Delta is just within reach of chiral perturbation theot
excitation energy: M — My ~ 300 MeV
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The Delta is just within reach of chiral perturbation theor:
excitation energy: M — My ~ 300 MeV

Include as a field (Rarita-Schwinger vector-spinor) into the
effective Lagrangian.

:
-«
i
.
g
-
4
.
|
%
i
|
4
'\
i
.
i
"
1
1
i
4
.
:
!
4

B N T P

l
\
!
.
.
.

Tuesday, June 1, 2010



The Delta is just within reach of chiral perturbation theor:
excitation energy: M — My ~ 300 MeV

effective Lagrangian.

Power-counting for Delta contributions (SSE, " delta-co
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The Delta is just within reach of chiral perturbation theor:
excitation energy: M — My ~ 300 MeV
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Radiative pion photoproduction

Machavariani, Faessler & Buchmann,
NPA (1999), Erratum-ibid (2001).

1232- Drechsel et al, PLB (2000)

Drechsel & Vanderhaeghen, PRC (2001)

PRC (2005).

938

Pilot experiment:
Kotulla et al
(TAPS@MAMI)

Chiang, Vanderhaeghen, Yang & Drechsel, PRL 2002

e — ———

V.P. & Vanderhaeghen, PRL (2005), PRD (2008) ':

e ——

Calculation to NLO in the & expansion “

2 free LECs — and
/’ \ /’ N
(d) (e) (f) |

Dedicated experiment:
Schumann et al.
(CB&TAPS@MAMI-B),
EPJ A 2010

By-product experiment:
Prakhov et al.
(CB&TAPS@MAMI-C),

preliminary

Tuesday, June 1, 2010




chiral loop corrections: exact

unitarity & e.m. gauge-invariance

4 free parameters — LECs corresponding
to Gy, Gg, G at Q?=0, and G,, radius.
Only 2 free parameters for photoproduction!

o it e — —

Tuesday, June 1, 2010




0
Yp—>Tp

©
o
<

EY =290 MeV

-o-

(O]
S O

III|IIII|IIII|III
0
250 300 350 400

®

T
(\®
)

[
o

EY = 340 MeV

°
©
| | 1 1 | 1

QN

%é
g —
= N
= .
= 10 e
e
= —
é o
= ~
= ~
==
=

do/d€2_ [ub/sr]

-

s A
A

O 1

WA

—_ B
S S
|||II|III [

AL AR

E =390 MeV ° o

| | | | I.q

IIII|IIII|IIII|IIII 90

0 |
250 300 350 400 450 en [deg]

Ey(lab) [MeV]

BN

Data: Arends et al (A2 Coll.)
Curves: NLO EFT

Tuesday, June 1, 2010



1) Backward-forward asymmetry:

Divide the Ball into F and B hemispheres,
add events where outgoing pion and gamma’
land in the SAME hemisphere with -,

| in the OPPOSITE with +.

| Divide by the total.

| | e — Data: Schumann
- etal, preliminary

i
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1) Backward-forward asymmetry:

Divide the Ball into F and B hemispheres,
add events where outgoing pion and gamma’
land in the SAME hemisphere with -,
in the OPPOSITE with +.

Divide by the total.
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Chiral expansion: HBChPT vs BChPT
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Chiral expansion: HBChPT vs BChPT

— e —
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Complex-energy VS complex-mass
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+ NNLO BChPT calc. of Compton scattering
exhibits a potential problem in the extractiol
proton polarizabilities
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+ NNLO BChPT calc. of Compton scattering
exhibits a potential problem in the extractior

proton polarizabilities

|° Delta’s MDM @ MAMI can possibly be
| determined using the new BF asymmetry
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1: NNLO BChPT calc. of Compton scattering
] exhibits a potential problem in the extraction o
proton polarizabilities

~ | Delta’s MDM @ MAMI can possibly be
~ | determined using the new BF asymmetry

~ | Analytic structure of pion-mass dependence
| least in ChPT) is simple, and can be used to
achieve technical advantages and insight into
the convergence problem.
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Polarized observables (HIGS proposal)
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