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1. Previous Successes

(a) Deuteron Compton Scattering at w=0...200 Mey  "9HemmertHidebrandiPhilips 2004
hg/RPH/TRH 2005

— Iso-scalar a8, B, at O(e3) Full dispersion,
chirally consistent,

as, B .
ELPM1 strong A para-magnetism.

A in Small Scale Expansion

Hemmert/Hostein/Kambor 1998

Short-distance coefficients da, O3 fit to experiment.

— Determine static polarisabilities a5, 8S.

— One-body contributions

— meson-exchange currents
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(b) Un-Polarised Deuteron Compton Scattering s
hg/RPH/TRH 2005

Bhap Laleg] 150 do mbarnsi]
— noparn/sr
dQ lab

world data: 28 points

lllinois, Saskatoon, Lund
1
Determination using Baldin-2-rule:
a® = 11.3+ 0. 7star 0.65+ Lincory
B°= 3.2F0.7sta* 0.65 £ 1theory

— proton & neutron polarisabilities

Upcoming
MAXlab: [60;120 MeV, data taken;

HIys: 65 MeV, approved

120



2. Spin-Polarisabilities in the Deuteron

(a) Dynamical Polarisabilities from “Interactions”: Nucl eonic Faraday Effect

Response of spin-degrees of freedom in nucleon  to real photon of definite multipolarity and non-zero energy .
—> Multipole Analysis.
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ae1(w) E? + Bur(w) gz] spin-indep dipole

-2 Ye2(w) 6 By Eij +2 yeivz(w) o E Bij]

“mixed” spin-dep dipole

+... } N quadrupole etc.

Eij = %(d Ej —i—djEi) etc.
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(b) Iso-Scalar Spin-Dependent Dynamical Polarisabilities

Hildebrandt/TRH/hg/Pasquini 2002/03

Predicted in XEFT: No N-core contributions = no free parameters.

Spin-physics dominated by pion-cloud + A (Viuim1, YW1E2)-
w;
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3. Per Aspera Ad Astra

(a) Deuteron Polarisation Observables and Notebook Shukla/hg/McGovern/Phillips 2009

linpol. Y, unpol. deuteron:

lin

do
do

X

circpol. Y, vecpol. deuteron:

B
circ X I

linpol. Y, vecpol. deuteron:

. X »;‘:’
pin 3\ et

\ \

Differences A and asymmetries ¥~ = ——
sum

2 X6 observables, 6 polarisabilities, 3 kinemat. variables w, B, @ + additional Constraints
— scalar polarisabilities 0'g1, Buvi1 - Yo, Y (???) — experiment: detector settings,. . .

— Kill too many trees when all presented.



3. Per Aspera Ad Astra

(a) Deuteron Polarisation Observables and Notebook

Shukla’hg/McGovern/Phillips 2009

— Interactive mathematic 7.0 notebook available from hgrie@gwu.edu
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Shukla/Phillips 2005
Shukla’hg 2009

(b) Spin-Polarisabilities from Circularly Pol. Photons at 125 MeV

Deuteron Best: Incoming Y circularly polarised, sum over final states. N-spin in (K_k")-plane, perpendicular to R:

. . circ
difference A", asymmetry 33"¢ = —X— vs
sum
Sensitivity on A & NN-rescattering: Sensitivity on wave-function:
----- N7T, no NN; -----N7mm+ A, no NN; ——N7m+ A+ NN NNLO Epelbaum 650 MeV, AV18, Nijmegen 93
. . . Wiap = 125 MeV
7N
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6 [ded
— More pronounced by explicit A(1233 — No residual deuteron wave-function dependence

— Thomson (NN rescatt.) important even at high w = 125 MeV — Higher pols negligible



Shukla/Phillips 2005
Shukla’hg 2009

(b) Spin-Polarisabilities from Circularly Pol. Photons at 125 MeV

Deuteron Best: Incoming Y circularly polarised, sum over final states. N-spin in (R,R’)-plane, perpendicular to R:

. . circ
difference A", asymmetry 3¢ = —X—
sum
Sensitivity on VE1E1
— 52 ----- —52+2 ... -52-2
Wb = 125 MeV 675151 — 42 wpap = 125 MeV, 6(eg1—Bw) = +2, Baldin fixed
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0 [ded 6 [ded

Sensitive to Y11, but must nail down  Og1, Bv1 at lower energy.

Similarly good signal for linear polarisation Aﬂ”.



(b) Spin-Polarisabilities from Circularly Pol. Photons at

125 MeV

Shukla’hg 2009

Shukla/Phillips 2005

Deuteron Best: Incoming Y circularly polarised, sum over final states. N-spin in (R, _k")-plane, perpendicular to R:
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n n . T . . Maximon 1994 (proton)
(c) Switching Off Polarisability Contributions R ——

Lpol = 4rtN' % ag1(w) E2 + Buvi(w) B +... VN

Example: linearly polarised photon, w = 45 MeV, 6 = 90°

wiab = 45 MeV, dagy = +2 Wiab = 45 MeV, 6By, = +2
26—
=
= 25 NS
7] N\
= e
= NN\
g 2 AN
= AN\
£, 23 AN
818, N
AN
21 NS ST —
no contribution from By ~=
0 30 60 90 120 150 18(C 0 30 60 90 120 150 18(C
6 [ded 6 [ded

Unaffected by orbital ang. momentum in deuteron; Weller HIYS approved for w = 65 MeV circpol.

Only in cross-sections of special configurations; not for asymmetries!



4. Concluding Questions

(a) Comprehensive Approach to Compton Scattering

H. W. GrieBhammer (GW), J. McGovern (U. of Manchester), D. R. Phillips (Ohio U.), D. Choudhury Shukla (GW—UNC)

Comprehensive Compton Scattering picture off p, d, SHe in XEFT.
Goals: Guide and support experiments: planning and data-taking.
ongoing: MAXlab ; approved/planning: HIYS , MAMI, S-DALINAC,. ..

— multipole-analysis == map out energy-dependence of response, spin-polarisabilities.
— proton-neutron difference.

— short-distance origin of C.T.s da, 0.

Done: Coding, streamlining,. ..; Upcoming: XEFT with A(1232) at 0% Pascalutsa/Phillips 2003 — J. McGovern

— Kinematics: correct TT-threshold, A-resonance position. Next focus of attention.
— NN-rescattering: XEFT potential & deuteron wave-function fully consistent. Simple.
— Thomson limit & A(1232) in 3He. Work!, with Bochum-Krakow.
— Breakups like yd — ynp (Kossert data) Long-term.

Explore knobs and handles for credible error-bars § 0.3(?), exp. planning: Picture emerging.







(a) Spin-Dependent Dynamical Polarisabilities from Multip ole Analysis ng...2003-4

Spin-physics dominated by pion-cloud 4+ A. No N-core contributions.
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+3 {yElEl(w) G- (Ex E) + ymi(w) @ - (B x é) “pure” spin-dep dipole

Og1(w) E2 + Buvi(w) @2} spin-indep dipole

—2 Yie2(w) 6 B Bjj + 2 ye1vz(w) ai j Bjj +} N  “mixed” spin-dep dipole

5 15
- 0 [ £ 10
£ =
L s L
= = 5
2 10 ! . I
* £
& -15 &

-20 -5

90 100 110 120 130 140 150 90 100 110 120 130 140 150

w [MeV] w [MeV]

Assumptions: 01 (W), Bu1(w) well captured, only two spin-polarisabilities Y11 (W), Yvivi(w) large;
superficial fit to existing data.

—> precision experiments on P, d, SHe: MAXLab, TUNL/HIYS, MAMI, S-DALINAC, LARA, ...



(b) Messages for the Chiral Power-Counting

Weinberg 1991, van Kolck 1992-; cf. hg forthcoming

Only phenomenological input: | Non-relativistic system with shallow (real/virtual) bound-state.

Power-Counting: QM
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VNN
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(b) Messages for the Chiral Power-Counting

Only phenomenological input:

Non-relativistic system with shallow (real/virtual) bound-state.

Weinberg 1991, van Kolck 1992-; cf. hg forthcoming

= VNN + @ VNN NQfl
I
Power-Counting: Qm Qm Q2m+3_2':Qm — m= -1
Examples: NRQCD/NRQED EFT(7D) XEFT
A07p'8\
- 2 = =
~1 1 : A - - 01-002-4 1
Coulomb ~V Co~ ' — AT T —— % "~
o g >< R I A
Ao pA
Q2

TN non-perturbative only in bound-state dynamics: E ~ i




(b) Messages for the Chiral Power-Counting

Only phenomenological input:

Non-relativistic system with shallow (real/virtual) bound-state.

Weinberg 1991, van Kolck 1992-; cf. hg forthcoming

= VNN + @ VNN NQil
I
Power-Counting: Qm Qm Q2m+3_2':Qm — m= -1
Examples: NRQCD/NRQED EFT(7D) XEFT
AO7pA
- 2 = =
1 1 : ga - - 01-402-0 1
Coulomb ~V Co~ ' — AT T —— % "~
e g >< A B A
Ag.p-A
Q2

TN non-perturbative only in bound-state dynamics: E ~ i

’

TaE~ Q- | £
Nstatic

E~my JPEEIY
o« .

—> perturbative, 2 orders down

cf. soft photons/gluons in NRQED/NRQCD



(c) Deuteron Compton Scatteringat w=0...200 MeV Hildebrandt/hg/Hemmert 2005, hg 2006

2
One-body: electric, magnetic moment couplings W~ m ~ 20 MeV
LoQ1?
-1
LoQ
T
Z Full LO Tnn pivotal for d Thomson at LO.
i
partialwaves Arenhovel 1980
g1 B

Iso-scalar polarisabilities N3LO



(c) Deuteron Compton Scatteringat w=0...200 MeV Hildebrandt/hg/Hemmert 2005, hg 2006

2
One-body: electric, magnetic moment couplings w~ — ~20 MeV

=
LOQ~

TN
Z Full LO Tnn pivotal for d Thomson at LO.
partial waves )
Arenhovel 1980

S S
ag1.Ba1

Iso-scalar polarisabilities N3LO

K

XEFT pion-exchange currents: Beane et al. 1999-2005; hg/. .. 2005
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(c) Deuteron Compton Scatteringat w=0...200 MeV

Hildebrandt/hg/Hemmert 2005, hg 2006

2
a)w%zZO MeV w~ Q~ 100 MeV

LoQ1?
LoQ1? N\, NLO, N3LO

One-body: electric, magnetic moment couplings

T
Z Full LO Tnn pivotal for d Thomson at LO.
partial waves

Arenhével 1980 \, N3LO, perturbative

S S
0g1.Ban

Iso-scalar polarisabilities N3LO /"NLO

XEFT pion-exchange currents: Beane et al. 1999-2005; hg/. .. 2005
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(d) Determine Neutron Polarisabilities hg/Hemmert/Hildebrandt/Phillips: 2004; hg/RPHTRH 2005

llinois o, Lund +, Saskatoone ~ =---- Nrmonly (LO); ------ N7only (NLO fit Beane et al.); N7+ A + stat. error
25 20
Wiy =55 MeV 175 Wi =94.2 MeV }
= 20 = 15
= = 125
£ 15 8
c 8 10
o =
S b 75
) 2 5
5 a=11.3+0.7 p=3.2%¥0.7
2.5
25 50 75 100 125 150 175 25 50 75 100 125 150 175
Orap [deg] Biap [deg]
constrained: ES - 113 :I: o.7stat:l: O.GZiltheory BS - 32 :F O.7stat:|: OGZi ltheory
Proton hg... 2003: aP = 11.0+ L4giart 0.45 + Lineory BP = 2.8F 14gart 0.45 + Lineory
previous ranges: 6...18 [—4...9]

estimate theory uncertainty (< +1): higher-order 1N; AV18 vs. LO XEFT, d wave-fu., with vs. without Ty

= neutron ~ proton polarisabilities
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