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But for smaller wavelengths, the target is polarised by the electric and magnetic
fields
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For large wavelengths, only sensitive to overall charge: Thomson scattering

AVAVAVA ILe

But for smaller wavelengths, the target is polarised by the electric and magnetic
fields

To leading order

_ 2 . .
Hopp = (p 21?1A) -|-Q(I)——4TC(OCE2-|-BH2

+ yEIGE X E+YM16-FI X FI_2YE2EijGiHj+2YM2HijGiEj>

where Eij = %(ViEj + VjEi) and Hij = %(ViHj + VjHi)
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Born Non—-Born
The scattering amplitude has Born and non-Born pieces. The latter probe the

structure of the nucleon; polarisabilities are leading signs of non-pointlike nucleons
as we increase the photon energy.
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Born Non—Born
The scattering amplitude has Born and non-Born pieces. The latter probe the
structure of the nucleon; polarisabilities are leading signs of non-pointlike nucleons
as we increase the photon energy.

Bom
Born +
Polarizabilities
Full ChPT
Mainz, Olmos de Leon, 2001

Saskatoon, MacGibbon, 1995

Saskatoon, Hallin, 1993

Illinois, Federspiel, 1991

50 100 150 200 “tab

Moscow, Baranov, 1974

Other, [Baranov], pre 1970
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Subtracted DR

oo 12 I N2
dv’= Wi (v',07)

T(v,0%) = —VZ/V 41 0%+ 0(0
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Hydrogen etc: r, = 0.8775(51) fm, CODATA 2010
Muonic hydrogen: r, = 0.84087 4=0.00039 fm

Pohl et al, Nature 466, 213 (2010)Antognini et al, Science 339 417
70 deviation!
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Main contributions to the pp Lamb shift:

discrepancy | 0.31 meV
polarizability | ?? -0.01meV
finite size || GG
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Kallen-Sabry [
one-loop vP - N |
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ZS ____ | proton size
2 ——— l4nev
B, 0.2eV Not to scale!
hydrogen
2 - : proton size
Sl/2 23 meV 4 meV
muonic hydrogen
Main contributions to the pp Lamb shift:
S Ty |
discrepancy | 0.31 meV
polarizability | ?? -0.01meV
8 finite size [N
recoil |
B=3.1+05 = self-energy + muon VP [l
L Kallen-Sabry [
Afpol = ~0.0085(11)meV one-oop vP - |

M. Birse & JMcG, Eur. Phys. J. A 48 (2012) 120
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At a hadronic level, we consider Compton scattering from the nucleon as probing
its excitations and particularly its pionic cloud.
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At a hadronic level, we consider Compton scattering from the nucleon as probing
its excitations and particularly its pionic cloud.

W+ ‘/ ‘ + ‘C/’—x\.i +..

Optical theorem leads to sum rules for forward scattering

RS e

Baldin SR: 1 /oo Gtot(®) 1 /oo 01/2((9) — (53/2<Q))

oaO+pPp=—= dow and = —
b 212 Joy 02 0= O, ®3

dw

Both quite accurately evaluated for the proton:

alP) + B(p) = (13.8+0.4) x 10~% fm3 Olmos de Léon et al. EPJA 10 207 (2001);

Yo = (—0.90 + 0.08(stat) = 0.11(sys)) x 10~% fm* as byproduct of GDH expt. at
MAMI and ELSA. Pasquini et al. Phys. Lett. B 687 160 (2010)
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Two common methods: Dispersion relations and Chiral Perturbation Theory

Both consider pions as crucial source of energy-dependence in amplitudes (Delta
resonance also captured)
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For the full non-Born contribution (6 independent amplitudes) need different ap-
proach.

Two common methods: Dispersion relations and Chiral Perturbation Theory

Both consider pions as crucial source of energy-dependence in amplitudes (Delta
resonance also captured)

DR uses partial wave analysis of YN — ©N data as input
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For the full non-Born contribution (6 independent amplitudes) need different ap-
proach.

Two common methods: Dispersion relations and Chiral Perturbation Theory

Both consider pions as crucial source of energy-dependence in amplitudes (Delta
resonance also captured)

DR uses partial wave analysis of YN — ©N data as input

Chiral Perturbation Theory is a field theory which treats pions and nucleons as
basic degrees of freedom
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For the full non-Born contribution (6 independent amplitudes) need different ap-
proach.

Two common methods: Dispersion relations and Chiral Perturbation Theory

Both consider pions as crucial source of energy-dependence in amplitudes (Delta
resonance also captured)

DR uses partial wave analysis of YN — ©N data as input

Chiral Perturbation Theory is a field theory which treats pions and nucleons as
basic degrees of freedom

Both have difficulties with parameter-free predictions; both can be used to fit Comp-
ton scattering data and extract polarisabiltiies.
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Effective field theory of QCD- relies on separation of scales

e pions are light (mz << mp)

e low-energy pions interact weakly with other matter (Lyyn o< Na,ﬂczv).

Thus pion loops are suppressed by = m%/Az where A = mp. The Lagrangian
contains infinitely many terms:

£=Y £ ")
(n)

Non-pionic nucleon structure shows up in low energy constants ¢; *, but is sup-

pressed by power of momentum: (k/A)":

NS s

1@

Calculations to nth order involve vertices from £(%) and pion loops with vertices
from £{"=2): truncation errors are ~ (k/A)" 1.
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We include nucleons, pions and the Delta in our Lagrangian.
4),CT
£ =ome | (8B} + 88173 ) (b —viaw) — (S0t + 8053 ) v | FHPFY H.

Counterterms shift oz and By at 4th order. Counterterms for spin pols at 5th
order.
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We include nucleons, pions and the Delta in our Lagrangian.

£ =ome | (8B} + 88173 ) (b —viaw) — (S0t + 8053 ) v | FHPFY H.

Counterterms shift oz and By at 4th order. Counterterms for spin pols at 5th
order.

,PP.(2) S¢

_ F)
WA My (My + My)

{\Tf(igMF W gpysFHY)0, s — By 0 u(ignF* — geysF “V)\lf} ,
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We include nucleons, pions and the Delta in our Lagrangian.

5T =ame?H | (8By) + 8Bj1173 ) (b —vivw) — (Bt + 8y 3 ) v | FHPF Y H.

Counterterms shift oz and By at 4th order. Counterterms for spin pols at 5th
order.

[PP.(2) S¢

_ F)
WA My (My + My)

{\Tf(igMF I — gpysFIYV )0 — 5 9 u(ignF* —grYsF “")\V} ,
A= Mpx—My =~ 271 MeV is a rather small scale. Traditionally it is counted as
A/Ay ~ mg/Ay (“SSE”). But in Compton scattering the pion is clearly important at
lower energies than the Delta.

o mg A 5y ( A )2 My
Alternative: count —~— = =|— ~—

A Ay Ay Ay

Then graphs with one A propagator are one order of 0 higher than the correspond-
ing nucleon graphs in low energy region.
Pascalutsa and Phillips, Phys. Rev. C67 (2003) 055202
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We include nucleons, pions and the Delta in our Lagrangian.

5T =ame?H | (8By) + 8Bj1173 ) (b —vivw) — (Bt + 8y 3 ) v | FHPF Y H.

Counterterms shift oz and By at 4th order. Counterterms for spin pols at 5th
order.

[PP.(2) S¢

_ F)
WA My (My + My)

{\Tf(igMF W — giysFH )9y — B 9 u(ignF* — grysF “")\V} ,
A= Mpx—My =~ 271 MeV is a rather small scale. Traditionally it is counted as

A/Ay ~ mg/Ay (“SSE”). But in Compton scattering the pion is clearly important at
lower energies than the Delta.

mr A 2 A 2 mr
Alternative: count e~ — = ¥ =— ) ~—=
A Ax AX AX

Then graphs with one A propagator are one order of 0 higher than the correspond-
ing nucleon graphs in low energy region.
Pascalutsa and Phillips, Phys. Rev. C67 (2003) 055202

Different counting in resonance region; we work to at least NLO in both.
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Born terms give the Thomson term and spin-dependent LETs (ensured by gauge

and Lorentz invariance)

contribution with typical size W~ My w e~ A

(i) j ,-_J e?0? (LO) e0”
(i) (a) L_g f (b) E i (c) W e?)? e?0!
e264 e26?

i) @ S e N
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Born terms give the Thomson term and spin-dependent LETs (ensured by gauge

and Lorentz invariance)

contribution with typical size

W~ My w~ A

(1) “_g 2

e?0? (LO) e0”

M @5 S0 N @

e2§2 e291

i) @ S e N

In resonance region Delta-pole graph dominates

e26t €292

(1) P %

Include Delta width by resuming self-energy: —

243 e?0~1 (LO)
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contribution with typical size wn~MmMe | we~ A

(a)\“,v-vff <bw ()\f”f (d)"\,x-\ f e?? e?s!
()Lﬁ/ <bW <>\]f”f (d)\f

g B A My >/

N 6264 6262

<j>?"-f; (k)4 ZQ<1 ’;H(m’ '“a 3

-
’
!

) l
1 I
\

(© A ®) -H\ @Y e
-

S’

\~—4
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At 4th order we have 1/M corrections and ¢; contributions
Delta loops are less important in low-energy region

(i) (a)kﬁwrfﬂ (bw <c>\,—f~<\“f (d)ﬁ"""“f e?° ‘ e??

Important: predicts full energy-dependent amplitudes, not just polarisabilities
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contribution with typical size | w ~m, | w ~ A

(i) b ed? ed?

(ii) (a) e ed™ ed?

(b) ", ’—_\\\
(iif) eSS

edb e’

The inclusion of the imaginary part of running vertices satisfies Watson’s theorem
- cancellation of I = 3/2 loops at resonance

O Sk AT w e T
2 — S —- '

' N

(ii) —— l\\ vs. .\\m
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T(w,z) = Aj(w,z) (™€) +A(m,2)

- photon energy, z = cos 0; Breit or cm frame
Non-Born pieces:

®, z) =47 [og 1 +2Bu1] O+ ...
Ay(®,z) = —4T By % + ...
A3(0,2) = —4% [YE1E1 +2¥M1m1 HYELM2 +2YM1E2) © F ..
Ag(o, 7) = 4T [—Ypim) +Ym1E2] 0+
As(®,z) = 4TYp1p01 ©° +
Ap(0,2) =AY 1M @ + ..

If we write 0l — 01 (®) etc we have [ = 1 in a multipole expansion
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We can predict the full energy-dependence of the amplitudes, and only the value
at the origin for o, B and ys141 are fitted.
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We can predict the full energy-dependence of the amplitudes, and only the value
at the origin for o, B and Y171 are fitted.

30 WA i 7 Wr WA

25 30} - YEIE1 (w) —
20/ 20| 5

15¢ 10!

10F :

—1 O

: —20! . |_o5t :
0 S50 100 w150 200 25(9 30070 50 100, 150 200 %gO 30070 50 100, 150 200 %50 1300

10, AR Al
- YMIM1 (w) \ YEIM2 (w) ;
5f ‘\ 27 7
y// ‘\‘ ————————————————————————— I 0 Ss==
0;.___ - —“r—-- 0 2: \
"""""""""""" \ I 4l
-5 \ 1 -4 YMIE2(w) /
: \_/ al _6r
(o] NN I ‘ i P A I SN I N ‘
0O 50 100 150 200 250 300 O 50 100 150 200 250 300 O 50 100 150 200 250 300
4th-orderwith Delta @ = 3rd-order pions Wcm
-------------------------- 4th-order with Delta (no vertex loops) ---------- DR (Pasquini)

Note contribution of Delta, and also of the running of the YNA vertex.

JMcG et al. , in preparation
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We can predict the full energy-dependence of the amplitudes, and only the value
at the origin for o, B and ys141 are fitted.

30 :
25 30
20 20
15¢ 10

10r O

—1o§

0 50 100 150 200 250 300 O 50 100 150 200 250 300 O 50 100 150 200 250 300

4th-orderwith Delta @ = 3rd-order pions Wcm
-------------------------- dth-order with Delta (no vertex loops) ---------- DR (Pasquini)

Note contribution of Delta, and also of the running of the YNA vertex.

JMcG et al. , in preparation
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Different predictions do not fully agree on the physical origins of the polarisabilities.
But Chiral and DR predictions agree very well for the shape of the energy depen-
dence of corresponding multipoles

30 Wy WA Wy WA 10 Wy WA
25 30} 5 yEIEL(w) —————<
20 aEl (w) 20 M1 V% 0. o~

lo; O _____ “-‘ _105

5 0 =

0 - \eemoy — 20

: o~ 200

_5t o D L

T Y R S T T L R —20““““““ T S T L
0O 50 100 w}50 200 2569A 300 0 50 1000)”150 200 2a5)9 300 0 50 100 w,r150 200 %59 300

10, .
- YM1IM1 (w) M2
5__/ 20
Of Oj"_':::'::"'"-"":_'::-_--:-_--_-:L:_-_
_5t o
_lo:“““““““““““““‘-‘——41 ““““““““““““ 7‘“‘“‘”‘“‘M‘H‘HH‘HH‘
0 50 100 150 200 250 300 O 50 100 150 200 250 300 O 50 100 150 200 250 300

®cm
HBChPY aasasccssaaas BCHPT e o o e e o o DR

DR: Hildebrandt et al. , Eur. Phys. J. A 20 293 (2004) Chiral: JMcG et al. , V Lensky et al. in

preparation
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Different predictions do not fully agree on the physical origins of the polarisabilities.
But Chiral and DR predictions agree very well for the shape of the energy depen-
dence of corresponding multipoles

30, Wy W Wy N 10, Wy W
o5} 30 5( yEIE1 () —————
~ ol e o g
15 10/ -5}
107 0 | |-10f

5 \ -15

0 -10 \eezy — 200

ST NI S ;| S S il g S ‘ O ‘
0 50 100 150 200 250 300 “O 50 100,150 200 250 30070 50 100,150 200 250 300

10, "
YMIML@) < - YEIM2 (w)
5____;_-:/ 2[
0 Ofeszromsmmmrre e e e
g o
_10! 1 _4f

0 50 100 150 200 250 300 O 50 100 150 200 250 300 O 50 100 150 200 250 300
Wcm
HBChPY sssscccscas=s BChPT o= o o o o o DR

DR: Hildebrandt et al. , Eur. Phys. J. A 20 293 (2004) Chiral: JMcG et al. , V Lensky et al. in

preparation
Our strategy: Static polarisabilities best obtained from Compton scattering.
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20t ] . 20t © o5t
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15} | f | - 15/ \ P - 20!
e e EI oy x5
dQ g’ w=101MeV | 2’ w=109MeV | g’ w=117MeV >
0 50 100 150 0 50 100 150 0 50 100 150
30F | | —& 25l | | & |30f | | 4 a0l
25 ]
25} ' 20! 125¢ :
20¢ . ] 20¢ ;30’
10 10 15 20
’ 1107 110¢
5 L5 sl //1/#/ 10
0 - w=133Mev | 7 w=141MeV o w=149MeV -
0 50 100 150 0 50 100 150 150 0 50 100 150
f « ¢ 60r | | o140 . : 50F | | |
40 50! 140 - 10l . )
30 | 40 | 30 * A “ 30! .
, . 4 |30 — ;
20 | o / | 20 I ,
10t 1 1ot LSS | 100 10 :
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Chicago 58 MIT59 V¥ Moscow 60 A lllinois60 @ MIT 67 Ocm

Moscow 74 A Illinois91 9 Mainz92 H SAL 93 M SAL 95 € Mainz01

A significant from around 140MeV upward—especially at backward angles
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band gives spread of theory curve due to energy binning
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Constraining oo+ 3 with Baldin Sum rule and fitting consistent data set up to 170 MeV:
o, = (10.65 +0.35(stat) + 0.2(Bald) 4 0.3(theory)) x 10~*fm?
B, = (3.15F0.35(stat) +- 0.2(Bald) ¥ 0.3(theory)) x 10~*fm?
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exp(stat+sys)+theory/ model 10 —error in quadrature
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i )
5 McG/DRP/hg free <
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e
— 4
5|
T30
= |McGovern/Lensky 2014 .
S 20 PDG 2013
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| 7 TAPS: free :
ol ‘\
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figure courtesy of H. GrieBhammer

Judith McGovern

Polarisabilities
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Resonance region—very sensitive to magnetic YNA coupling (~ gﬁ}). We iteratively
fit gar; value 10% lower than fit to photo production.
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Resonance region—very sensitive to magnetic YNA coupling (~ gﬁ}). We iteratively
fit gar; value 10% lower than fit to photo production.

We cannot get an acceptable fit with the predicted value of Y7111 = 6.4

(large contributions both from A and O(Q4) 7N loops).

We FIT it to give Yps171 = 2.2 £0.5(stat). Final fit good: ?=113.2 for 135 d.o.f.
4th-order statistical errors on oo — 3 are larger than 3rd order.

9.5

9.01

8.5

8.0p
1

7.5¢

7.0¢

6.5

11

Deduce theory error from convergence:
LO (O(e?8), BKM) o — B = 11.25
NLO (O(e?8*) a—B=17.5
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Resonance region—very sensitive to magnetic YNA coupling (~ gj‘(l). We iteratively
fit gar; value 10% lower than fit to photo production.

We cannot get an acceptable fit with the predicted value of Y7111 = 6.4

(large contributions both from A and O(Q4) 7N loops).

We FIT it to give Yps171 = 2.2 £0.5(stat). Final fit good: ?=113.2 for 135 d.o.f.
4th-order statistical errors on oo — 3 are larger than 3rd order.

9.5

9.01

- | Deduce theory error from convergence:

om0 ‘ . LO(O(e®8), BKM) o.— B = 11.25
o e N2LO (0(e*8) oo — B =17.5

7.0¢

6.5
11 12 13 14 15 16 17 18

2.51

Also check sensitivity to data: need to be

YMIM1
2.0r

somewhat selective of old data sets to get a
good xz, can't fit Hallin data above 150MeV.

1.5

1.0t

2.5 3.0 3.5
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50

300
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30b 50
0
200 220 240 260 280 300 320 340

4aof

20}

0 50 100 150 200

f=133° fi=155°
OO 50 160 1é0 200 00 5.0 1(.JO 15.0 200
B 0@
————— HB O(*)
HB O()

op = (10.6 +0.25(stat) +- 0.2(Bald) + 0.4(theory)) x 10~*fm?
B, = (3.2F0.25(stat) & 0.2(Bald) 4 0.4(theory)) x 10~*fm?

V. Lensky & JMcG Phys. Rev. C89 032202 (2014) ; V. Lensky et al. Phys. Rev. C86 048201 (2012)
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We fit to low-energy data (up to 180-200 MeV), but with constraints from the higher-
energy data to ensure the A parameters are sensible.

In spite of the amount of data, the sensitivity to the polarisabilities especially [ is
not very high. Magnetic response varies rapidly with energy and zero-energy value
is only a small fraction of the total by 150 MeV.

\/ peif)3 /" \/

Blap =90°

\/ M\/

What would help

e Better data! (Theorist’s view...)

e More data in the region 160-250 MeV

e More data at forward and backward angles

e Data for polarised scattering (beam and target)

DDDDD
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Consistent treatment of one- and two-body diagrams

ARG L1

Rescattering diagrams needed for
Where

B

Thomson limit, but fourth order
at higher energies.

5

A
i
X

The A only enters in @ at this order.
Ensuring correct Thomson limit for deuteron is important even at 50-60 MeV.

Judith McGovern Polarisabilities

AR

K

Pisa July 3rd 2015
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So far only O(Q?); further work required to go above pion threshold.
Older data from lllinois e, Saskatoon, « and Lund a (29 pts in total)
New data from Lund x, 23 points. Myers et al. , PhysRev. Lett. 113, 262506 (2014)

25F
20
15]

101

5r wlab=55MeV RIS wlab=66MeV RIS wlab=78MeV
5| . I I |
20} ot e e :
5] + X | . f
| % X
10 ” 1 ] % X ]
5t Wap=86.2MeV -F Wiap=94.5MeV 1k Wiab=104MeV 1k Wiap=112.5MeV

0 30 60 90 120 150 19 30 60 90 120 150 19 30 60 90 120 150 0 30 60 90 120 150
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So far only O(Q?); further work required to go above pion threshold.
Older data from lllinois e, Saskatoon, « and Lund a (29 pts in total)
New data from Lund x, 23 points. Myers et al. , PhysRev. Lett. 113, 262506 (2014)

Th N

25F
20
15]

101

5t Wiap=49MeV ks Wiab=55MeV i Wiar=66MeV i Wiar=78MeV

25} I o ]
20¢ T I I+ ]
15| s % 4 4 f
1 T z %

° 1 I | X * |
5t Wap=86.2MeV -F Wiap=94.5MeV 1k Wiab=104MeV 1k Wiap=112.5MeV 1

0 30 60 90 120 150 19 30 60 90 120 150 19 30 60 90 120 150 0 30 60 90 120 150

oy = 11.140.6(stat) 0.2(BSR) + 0.8(th)
Bs = 3.4F0.6(stat) £0.2(BSR)  0.8(th).

o, = 11.65 +1.25(stat) +0.2(BSR) = 0.8(th)
Bn =3.55F 1.25(stat) =0.2(BSR) 0.8(th)
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exp(stat+sys)+theory/model 1o —error in quadrature

9

neutron

B [1074 fm?]
~

(V)
T I T T T T

2
: p PDG 2013
1 : GﬁeBhamm?r 2014 | | | |
7 8 9 10 11 12 13 14

ag; [107% fm’]

figure courtesy of H. GrieBhammer

Judith McGovern Polarisabilities Pisa July 3rd 2015
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figures courtesy of H. GrieBhammer

Judith McGovern Polarisabilities Pisa July 3rd 2015



MANCHESTER S
1824 S

The University of Manchester

— QA
Heff = P 2’% i +00—

+ Y18 -ExE+y6-HxH- 2YE2E;j0;H j+ 2Ylele'jGiEj)

@+ )G H—l47l: (ocE2+BH2
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Spin-polarisabities have most influence if the beam or target or both are polarised.
ol — ot

Linearly polarised beam >3 = ———
ol + o+
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The University of Manchester CO m pto N @ MAM I

New programme at A2 experiment using Crystal Ball and TAPS detectors

Large-acceptance detector
Tagged photon beam, circ. or lin. polarised or unpolarised,

Unpolarised (liquid hydrogen)... or polarised (butanol) protons
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Y5, Target polarised perpendicular to reaction plane, RH or LH circularly polarised ™

photons P. Martell, PhD thesis

T,x 0.0}
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—0.4}
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L4
Y. Target polarised perpendicular to reaction plane, RH or LH circularly polarised

photons P. Martell, PhD thesis

[ ] 0.4 ]
0.4L W)ap=288+15 MeV | * Wi =330£15 MeV |
0.2} 7 0-2f
Sx 00| | I oo
_0.2:— kj _o2l
~0.4} : [
L L L L L L ] _0.47 L L L L L
0 30 60 90 120 150 180 0 30 60 90 120 150 180

vm1 Variedby +1

Oab

>3 Unpolarised target, photons polarised in or perpendicular to reaction plane
m C. Collicott, PhD thesis (LEGS data *)

0.3

i P ]
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Chiral prediction (53, BChPT, Lensky) and NLO (54, HBChPT, JMcG) papers pending

Predictions and fits for proton polarisabilities

o+f oa—f Yo Yr
5 B 15.1 7.3 —0.9 [—46.4]+7.2
8*HB | 13.8+£0.4 | 7.54+0.7£0.6 | —2.6* [—46.4] +5.5*
SR/DR | 13.8+0.4 | 10.7+0.2 —0.9+0.14 | [-46.4] +7.6£1.8

DR: fixed-angle, Drechsel et al. Phys. Rep. 378 99;

YE1E1 YMim1 YE1M2 YM1E2
5’ B —34 3.0 0.2 1.1
5 —1.1+1.8 2.240.545+0.7;, | —0.440.4 1.94+0.4
DR —3.854+0.45 | 2.8+0.1 —0.15+0.15 | 2.0£0.1
MAMI1 | —3.5£1.2 3.2+0.9 —0.7+1.2 2.0+0.3
MAMI2 | —=5.0£1.5 3.1+£0.9 1.7+1.7 1.3+0.4

DR: fixed-t, summarised in HG, JMcG, DP & GF Prog. Nucl. Part. Phys. 67 841 (2012)
MAMI1: published extraction from MAMI X5, and LEGS X3 Martel

MAMI2: unpublished extraction from X, and X3 Collicott

5% theory errors from convergence. *: Yas1a71 from fit, otherwise Y171 = 6.4

Note errors mean different things in different lines; DR especially only reflect spred
from two databases
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Chiral prediction (53, BChPT, Lensky) and NLO (54, HBChPT, JMcG) papers pending

o+f oa—f Yo Yr
5 B 18.3 9.1 0 [46.4] +8.9
8*HB | 152+0.4 | 8.1£25+£0.8 | 0.5 [46.4] +7.7*
SRDR | 152+04 | 11.5 —0.25 | [46.4]+13.35
DR: fixed-t, Drechsel et al. Phys. Rep. 378 99;

YE1E1 Ymim1 YE1M2 YM1E2
B | —4.7 2.9 0.2 1.5
5 —4.0+1.8 1.34£0.56 0.7, | —0.1£0.4 | 2.4+0.4
DR | —5.75+0.15 | 3.8+0.1 —0.8+£0.1 | 3.0+£0.1

DR: fixed-t, Holstein et al. , Babusci et al.

5*: theory errors as proton. *: including input from proton fit.
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2.3: Unpolarised target, photons polarised in or perpendicular to reaction plane
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2.3: Unpolarised target, photons polarised in or perpendicular to reaction plane
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2.3: Unpolarised target, photons polarised in or perpendicular to reaction plane
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2.3: Unpolarised target, photons polarised in or perpendicular to reaction plane
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MAMI data is taken well into the resonance region....
Not ideal for extracting zero-energy polarisabilities!
Wy wy 10 Wy
1 A st HEIEl(w) -
: AMI1 (w)
0 50 100 ' : ' 50 100 150 00 250 000 50 100 200 250 300
o :
F MIMI@) YEIM2 (w)
SM
of —
_5§ 4l MIE2(w) \ /
[ Ne—
[ -6t ~
1% 50 100 150 200 250 3000 0 100 150 200 250 3000 0100 00 20 3m
4th-order with Delta @ 3rd-order pions Mcm

4th-order with Delta (no vertex loops)

DR (Pasquini)
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Some PRELIMINARY data on X3 from MAMI V. Sokhoyan and E. Downie

90M eV, Born, 8=3.15 (full), 3.15 (LEX) 110M eV, Born, 8=3.15 (full), 3.15 (LEX) 130M eV, Born, =3.15 (full), 3.15 (LEX)
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Some PRELIMINARY data on X3 from MAMI V. Sokhoyan and E. Downie
90M eV, Born, f=3.15 (full), 3.15 (LEX) 110M eV, Born, =3.15 (full), 3.15 (LEX) 130M eV, Born, $=3.15 (full), 3.15 (LEX)
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Some PRELIMINARY data on X3 from MAMI V. Sokhoyan and E. Downie

90MeV, Bom, £=3.15 (full), 3.15 (LEX)

150

0 50

110MeV, Born, =315 (full), 3.15 (LEX)

0.0
-0.2r
23 —0.4’

-0.67

-0.8&

110M eV, Born, full with g=1.15,3.15,

—0.2f
1 % g4l

-0.61

-08k - . .

0.0r

50 150

Experiments also planned at HIYS @TUNL
low energy—up to about 100 MeV currently, 150 MeV after upgrades.

0.0F
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%2 o4
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~0.7f

130MeV, Bom, £=3.15 (full), 3.15 (LEX)

130M eV, Born, full with g=1.15,3.15,
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X dQ1t— ~ dQ 1«
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A included, 3rd order. source: Griesshammer and Shukla Eur. Phys. J. A46:249, 2010
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Unpolarised, varying B,
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Experimental programme at MAMI, MAXlab and HIYS
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Experimental programme at MAMI, MAXlab and HIYS

Polarised yp scattering at MAMI: data being analysed; 120 MeV data especially
interesting for polarisabilities. Active target being developed for double-polarised
experiments at low energies

Plans for He
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Experimental programme at MAMI, MAXlab and HIYS

Polarised yp scattering at MAMI: data being analysed; 120 MeV data especially
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Further data on deuteron at higher energies expected from MAX-lab / MAX-IV
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Further data on deuteron at higher energies expected from MAX-lab / MAX-IV

HIYS up to about 100 MeV: approved experiments on polarised proton, deuteron
and JHe

Should soon know much more about the polarisabilities of the proton and neutron!
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See the slides of
Evie Downie Compton scattering and the nucleon polarizabilities

Gerald Feldman
New results for Compton scattering on deuterium: A better determination of the
neutron electromagnetic polarizabilities

Haiyan Gao Latest results on few-body physics from HIYS
John Annand Compton scattering from 3He and 4He using an active target

Harald GrieBhammer
Compton scattering and nucleon polarisabilities in chiral EFT: The next steps
Assessing theory errors using residual cutoff dependence (also Daniel Phillips)

Berhan Demissie Extracting neutron polarizabilities from Compton scattering on
quasi-free neutron in yd — ynp

And also talks by Franziska Hagelstein, Nadiia Krupina, Jose Manuel Alarcon,
Kalyan Allada ...



