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Nuclear Compton scattering Az

Accessing hadron internal structure — measuring unpolarized and polarized Compton
scattering observables:

Scattered
Photon

- Clear probe to understand non-pQCD
- Gives access to structure-dependent properties: \/\/\/\/\/\. —) S Recl

Proton

- scalar polarizabilities: ag and Bun

N Spin polarizabilities: YE1E1, YMIM1, YMIE2, and YEIM2 , ,
v(R) + P(q) = (R + P(q')
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Nuclear Compton scattering Az

Accessing hadron internal structure — measuring unpolarized and polarized Compton
scattering observables:

Clear probe to understand non-pQCD
- Gives access to structure-dependent properties: \/\/\/\/\/\. —) S Recl

- scalar polarizabilities: ag and Bun
N Spin polarizabilities: YE1E1, YMIM1, YMIE2, and YEIM2

v(R) + P(q) = v(K) + P(q')

Describe response of a nucleon to:

- External electric field

p=[am]x £

- External magnetic field

. —
Figures: P. Martel, PhD thesis (2013)
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Nuclear Compton scattering Az

Accessing hadron internal structure — measuring unpolarized and polarized Compton
scattering observables:

Scattered
Photon

- Clear probe to understand non-pQCD .

- Gives access to structure-dependent properties: \/\/\/\/\/\. —)
- scalar polarizabilities: ag and Bun o

N Spin polarizabilities: YE1E1, YMIM1, YMIE2, and YEIM2

Y(R) + P(q) = () + P(a)
Contribute to 2 exchange in pH Lamb shift

R k
q) e AE@) = AFC) 4 Nucleon form factor

D D + AE(M) e Nycleon structure function

b
+ A )‘F Nucleon polarizabilities

Taken from: M. Vanderhaeghen, pAtom@PSI22
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Compton scattering - Hamiltonian Az

N

- Zeroth order: mass (m) and electric charge (e) rTheory needed:

=2
O _ T ey here # =P — eA
oo TP (Where =P eh) - Dispersion Relation (DR)
- First order: anomalous magnetic moment (k) - Chiral Perturbation
g _ 0tk o e(+2n) [Fx 7] Theory (xPT)
eff = 2m 8m?

They can be used to fit
Compton scattering data

\ 7

- Second order: scalar polarizabilities ag and Bu

1 1 -
HG = b [Eam[ﬂ + E;BMWHZ]

- Third order: spin polarizabilities vyeigr, ymimn, ymiez @and yeimz

1 - o 1 R
H(e? = 747!‘[5’)/51515"' (E X E) + 5’7/\41/\/\15:' (H X H)

—ymie2EijoiH; + vemz Hr‘/"'rEj]

Edoardo Mornacchi - JGU Mainz - Compton scattering and proton polarizabilities 2/25



Scalar polarizabilities - existing results (before 2022)

5
BxPT
= HBYPT ; H .
» o Various agr and By extractions:
4 4 A : [ PDG
. L TARS - Different experimental inputs
‘\. - '\:' . . .
T 34 R - Different theoretical inputs
S - Different fitting strategies
1.
0 T T T T
9 10 11 12 13 14

ap1[1074fm3]

Baldin sum rule from optical theorem:

oo}
Otot\W
agr + B = dw#
wq w
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Scalar polarizabilities - existing results (before 2022)

3 BxPT
i HBYPT i i :
» o Various agr and By extractions:
4 4 ] : [ PDG
. L TARS - Different experimental inputs
e _ o
T 34 R - Different theoretical inputs
S - Different fitting strategies
1.
New high-precision
0 , , , , dataset needed!
9 10 11 12 13 14

ap1[1074fm3]

Baldin sum rule from optical theorem:
apt + B = / dme(w)
wo

w?
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Spin polarizabilities - existing results (before A2 program)

Only two linear combinations of the spin polarizabilities were measured from different
physics:

Forward spin polarizability

Yo = —Yeier — Yewz — Ymiez — Y = (—1.01£0.08 £ 0.10) x 10~ *fm*
Determined at MAMI and ELSA in the GDH experiment

- J. Ahrens et al. (GDH/A2), PRL 87, 022003 (2001)
- H.Dutz et al. (GDH), PRL 91, 192001 (2003)

Backward spin polarizability

Yo = —Ye1E1 — Ve + Ymie2 + Y = (8.0 £ 1.8) x 10~fm*

Determined with dispersive fits to back-angle Compton scattering

+ M. Camen et al. (A2), Phys. Rev. C 65, 032202 (2002)
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Compton scattering experiments - Beam asymmetry

- Linearly polarized beam & unpolarized target (ag,, Bu, and yu,m,)
X

- Circularly polarized beam & transversely polarized target (yg,e, ):

i
y z

- Circularly polarized beam & longitudinally polarized target (yu,um,):

R L
dof, —dol,

2X— R L
do?y 4 doty,

dJ_Ff_Z — dJI_;_Z X B K B K
do®, + dot, yI—>Z k2 »es70 I—» KL @70
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A2@MAMI Collaboration




MAinz Microtron (MAMI)

* Injector = 3.5 MeV
s RTM1*» 14.9 MeV
. RTM2 -» 180 MeV

. . RTM3 > 883 MeV
4-stage microtron |- HDSM™*» 16 GeV |

*RacsTrack Microtron
**Harmonic Double Sided Microtron

- Continuous polarized or unpolarized
electron beam

.....

- 122 =20 pA or 100 pA (pol/unpol)
- Linac & 3 RTMs (MAMI B) — 883 MeV

- HDSM (MAMI C) — 1604 MeV
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MAinz Microtron (MAMI)

- 4-stage microtron

- Continuous polarized or unpolarized
electron beam

- 122 =20 pA or 100 pA (pol/unpol)

- Linac & 3 RTMs (MAMI B) — 883 MeV

HDSM (MAMI C) — 1604 MeV
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A2 setup

—

Low E,

Focal Plane Detector

e —
_____ N
A A—A -
/ ollimator
Radiator ¢ \
Diamond . -
Copper Pair spectrometer

Tagger

Edoardo Mornacchi - JGU Mainz -

bremsstrahlung
~ beam

ANANANNANNANANNNN )

L Beam dump

Pb glass

Shielding wall

—
Main € beam

LH, target
L VETO

PID /
Bcam/camcra

N

PbWO, crystals

MWPCs

BaF, crystals

TAPS

Nal ch
Crystal Ball

7]25
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Photon tagging system N

High intensity (linearly polarized) tagged photon beam:
|

1
Beam dump

* By =Eo— Ee- Low E,
- For E; = 883 MeV: '
- By =40 — 800 MeV

- For Ep = 1604 MeV:
E, =70 — 1500 MeV

- Photon flux on target ~ 3 x 10’y/s

Focal Plane Detector

Main e beam

High E,

Radiator
Diamond
Copper

Tagger

8/25
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A2 setup

Pb glass

LH, target
MWPCs VETO
bremsstrahlung
hl brm BLdII]/LdIner

N

PbWO, crystals

BaF, crystals

Crystal Ball TAPS

Nal crystals
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Unpolarized target (do/dQ & ¥3):

- Liquid hydrogen target (LH,)
- 10 cm long cell
- T=20K
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Unpolarized target (do/dQ & ¥3): Polarized target (Xx&¥,):

- Liquid hydrogen target (LH,) - Butanol (C4H9OH)
- 10 cm long cell - 2.cm long cell
- T=20K - T=25mK

- Polarization > 90%

- Relaxation time > 1000 h
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Detection apparatus

Crystal Ball TARGET TAPS
Highly segmented EM calorimeter Liquid Hydrogen Highly segmented EM calorimeter
AE/E =0.020 - E[GeV]0-36 10-cm capton cell AE/E = 0.018 + 0.008/E[GeV]°->

op=14...0.95°

/ g < 1°

0y = 0g/sind
g =2—3°
Particle ID
Barrel of thin

scintillators
Ap = 15°

Photon beam TAPS-Veto
Thin scintillators before
each TAPS crystal

Multiwire Proportional Chambers
Precise charged tracking/positioning

gg ~ 2°

PID Energy

o
O'¢N3

Edoardo Mornacchi - JGU Mainz - Compton scattering and proton polarizabilities - A2@MAMI Collaboration 1/25



New high precision measurement




Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6.,, = 30° — 150°
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Experiment Az

Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6.,, = 30° — 150°

1. Events with one neutral cluster

Y
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Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6.,, = 30° — 150°

1. Events with one neutral cluster 2. Subtraction of randoms in tagger
s e it Bl s i oo
- - - B = Atfns]
Goa—he Ao 500
atins]

Edoardo Mornacchi - JGU Mainz - Compton scattering and proton polarizabilities - New high precision measurement 12/25



Experiment N

Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6., = 30° — 150°

1. Events with one neutral cluster 2. Subtraction of randoms in tagger

s
a0l

10l

w . P Aw. e Mw ”WW

B I
atins]

4o~ %0 o 20 4w w0 w0
Atins]

3. Subtraction of the empty target

wy = 124.1 MeV and 6, = 135°

n»g%&m;ﬁmﬁﬁ‘ MM M

I -
e
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Experiment Az

Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6.,, = 30° — 150°

1. Events with one neutral cluster 2. Subtraction of randoms in tagger

s

10l

w . »r‘w‘wmmuw wmmww
. - <ﬂ m ° ZD At[ns]
Goa—he Ao 500
atins]
3. Subtraction of the empty target 4 Bkg rejection with missing mass cut
wy = 124.1 MeV and 6, = 135° wy = 124.1 MeV and 6, = 135°
e 1} # b —— e can
H
s by
| o )
u»g%w;:mwgﬂi“ﬁﬂw,&h AL } W H
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Experiment Az

Data analysis to select Compton scattering events in w, = 85 — 140 MeV and 6.,, = 30° — 150°

1. Events with one neutral cluster 2. Subtraction of randams in tagger
: ne
) i . ents ¢
" ef\
’ " omD‘OY.\(\emat\c es s
e Ao il evant ¥ of tne
measy! e the
3. Subtraction of the \taﬂeo\f’ -sect ass cut
W = 1261 M 3 At ol cY0°s 5 —135°
= perfo™ oa Off reft \ ety 3
1= —— Empty target ‘T~ \1 as ——— Monte Carlo.
| ‘y ﬂpo\ar ) }

os- '

+ +
sttt

P }
T

L , Ly , L
WO o0 920 a0 %0 9@ 1000
M M)

Aomid il
1

5030 %20 B0 %60 30 1000
Mo, Me]
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Extraction of the beam asymmetry ¥; Az

The beam asymmetry can be extracted by measuring the polarized cross-section with two
orthogonal orientation of the polarization plane:

NH(w,W Oy, ) — NJ_(W’yv 0y, )
PENI(wy, 0y, 0) + PUNL (w5, 01, )

A(p) = X3 cos(2¢) =

wy =129.5 MeV and 6, = 65°

2 5,=-0.56 +0.05
[ X2/ ndf = 0.50
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Results on the beam asymmetry X ;

2, ¢ = 2, ¢ = 2, -
30_2} W, = 86.3 - 98.2 MeV 30_2} W, = 98.1-118.7 MeV 30_2} W, = 118.7 - 140.4 MeV
Of - - - FfEEE s ———— o U . oF
02> 021 -02[
-0.4F -0.4F -0.4F
081 06 -06F
oy -08- -08-
4 - -
0 Eq 100 0 0 Eq 100 0 0 Eq 100 0
81 [°] 81 [°] 81 [°]
A2: Phys. Rev. Lett. 128 (2022) Born contribution BxPT: Eur. Phys. J. C 65, 195 (2010)
Systematic errors HBYPT: Eur. Phys. ). A 49, 12 (2013)
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Extraction of the unpolarized cross-section N

The unpolarized cross-section can be determined by precisely measuring the detection,
reconstruction and tagging efficiencies:

47 gy = M) 11 1
v =
dQ dQ Np €rec(wy, 0y7) Ne-(wy)€tagg (w)
= z
g o g
2 or 092
T :
C o
120;
E 0.8
110
100f
E 0.7
90;
80;‘4‘0‘ e e o oo 08

Sy [1
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Extraction of the unpolarized cross-section Az

The unpolarized cross-section can be determined by precisely measuring the detection,
reconstruction and tagging efficiencies:

9 0,y = Mot 1 !

dQ aQ Np €rec(wy, 0y7) Ne— (w )€tagg (w-)

& [ —

5t

T[T
N

e Olamond - perpendiculr

;. —— Conper-amorphous

Tagging efficiency

@

Collimator

| | | | | | |
o 100 200 300 400 500 600 700

@y M)
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Results on the unpolarized cross-section

w_f w,=86.3-98.2MeV v ,=98.1-108.4 MeV K ,=1085-118.7 MeV
B 25 3 25 o]
St S r =
G 20- ¥ G 20- a 20f
2 = 3% 3 ;
3 15— lr:,z’!f 8 15 3 = n’{ T
£ - 7Y = £ T i
10 Tr!ir'—t - 10 107 -"h{-:._—tff-""(
s s s
= oF 0 oF s
0 50 0 150 0 50 0 50 0 50 0 150
61 [°] 61 [°] 81 [°]

da/dQ [nb/sr]
> P S

=
o

o
o Pt

w,,=118.7 - 130.2 MeV

do/dQ [nb/sr]
8 B

=
133}

a5
rrpr e
:k\‘\i

w,=130.3- 140.4 MeV

Edoardo Mornacchi -

oF T WK W
Il Il Il C Il Il Il
50 1 150 0 50 100 150
o o
B[] 61 []
JGU Mainz - Compton scattering and proton polarizabilities - New high precision measurement

A2: Phys. Rev. Lett. 128 (2022)
A2 systematic errors
TAPS: Eur Phys J A 10, 207 (2001)
TAPS systematic errors
Born contribution

DR: Phys. Rev. C 76, 015203 (2007)
HBxPT: Eur. Phys. J. A 49, 12 (2013)
BxPT: Eur. Phys. J. C 65, 195 (2010)
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Systematic errors Az

Event selection and MC correction | 2%
Target density 1%

UCS | Flux normalization 2%
Background uncorr.
TOTAL 3%
Linear polarization 5%

Y3 | Background uncorr.
TOTAL 5%
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Background contamination

= 140 T
] o 5
2 i
=130 14 g
2 g - Higher for low w, and
n 0
10 forward 0., (~ 17%)
- Lower for high w. and
backward 6. (~ 0.5%)
- Average ~ 2%
40 60 80 100 120 140
ev‘,\ab [O]
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Extracting the scalar polarizabilities Az

- Only new data used as input

- Systematic errors included as normalization factor (S) for each individual dataset
- Baldin sum rule constraint added as an additional point with its error

- Spin polarizabilities fixed to the most recent experimental evaluation

- Scalar polarizabilities always in units of 10~* fm?

N N exp thr 2 2
sets 5.0 — ot (7)) s —1
2 _ )= ij J
P =22 ( A0 ) N < As, >

j i
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Extracting the scalar polarizabilities

E. Mornacchi (A2), Phis. Rev. Lett. 128, 132503 (2022)

HDPV BChPT HBChPT
g 11.23+0.49 10.65 4 0.50 1110+ 0.52
Bwm 2.79+£0.32 3.28+0.33 3.36+0.38
So 1.011 4 0.015 1.013 £0.015 1.043 £ 0.016
Sy 0.994 4+ 0.015 0.996 + 0.015 1.001+ 0.015

x*/DOF | 82.10/93 = 0.89

82.96/93 = 0.89

83.16/93 = 0.89

Edoardo Mornacchi -

JGU Mainz - Compton scattering and proton polarizabilities - New high precision measurement
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Extracting the scalar polarizabilities

E. Mornacchi (A2), Phis. Rev. Lett. 128, 132503 (2022)

HDPV BChPT HBChPT
o 11.23 + 0.49 10.65 & 0.50 1110 £ 0.52
B 2794032 3284033 3.36+0.38
Sy 1.011 %+ 0.015 1.013 £ 0.015 1.043 £ 0.016
sy 0.994+0.015 | 0.99640.015 | 1.001£0.015
’/DOF | 82.10/93 = 0.89 | 82.96/93 = 0.89 | 83.16/93 = 0.89

Edoardo Mornacchi -

Bmi[1074fm3]

JGU Mainz - Compton scattering and proton polarizabilities - New high precision measurement

10

11 12
ag1[1074fm3]

BYPT

I HBYPT
HDPV

[ PDG

;- TAPS

T

13 14

20/25



Extracting

he scalar polarizabilities

E. Mornacchi (A2), Phis. Rev. Lett. 128, 132503 (2022)

HDPV BChPT HBChPT
ag 11.23 + 0.49 10.65 & 0.50 1110 £ 0.52
B 2794032 3284033 3.36+0.38
So 1.011 % 0.015 1,013+ 0.015 1.043 +0.016
sy 0.994+0.015 | 0.99640.015 | 1.001£0.015
’/DOF | 82.10/93 = 0.89 | 82.96/93 = 0.89 | 83.16/93 = 0.89

ap = 10.99 + 0.16 £ 0.47 + 0.17 + 0.34
B =314 +0.214+0.24 4+ 0.20 £ 0.35

Edoardo Mornacchi -

JGU Mainz -

Compton scattering and proton polarizabilities -

Bmi[1074fm3]

BxPT
i HBYPT
HDPV
[ PDG
< .- TAPS
B These results

New high precision measurement

10

11 12 13
ag1[1074fm3]

14
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Extracting the scalar polarizabilities

E. Mornacchi (A2), Phis. Rev. Lett. 128, 132503 (2022)

5
BxPT
HDPV BChPT HBChPT = HBYPT
g N.23%0.49 10.65 % 0.50 10+ 0.52 e
Bmn 2.79+£0.32 3.28+0.33 3.36 £0.38 47 S TAPS
So 1.011 £ 0.015 1.013 £ 0.015 1.043 £0.016 B These results
Sy 0.994 £+ 0.015 0.996 £+ 0.015 1.001+0.015
\*/DOF | 82.10/93 = 0.89 | 82.96/93 = 0.89 | 83.16/93 = 0.89 T 37
5
=)
& 2 T
- Highest precision Compton scattering :
dataset below w-photoproduction el
threshold! 1 '
- Precise extraction of the scalar
0 T T

polarizabilities from one single dataset 9 10 11 12 13 14
ag1[1074fm3]
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Results on spin polarizabilities




A2 measurements - published

2 5y - Martel et al. (A2) Phys. Rev. Lett. 114 (2015)
Wy = 273 — 303 MeV

T
°

0 20 40 60 80 100 120 140 160 180
Compton 6,,, (deg)

Edoardo Mornacchi - JGU Mainz - Compton scattering and proton polarizabilities - Results on spin polarizabilities 21/25



A2 measurements - published

2 5y - Martel et al. (A2) Phys. Rev. Lett. 114 (2015) 2 5y - Paudyal et al. (A2) Phys .Rev. C 102 (2020)
woy = 273 — 303 MeV W~ = 265 — 285 MeV w~, = 285 — 305 MeV

06 uf o

0.4 “i

02 N3

g o 8 u:a: \

0.2 “ n; \ 3 v

0.4 ui /:”//

-

07207740 60 80 100 120 140 160 180 .“u:

Compton 6,,, (deg)
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A2 measurements - published

2 5y - Martel et al. (A2) Phys. Rev. Lett. 114 (2015)
Wy = 273 — 303 MeV

T
°

0 20 40 60 80 100 120 140 160 180
Compton 6,,, (deg)

Extraction of the spin polarizabilities:

LEGS
. ZQX, ZQZ, and 23

* Ve~ = Yerer — Ymiez and
Ym— = ymm — Yeme as fitted parameters

+ g+ Bun, Yo, and v, fixed

Edoardo Mornacchi - JGU Mainz - Compton scattering and proton polarizabilities -

2 5y - Paudyal et al. (A2) Phys .Rev. C 102 (2020)
w-, = 285 — 305 MeV

w., = 265 — 285 MeV

28R E g

<

Yoz, Sz, and EFCS data fits

HDPV BxPT Weighted average
Ye1E1 |—3.18 £ 0.52|—2.65 + 0.43|—2.87 £ 0.52
ymimi| 2.98 £ 0.43] 243 + 0.42| 2.70 £+ 0.43
Yeim2 |[—0.44 £ 0.67|—1.32 £ 0.72|—0.85 £ 0.72
Yvigz | 1.58 £ 0.43| 2.47 £+ 0.42| 2.04 £ 043
X2/dof| 1.14 1.36

Results on spin polarizabilities



A2 measurements - ongoing Az

5 - wy A 270 — 300 MeV:

- Preliminary analysis by C. Collicott - New analysis in ongoing:
(PhD thesis, Dalhousie University (2015)) - high statistics!
- limited statistics - result strongly dependent on 7° MC
- unpublished mainly due to problem in simulation
controlling #° background - low manpower!
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A2 measurements - ongoing Az

5 - wy A 270 — 300 MeV:

- Preliminary analysis by C. Collicott - New analysis in ongoing:
(PhD thesis, Dalhousie University (2015)) - high statistics!
- limited statistics - result strongly dependent on 7° MC
- unpublished mainly due to problem in simulation
controlling #° background - low manpower!

do/dQQ - wy ~ 150 — 300 MeV

- Analysis on same dataset used for low energy data

- data are very well understood

- 7’-bkg not-so relevant up to ~ 220/230 MeV

- even more (not-so-well) understood data on tape
- low manpower!
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Neutron polarizabilities




Neutron polarizabilities

The data are much more scarce compare to proton as there is no free neutron target!
Possible alternatives would be:
- Elastic scattering on deuterium
- energy resolution ~ 2 MeV needed
- impossible at MAMI
- existing results from MAX-Lab
- Elastic scattering on *He
- energy resolution ~ 4 MeV needed
- possible with an active target
- Elastic scattering on “He
- energy resolution ~ 20 MeV needed
- preliminary data on tape
- theory was not available until few
weeks ago
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Neutron polarizabilities Az

The data are much more scarce compare to proton as there is no free neutron target!

Possible alternatives would be:

- Elastic scattering on deuterium
- energy resolution ~ 2 MeV needed
- impossible at MAMI
- existing results from MAX-Lab

- Elastic scattering on *He
- energy resolution ~ 4 MeV needed
- possible with an active target

- Elastic scattering on “He
- energy resolution ~ 20 MeV needed
- preliminary data on tape
- theory was not available until few

weeks ago

Edoardo Mornacchi - JGU Mainz -

Compton scattering and proton polarizabilities -

Simulation: A. Postuma, Mt. Allison Uni

[ Active TPC to fit in the CB:
- Extremely high energy resolution

(~ 100 KeV)

- Good angular and tracking resolution
- Possibility to use with different gas
- Project stopped due to geopolitical

situation

Neutron polarizabilities

23/25



The last two years have been very prolific for proton Compton scattering!
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The last two years have been very prolific for proton Compton scattering!

w, =118.7 - 130.2 MeV

- The highest statistics Compton scattering dataset below threshold was
finally published by the A2 Collaboration
- wy = 85 — 140 MeV with broad angular coverage 6.,, = 30 — 150°
- first precise extraction of ¥3 below the w-thr (36 bins)
- high-precision measurement of do/dQ2 below the 7-thr (60 bins) ; % 1 e
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The last two years have been very prolific for proton Compton scattering!

w, =118.7 - 130.2 MeV

- The highest statistics Compton scattering dataset below threshold was
finally published by the A2 Collaboration
- wy = 85 — 140 MeV with broad angular coverage 6.,, = 30 — 150°
- first precise extraction of ¥3 below the w-thr (36 bins)
- high-precision measurement of do/dQ2 below the 7-thr (60 bins) ; T

do/dQ [nb/sr]

- Extraction of the proton scalar polarizabilities from the new dataset

- comparable errors to the world average from one single consistent dataset
- central values independent from the inclusion of the Baldin sum rule

Bul1074m?]
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The last two years have been very prolific for proton Compton scattering!

- The HIGS Collaboration published a complementary dataset at lower

energy See talks:
. . . C. Howell, Mon, 12:45
- The first concurrent extraction of the six leading-order proton P. Pedroni, Mon, 17:30
polarizabilities has been performed using fixed-t DRs and Bootstrap

fitting technique!
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The last two years have been very prolific for proton Compton scattering!

- The HIGS Collaboration published a complementary dataset at lower

energy See talks:
. . . C. Howell, Mon, 12:45
- The first concurrent extraction of the six leading-order proton P. Pedroni, Mon, 17:30

polarizabilities has been performed using fixed-t DRs and Bootstrap
fitting technique!

What about the future?

- It's time to move on to the neutron polarizabilities

- theory on *He and “He is ready
- active TPC is needed to detect the recoil particles
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The last two years have been very prolific for proton Compton scattering!

- The HIGS Collaboration published a complementary dataset at
energy

See talks:
C. Howell, Mon, 12:45

- The first concurrent extraction of the sj P. Pedroni, Mon, 17:30

polarizabilities has been
fitting technique!

- It's time to move on Utron polarizabilities

- theory on *He and “He is ready
- active TPC is needed to detect the recoil particles
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