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Goals of the workshop

*Review the latest experimental and theoretical developments on:
eL.ow Q nucleon spin structure functions, spin polarizabilities and sum rules
eNucleon form factors and polarizabilities

eThe light atoms’ hyperfine structure at the intersection between nuclear
and atomic physics: High precision atomic measurements = 2-photon

exchange, G and above observables needed for hadronic corrections.
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Goals of the workshop

*Review the latest experimental and theoretical developments on:
eL.ow Q nucleon spin structure functions, spin polarizabilities and sum rules
eNucleon form factors and polarizabilities

eThe light atoms’ hyperfine structure at the intersection between nuclear
and atomic physics: High precision atomic measurements = 2-photon

exchange, G and above observables needed for hadronic corrections.
e[nterpretation of the new data/comparison

eWhat new experiments are needed?

eWhat theoretical advances are need?
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Inclusive polarized lepton scattering

Structure functions:

Cross section=[cross section IX[aF (x,Q)+BF (x,Q)+(yg, (x.Q)+5g (x.Q))]

i) i) i) i)

unpolarized polarized

pointlike object

In Deep Inelastic scattering, interpreted in terms of parton distributions and polarizations.
QZ

Mv

X= ~momentum of the struck quark normalized to nucleon mom. (O<x<1)
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Inclusive polarized lepton scattering

Structure functions:

Cross section=[cross section IX[aF (x,Q)+BF (x,Q)+(yg, (x.Q)+5g (x.Q))]

i) i) i) i)

unpolarized polarized

pointlike object

In Deep Inelastic scattering, interpreted in terms of parton distributions and polarizations.

2
X= (134 ~momentum of the struck quark normalized to nucleon mom. (O<x<1)
V
Lower Q- response of the (excited) nucleon to virtual photon spin (T & L):
o UT,1/2 +UT,3/2 - 871'204 o B 471'204 9 M 1 9
oT = 9 = MK,,Y*FI, UL:UL,1/2 = MI{,Y* —Fl(Q ,V)+7(1+$)F2(Q ,I/)
o —0 A1 4oy Y
gy = M2 ; B2 = _oh = M (91 —7°92),  OLp =0173/2 = P (01(Q% ) + g2(Q%, )]
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Inclusive polarized lepton scattering

Structure functions:

Cross section=[cross section IX[aF (x,Q)+BF (x,Q)+(yg, (x.Q)+5g (x.Q))]

i) i) i) i)

unpolarized polarized

pointlike object

In Deep Inelastic scattering, interpreted in terms of parton distributions and polarizations.

X= (§V~momentum of the struck quark normalized to nucleon mom. (O<x<1)
Lower Q- response of the (excited) nucleon to virtual photon spin (T & L):
op = L2 ; LA/ ;;:f Fy, op=o0p1= ;\l;,zf [—Fl(Q2> V) + %(1 +- %)F2(Q2> V)}
oo =TT /2 ; IT3/2 _ — Oy = ;\l;:f (91 —7%92),  OLp =01r3/0 = ?% 91(Q%v) + 92(Q%, V)]
x=1: Elastic scatterigg - ;i_g I g’ (G%li T;?ﬂ +27,G2, tan?( /2)>

.geffe/?son Lab A.Deur,Trento ECT* 07/06/2018

Friday, July 6, 2018



Inclusive polarized lepton scattering

F1:Ig1dX,Fz:fgde
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Inclusive polarized lepton scattering

r=]gdx, =] gdx

T 2442
GDH sum rule: 12 3/ dv _ -20TT°K
I(G ) N \ anomalous

Vihr
\ Photon energy ~ Magnetic moment

Photo-absorption
Cross sections

Measured/being measured at Q=0 at MAINZ/ELSA, LEGS and HIGS (see M.
Ahmed and P. Martel’s talks). But max. v~3 GeV may not be enough to test sum
rule’s convergence v
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Inclusive polarized lepton scattering

F1=jg1dx Fzzjgde

GDH sum rule: 12 _ ~3/2y dv _ 207K
I (G -G67) N .\ M? \anomalous

Vihr
\ Photon energy ~ Magnetic moment

Photo-absorption
Cross sections

Originally derived for photo-absorption (Q*=0)

2
Later generalized to Q>>0: 16““ f g1 dx= 2(11-[231 N -201</1['£2K2

S
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Inclusive polarized lepton scattering

F1=jg1dx Fzzjgde

GDH sum rule: 12 _ <32y dv _ 220015
I (G -G .\ M? \anomalous

Vihr
\ Photon energy ~ Magnetic moment

Photo-absorption
Cross sections

Originally derived for photo-absorption (Q*=0)

2
Later generalized to Q>>0: 16““ J g1 dx= 2(11-[231 — -2%/1[;21@

Generalized forward spin polarizability:

Longitudinal-Transverse polarizability:

_4e’M° (2
1= g Jx*(g,+g,)dx
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Inclusive polarized lepton scattering

F1=jg1dx Fzzjgde

GDH sum rule: 12 _ <32y dv _ 220015
I (G -G .\ M? \anomalous

Vihr
\ Photon energy ~ Magnetic moment

Photo-absorption
Cross sections

Originally derived for photo-absorption (Q*=0)

2
Later generalized to Q>>0: 16““ J g1 dx= 2(11-[231 — -2%/1[;21@

Generalized forward spin polarizability:

Longitudinal-Transverse polarizability:

1
=4—%2 fxz(gl+g2)dx BC sum rule: I = g g> dx=0

LT
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New sum rules

sum rule for |

2 M2
Z:;MIl(Qz) with Il(Qz) = 2Q2

K2 2 M? .
I1(0) = 75(r3) + —5—Ym182 ' Sum rules relating RCS, VCS, VVCS
33 POMILG) 4 P () L Can be tested by experiment !
2

Both for Q?=0 and Q->0.

(81— 87°°)(v =0,Q%) =

To
/ d.’L'gl(fL',QQ)
0

See M. Vanderhaeghen’s talk

Vo=-VEie-VEime-Ymie2- Y

Components measurable (MAMI, HIGS).
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New sum rules
sum rule for |4

2 M2 [%o
@ with K@) =" [ den@e)

(S1— SP°) (v =0,Q%) =

K2 2 M? .
I1(0) = 75(r3) + —5—Ym182 ' Sum rules relating RCS, VCS, VVCS
33 POMILG) 4 P () L Can be tested by experiment !
2

Both for Q?=0 and Q->0.
See M. Vanderhaeghen’s talk

Yo=-YEiei-YEim2-Ymig2-Ymimi L ome L
g 2_:: — > 3s5)-
Components measurable (MAMI, HIGS) - B T i —+-
YE1M2 YM1E2
j 3“ } 3[:—
See P. Martel’s talk - | .
(see also cool active +TL+ =
target development) L e |
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Connection with atomic physics

Hydrogen HF Splitting

AE = 1420.405 751 766 7(9) MHz
= (1+08)Erp

10-15

6 = (0gED + 0r + Osman) + Q9

Atom = 10-10

The finite size of the nucleus
plays a small but significant

role in atomic energy levels. ¢/ S\.\{ef
gtole™ frot™ b

’q ta“ﬁiar & Sick PLB 579 285(2003)
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Connection with atomic physics

Hydrogen HF Splitting

AE = 1420.405 751 766 7(9) MHz
= (140)Ep

1015

0 = (0geD + Or + Osmail) +®

Atom = 10-10

The finite size of the nucleus
plays a small but significant

role in atomic energy levels. ‘(. S\.\ﬁef

s

g ta“ﬁiar & Sick PLB 579 285(2003)

As =Az +Apor

} Ay = —2am,rz(1 + 6%9)

/
/ _ 4 [2dO[ - (2 Gu(@)
. , rz = —— ) £(Q7)
Elastic Scattering 7 Jo Q 1+« p
A,=-41.0+0.5ppm
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Connection with atomic physics

Hydrogen HF Splitting

AE = 1420.405 751 766 7(9) MHz
= (140)Ep

1015

0 = (5QED + 5R + 5small) +®

Atom = 10-10

The finite size of the nucleus
plays a small but significant

role in atomic energy levels. ‘(. S\.\ﬁef

g ta“ﬁiar & Sick PLB 579 285(2003)

St()‘e“_ﬂ-om Az = —2am,rz(1 + 8%9) Apor, =0.2265 (A -i- Azz)PPm
E Ag = /Az Apor } m=? dg[(cM(Q?:f%(Q%) 5% 5,00
o sm/w o= [ 5] 6@ ‘f‘fﬁz) -1 B@)- [ aetm)ana @)
A,=-41.0+0.5ppm Ay = —24m} [~ dgf B (Q?)
== By(@Q?) = [ dufs(r)gn(2,Q?)

Friday, July 6, 2018



Latest developments on low Q spin structure functions and spin polarizabilities.

Following the “ort puzzle” discovered early 2000s, a low Q experimental

program was run at JLab to provide a test of yEFT. 4 experiments with focus
on:

GDH’s ItT (oTT, Or g1 and g2) on neutron and 3He: J.P. Chen’s talk
«GDH’s I'1 (g1) on proton: M. Ripani’s talk
GDH’s I'1 (g1) on neutron (D): M. Ripani’s talk

*drr (22) on proton: K. Slifer’s talk
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First moments: GDH sum(s)

=
=t = ]
0.08 -\ E97110 Preliminary data == Bemard etal, Xpt ]
- ) s Lensky et al., Xpt .
- A E97110 Preliminary + extr. . ]
- - Jietal, HBXpt
0.06 _—V E94010 data + extr. e GDH sum rule
[0 SIACE43 ]
0.04 _%K EGla data + extr. 3 ]
O EGIb data + extr. .'.t, _:
0.02 |4 HERMES T g ]
of- i E
0.02f 1L #L
0.04 -
-0.06 - .
-0.08 - _:
_0] i 21 L [ A
10 0.4
Q’(GeV’) Q’(GeV’)

0.02 a 50
I .
001 o ]
] N
-0 I
501
-0.01 i
100+
-0.02 i
150
-0.03 A Bemnard et al (Xpt)
- Lensky et al. (2016), Xpt
200 & A )
004 :‘“‘h—"”#’ | — MAID
E—GDH Sum Rule i O E94010 (Resonances)
0.05 -250F T /@ ¥V  E94010 (Resonances+extr.)
[ [\ E97110(Preliminary)
006 gl X A E97110+extr. (Preliminary)
i | % < ‘ W HERMES
0.07 [ P T
350 Al
“_0'08 [ 1 1L i1l L1 | I N B |
107 10" It
Q2 GeV*

Proton data (JLab Halls A & B) on 1" favor
Lensky et al., but data still very preliminary.

~proton+neutron (D)

= Bernard et al.
0.05 u Lensky et al. . A
-~ - Pasechnik etal. 0
. —— GDH slope P 41
- — — - Burkert-loffe %;
1] R A s A SO - - - S g
[ ‘§;§
Ry Data only g g~ %PS:%
~®  Data+ Model
- O JLab (EGI1b)
0.1 5 >
I §LAclElf13l,,l,|\ 1 o
) . :
"’ . QX(GeV)
__~protontneutron (D)
» I
[—
0 B f‘::: .—‘_' -
B S ]«. )
-1 _: -
-2 - i Data—only
E m  Data + Model
N Model
- “ Lensky etal.
—4 :— Bernard et al.
: — — . MAID-2007
s L |
= L - I I I T N B
1072 10-!

1
Q*(GeVy’

.gefgon Lab

A. Deur, Trento ECT* 07/06/2018

Friday, July 6, 2018




First moments: GDH sum(s)
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First moments: GDH sum(s)
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First moments: GDH sum(s)
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First moments: GDH sum(s)
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functions.

Full spin decomposition (spin sum rule) at large Q.
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First moments: GDH sum(s)
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Proton data (JLab Halls A & B) on 1" favor
Lensky et al., but data still very preliminary.

No Lattice result on moments available yet at low and
intermediate Q°. Challenge: need to compute 4-point

functions.
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Full spin decomposition (spin sum rule) at large Q.

Axial charges of the nucleon now successfully obtained. |
Struct. Funct. x-dep: Quasi-PDF: critical development in 1>

Lattice QCD. Not applicable at these Q.
H-W Lin and C. Alexandrou’s talks
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BC sum rule: I'; = J g> dx=0

|

Neutron 0.06 : :
Proton #e  Hemes
0.1
h O E94010 (resonances) /N E97110 (Resonances) A E143+E155 |
_ 0.04 | oe RSS 4
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% SLAC E155x { + \ - - - MAID
n / \ .
- — MAID 2003 (resonances) 002} ) ‘\ Elastic |
0.06 — L2 . | L’ \ ]
i li Ye e a0 o \ *
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i ND |
0.02 <
* -0.02 } .
0
-0.04 | | q
-0.02
_0.06 - s 2 22 MY 2 2
Q'(GeV’) 102 10! 100 10!
Q? (GeV?)
BC sum rule seems valid at low Q2.
Bump for neutron seems to be due to systematics in interpolation
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Latest developments on low Q spin structure functions and spin polarizabilities.

0.08 /.  E97110 Preliminary data = Bemardetal, Xpt
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Reliability of extraction of neutron information from 3He at very low Q.

E. Pace’s talk and discussion. Now using Light-Front form approach.

E. Pace to revisit 20 year old preliminary estimate on extraction uncertainty.
Do the data verify the Schwinger sum rule?
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GDH sum and spin polarizability on *He.
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orr(Q?) puzzle
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orr(Q?) puzzle

Neutron
j preliminary
2.
A 2 or 3 points
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Argument that A does not contribute not exactly true (See V. Pascalutsa’s talk).
If preliminary analyses confirmed, new ot puzzle? Consistency

with 1-p1on production?

Lensky et al. yEFT calculations and constraints on Lamb shift: V. Lensky’s talk.
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orr(Q?) puzzle
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_ Now, yEFT calculations work at at large Q? only !
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Neutron

j Preliminary
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Showing running integrals is useful, see K. Slifer’s talk. TBD for neutron and *He.
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Generalized forward spin polarizability }» on nucleons

Vo Neutron

Lensky et al. yEFT calculations and constraints on Lamb shift: V. Lensky’s talk.
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Generalized forward spin polarizability }» on nucleons

Vo Neutron Proton
2_ ® o CLASEGIb (Published)
f preliminary oo B
1“ | Lensky et al. : sky-etal. ' {" L s el A
0 = 2L \\“ﬁ’iil 0 JLab(EGIb) | 0 o
k S -~ Model
- -3 - il l } i % % i ~ Lenskyetal. A
2‘ _4 __ ° Bernard et al. -
o S -~ - MAID-2007| +
| SE to come A\
-4 - B
5 6 L Bernard et al. 3l “Mary RB Q‘.
_5.: E :
S ] —— ) 00 005 0l 015 0%
0 0.05 0.1 0.15 0.2 025 0.3 - - 2 )
Q? (GeVic) Q2 (GeV)2 Q- (GeV?)
Lensky et al. yEFT describes proton at larger Q2 and Q*=0. Situation
unclear 1in between. Disagreement for neutron and neutron+proton.
Bernard et al. yEFT describes Vi neutron and neutron+proton.
= Need detailed comparison between exp. data sets.
Need EG4 proton data to clarify situation.
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Latest developments on polarizabilities.

Photon point (Q=0). Second order reaction to photon probe (nucleon deformation)
Can be generalized to Q>0.

Calculated in yEFT (V. Lensky’s talk)
New method for data analysis developed (See talk by S. Sconfietti)
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Latest developments on polarizabilities.

Photon point (Q=0). Second order reaction to photon probe (nucleon deformation)
Can be generalized to Q>0.

Calculated in yEFT (V. Lensky’s talk)

New method for data analysis developed (See talk by S. Sconfietti)
Several nice cartoons of what polarizabilities are.

Personal” request: cartoon for generalized polarizabilities.

*So that Jian-Ping doesn’t have to explain me every 2 months what they mean.
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Latest developments on polarizabilities.
New MAMI experiments in Al and A2 (ran already).
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Latest developments on polarizabilities.

New MAMI experiments in A1 and A2 (ran already). Polarizabilities: 2ox results and
20x,22,3 preliminary results (P. Martel’s talk). Ex: 23

@ Linearly polarized photons, unpolarized protons.

X3 = x:: " xi | ./\f\y % .;J\fv

E,=267-287 MeV E,=287-307 MeV
0 0.4E ﬁE;EGS o 04E
AISE — Fit 35568 0.35}-
0.3F , o ThA 0.3F
0.25/ ,.+- — Fit ghAm 0.25-
0.2 & — HDPV 0.2
0.15) — ByPT 0.15-
0.1 _ 0.1
0.05F . 0.05F
0F : 0F
-0.05F + -0.05F

_o—' N EPEPETS BT BPEE BTEPETS BT BPETErS B _04 N BT PP BRSBTS BT BT BEPETE B
10 20 40 60 80 100 120 140 160 180 10 20 40 60 80 100 120 140 160 180
Compton 6, (deg) Compton 6 _, (deg)

V. Lensky and V. Pascalutsa are developing model-indep. PWA approach to
obtain these data.
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Latest developments on polarizabilities.
New MAMI experiments in Al and A2 (ran already). Generalized polarizability ok

_and Pm preliminary results (N. Sparvens) Preliminary A1/1-09 (vesq2)
#\ 6O DR
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" 1In trouble? 2 1 - &
it 3 s S
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| NN T 1 1
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Latest developments on polarizabilities.
New MAMI experiments in Al and A2 (ran already). Generalized polarizability ok

meaz:g Bm preliminary results (N. Sparvens) preliminary AL1-09 (vesq2)
*?é | cjo
R N O | B O (W
8- %} % Q/CDO ’ % B LEX minus sp q.s( DR) B
| P % AQ\ Old Shoulder 4 3 ® @ direc tDR[ § . M3
o I S SN Q~ I\ c_)\) (107'fm°)
] % Q?’ in trouble? 2| 1 T &
TN E 1 S
2 A\ et 0 v?‘ g g
< [ — \ -
0+ QQ\ -2 mq\@ me MAMI-A1 Preliminary
1 NN ] 1 1
00 02 04 06 08 10 0 QX’V 0.5 1 1.5 2
Q’ (GeV?) R Q? (GeV 2)

1 new JLab experiments (to be run in 2019). Will start at Q*~0.3 Ge V2.
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Latest developments on polarizabilities.
New MAMI experiments in Al and A2 (ran already). Generalized polarizability ok

pand BMm preliminary results (N.D S‘P&rvens) preliminary AL1-09 (vesq2)
?‘g 12-% 5 DR
AN B | o\f\ 11
8 - + % %% 2 o W LEX minus 5[;{@5{ DR) B
. J}] AQ\ Old Shoulder 4 ® ® (direct DR '(v‘ % M3
6 - g 1 - Q\ . 4 cj\_) (10 fm )
I, % $y~ in trouble? 2| {2 (i &
4 ok i A T eess
N N
SN\ S 0 N\a b
o- QQS/ MJ """ -2 mu\@\ me MAMI-A1 Preliminary
1 PR | 1
OTO ' 0?2 ' 0?4 ' 016 ' 078 ' 1?0 o Q\Y/v 0'5 1 1 '5 2
Q 2 2
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1 new JLab experiments (to be run in 2019). Will start at Q*~0.3 Ge V2.

“Old” MAMI data re-analyzed using same analysis method as more recent data.
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Latest developments on polarizabilities.
RCS experiments at HIGS (M. Ahmed’s talk). Proton and light nuclei.

Proton Compton Scattering at 85 MeV with Circular & Linear Polarization

5 E . HKS
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Latest developments on polarizabilities.
RCS experiments at HIGS (M. Ahmed’s talk). Proton and light nuclei.

Proton Compton Scattering at 85 MeV with Circular & Linear Polarization
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0.8 Mainz®

0.7
/ 300 hours of data
0.1

0.6
O P

0.5
0.4

b 20 40 60 80 100 120 140 160 1?3 |
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Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.

Not subject of this workshop but:
Proton radius puzzle remains mysterious, with apparently contradictory measurements

.geff.e?son Lab A.Deur,Trento ECT* 07/06/2018

Friday, July 6, 2018



Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.
M. Distler: FF, (TPE), proton E, M, Zemach radu from A1l.

Consistency check with more recent FF data and direct TPE meas.
from other labs.
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Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.

M. Distler: FF, (TPE), proton E, M, Zemach radu from A1l.
Consistency check with more recent FF data and direct TPE meas.
from other labs.
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0.99 -

0.98 |

o nonn./ o-dipole

097 |

0.96

095F, . N
0.00 0.02 0.04 0.06 0.08

four—momentum transfer squared Q2 / (GeV/c)?

.geft;gon Lab A. Deur, Trento ECT* 07/06/2018

Friday, July 6, 2018



Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.
M. Distler: FF, (TPE), proton E, M, Zemach radu from A1l.

Consistency check with more recent FF data and direct TPE meas.
from other labs.

J. Bernauer: Overview of low Q? FF (Gn) program.
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Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.
M. Distler: FF, (TPE), proton E, M, Zemach radu from A1l.
Consistency check with more recent FF data and direct TPE meas.

from other labs.

J. Bernauer: Overview of low Q? FF (Gn) program.

ew approach to compute FF:
Dispersively improved yEFT.
See M. Alarcon’s talk
Very recent predictions on proton and
neutron FF (Q? > 2 GeV? w/ yEFT):
Proton radius ~0.85 fm
(Same as eyeballed from PRAD
results presented by A. Gasparian)
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Latest developments on nucleon form factors.
Hot topic: Proton radius crisis, Zemach radius, TPE...

ew approach to
Dispersively imp

A. Gasparian’s talk. Proton radius from PRAD 1n a few weeks.
M. Distler: FF, (TPE), proton E, M, Zemach radu from A1l.
Consistency check with more recent FF data and direct TPE meas.

from other labs.

J. Bernauer: Overview of low Q? FF (Gn) program.

compute FF:
roved yEFT.

See M. Alarcon’s talk

Very recent predictions on proton and
neutron FF (Q? > 2 GeV? w/ yEFT):

Proton radius ~O.

fm

(Same as eyeballed Yrom PRAD

results presented

by A. Gasparian)

Jealous ®
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Intersection of atomic and nuclear physics: proton radius and HFS
C. Carlson’s overview

Potential for physics beyond the standard model (e.g. lepton universality violation).

3 new experiments to run to measure HEFS of pu-hydrogen at ppm level:
C. Carlson’s review current precision on ingredients of HFS

*Riken-CAP (S. Kanda’s talk): Asymmetry measurement in u decay.
2ppm goal (Zemach radius at 0.03%). Very different
o . ~|technics.
*CREMA at PSI (A. Antognint’s talk): Counting exp. Zemach radius |Different

at better than 0.02%. systematics.

*FAMU at Riken-Ral (A. Vacchr’s talk). 10 ppm goal (Zemach radius
at 0.15%)
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Intersection of atomic and nuclear physics: proton radius and HFS
C. Carlson’s overview

Potential for physics beyond the standard model (e.g. lepton universality violation).

3 new experiments to run to measure HEFS of pu-hydrogen at ppm level:
C. Carlson’s review current precision on ingredients of HFS

*Riken-CAP (S. Kanda’s talk): Asymmetry measurement in u decay.
2ppm goal (Zemach radius at 0.03%). Very different
o . ~|technics.
*CREMA at PSI (A. Antognint’s talk): Counting exp. Zemach radius |Different

at better than 0.02%. systematics.

*FAMU at Riken-Ral (A. Vacchr’s talk). 10 ppm goal (Zemach radius
at 0.15%)

TPE dominant uncertainty on HFS calculations. Two calculations approaches:

ovEFT
X (F. Haegelstein and A. Pineda’s talks) .
some tensions

eDispertion relations+struct. func. data (A. Antognini’s talk)

g> data scarce. More g1 data also welcome. 1/Q*? weighted, respc.
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ot (g2) on proton: K. Slifer’s talk
g, contribution to the Hyperfine Splitting

Zth
4Q? Bi@) = [ deta(r)ga(e, Q)
— —24m / Q Bg(Qz) 0
Bo(T) =1+ 21 — 2¢/7(T + 1)
« How do new models compare ! | T —
. . . . St --- HB e o -
with previous publications? 0 e
;s LA
Term | Q? (GeV?) | MAID | Hall B | HB 2007 £ 1| %—;;'/’
Ay (0,0.05) -0.87 | —0.80 —0.23 s} .- RRTT\D
(0.0520) | —1.26 | —1.16 | —033 |’ we\'\ﬁ\\“
(20,00) 000 000| , 000 | | v |
Total A, —2.13  —1.96 | / —0.56 TR i0°
@ Q2 (GeV?)
Phys.Rev.A.78.02251]
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Conclusions: wish list to find the line

QED

check QED contributions in H to
improve the TPE(H)

higher-order QED corrections in pp
Summary of all contributions would
be very helpful (at 1 ppm level).

Is the meson exchange already included in
the TPE computed with dispersion relations?

Polarisability contribution
Zemach radius

re-evaluate the pol contribution

improve determination of given the new g1 and g= data
Zemach radius, mainly through improve chPT prediction also in
magnetic FF view of interpretation of HFS
StUdy correlations R; vs Rp measurement
\'¢ subtraction term really absent?
. 3 (al
pind >
A A“{O%
1\ A TPE contribution with an

LY
Sto\e“ accuracy of 25 ppm of HFS
is needed to find the line
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q% and v.
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q% and v.

e[ attice availability. Low Q?: How to compute 4-point correlation functions?
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q? and v.

e[ attice availability. Low Q?: How to compute 4-point correlation functions?

*Proton:
eFull parameterization of g1 and g>. Build on Sebastian Kuhn’s Model, MAID,
with additional constraints (1-pion production).

eNeutron:
eParameterization of g1 and go.
o3He next-to ideal neutron target, but no neutron information on g; and g» from
it (outside of pQCD).
eExtraction of I'1 > from *He at very low Q-.
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q? and v.

e[ attice availability. Low Q?: How to compute 4-point correlation functions?

*Proton:
eFull parameterization of g1 and g>. Build on Sebastian Kuhn’s Model, MAID,
with additional constraints (1-pion production).

eNeutron:
eParameterization of g1 and go.
o3He next-to ideal neutron target, but no neutron information on g; and g» from
it (outside of pQCD).
eExtraction of I'1 > from *He at very low Q-.

eBehavior of g1 (and g») at large v (convergence of GDH SR). Q?=0 in HD. Q*>0
in Hall A (SoliD, 3He) and B (CLAS12: p,D)
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with additional constraints (1-pion production).
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eParameterization of g1 and go.
o3He next-to ideal neutron target, but no neutron information on g; and g» from
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eExtraction of I'1 > from *He at very low Q-.

eBehavior of g1 (and g») at large v (convergence of GDH SR). Q?=0 in HD. Q*>0
in Hall A (SoliD, 3He) and B (CLAS12: p,D)

eConstraints from hyperfine splitting on g; and g».
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q? and v.

e[ attice availability. Low Q?: How to compute 4-point correlation functions?

*Proton:
eFull parameterization of g1 and g>. Build on Sebastian Kuhn’s Model, MAID,
with additional constraints (1-pion production).

eNeutron:
eParameterization of g1 and go.
o3He next-to ideal neutron target, but no neutron information on g; and g» from
it (outside of pQCD).
eExtraction of I'1 > from *He at very low Q-.

eBehavior of g1 (and g») at large v (convergence of GDH SR). Q?=0 in HD. Q*>0
in Hall A (SoliD, 3He) and B (CLAS12: p,D)

eConstraints from hyperfine splitting on g; and g».
e Which observables at what precision needed from nuclear exps for HFS.
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Open 1ssues for theory and experiments.

ovEFT consistencies (Mainz/Bonn, proton/neutron). Direct comparison with
SSF at low Q? and v.

e[ attice availability. Low Q?: How to compute 4-point correlation functions?

*Proton:
eFull parameterization of g1 and g>. Build on Sebastian Kuhn’s Model, MAID,
with additional constraints (1-pion production).

eNeutron:
eParameterization of g1 and go.
o3He next-to ideal neutron target, but no neutron information on g; and g» from
it (outside of pQCD).
eExtraction of I'1 > from *He at very low Q-.

eBehavior of g1 (and g») at large v (convergence of GDH SR). Q?=0 in HD. Q*>0
in Hall A (SoliD, 3He) and B (CLAS12: p,D)

eConstraints from hyperfine splitting on g; and g».
e Which observables at what precision needed from nuclear exps for HFS.

*Low-Q atomic/nuclear collaboration to provides state-of-art on observables and
description consistency of theories. (“Low-Q data group”). 1-page summaries,
white paper, new workshop (when?).
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