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Nucleon spin structure at low Q : dawn of hadron physics

Otto Stern’s measurement of the
g-factor of the proton (1932-33):

Sproton = 5.586

Deviation from point particle value (g=2)
indicates that proton has internal structure

Nobel Prize Physics (1943):

“for his contribution to the development of
the molecular ray method and his discovery
of the magnetic moment of the proton”



https://en.wikipedia.org/wiki/Magnetic_moment
https://en.wikipedia.org/wiki/Proton

Nucleon spin structure at large Q : Quark-gluon structure

. ,y Deep-inelastic scattering

q
Q2 >> 1 GeV2
p Ek
Q2

/4 N\ AtﬁXEdZEB —

long distance

2p-q

2
X
WW:Z{( v )Fl(:cB Q)+Lq(p - )( J%Q”) z(xzay@z)}
dO- =5 L/JJVW'UJV 2M l/ozﬁ
+p—q et {SB g1(xB, Q [SB - —P6] 92(zp, Q )}

F1, F2, 81, 82: nucleon structure functions



Nucleon structure from
Compton processes
d sum rules

& JOPConcise Physics | AMorgan & Claypool Publication

Causality Rules

Alight treatise on dispersion
relations and sum rules

Viadimir Pascalutsa




Nucleon structure at low Q with real photons: RCS

v v

b < v, e 9 5 5 Nucleon static
HE = —4r [Sap B+ 1 B H? FEEr
S—: b0 — 412 polarizabilities

N N

Proton Neutron
6 8 T T T T
[ Lensky et al. (2009)
[ McGovern et al, (2013)
[ Pasquini et al. (2019)
[ Olmos et al. (2001)
> = et 6
4 —
[sp]
— E 4l
£ 5
3
= T 2}
2 A (5}
.| New data 0
A2@MAMI ,
0 : : : : : - 1 1 1 1
8 9 10 11 12 13 14 5 6 8 10 12 14 16
ag1[1074fm?3] O-E1(n) [10-4 fm3]
oe =(11.2£0.4) x 104 fm3 o =(11.8+1.1) x 104 fm3
PDG ’14 values
Bw=(2.5%+0.4)x104 fm3 Bvm=(3.7+1.2) x 104 fm3

New A2@MAMI increase world data set by factor 5  Plan: reduction of error by factor of 2

New HIGS data with linear photon pol. at variance => precision comparable with proton

See talks: Mornacchi, Howell, Pedroni (exp);

McGovern (EFT), Lee (lattice); Larin, Danilkin (pion pol.) > impact light muonic atom program 5



Proton spin polarizabilities

- effective Hamiltonian (3rd order):

He(?f) = —471 [%WEl_Elo'- (E X E)+ %/YMlMlo" (H X H)

—ymie2 Bij oiHj + e Hij o B

‘ polarized Compton scattering

measure angular dependence of asymmetries

Nucleon spin polarizabilities

— & =é

— ar

Martel et al. (2015); Paudyal et al. (2020) — .
A2@MAMI
data 41\‘/—\_/-\../(\5\),\/ 48\_/\/\.'/\;\)/\,
EXP. (AZ@MAMI) DRs HBChPT BChPT L,
YE1E1 —2.87 +0.52 —4.5 —1.1+18 | —-3.3+08 | —3.7
YM1M1 2.70+0.43 3.0 22 +0.7 294+ 1.5 2.5
YE1M?2 —0.85 £0.72 —0.08 | —044+04 0.24+0.2 1.2
YM1E2 2.04 +=0.43 2.3 1.94+04 1.14+0.3 1.2

) theory predictions (units 104 x fm¢4): dispersion theory

HBChPT
BChPT

Chiral Lagrangian

Drechsel ,Pasquini,Vdh (2000)
Pasquini,Vdh: ARNPS 68 (2018)

McGovern,Phillips,Griesshammer (2013)

Lensky, McGovern,Pascalutsa (2015)

Gasparyan,Lutz,Pasquini (2011)



Nucleon structure at low Q with virtual photons:
Generalized Polarizabilities in VCS

electric (E1) GP

— NRQCM
— - LSM

— - ELM

- — BChPT
- - DR

— Experimental fit
® This work

 —
- —,

o
e q qQ ->0 0

Q= -¢° [
N N TN
L sh

BATES, MAMI, [

JLab data ol

’

see talk: Sparveris 0

energy shift: §F = s ﬁo

induced polarization
dQ(jL —i

/ @2r)2
Q11 (bQ) A(Q?)

- /OO éf) l

combination of nucleon
generalized polarizabilities

irbf%ﬂﬁ)

B,y (10 i)

magnetic (M1) GP
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- ‘—0.5| - IO.OI —
b, (fm)

Gorchtein,Lorcé,Pasquini,Vdh (2009) ;
Pasquini,Vdh (2018)



Nucleon structure with real photons: sum rules

- forward real Compton scattering

T, =0)="-&f(v)+id-(g* x&)g(v)
7 Y
b - v, e FTTTTTgTTTIY pmmmmesmessssssssssessoseees
f) =t —— Wilapt Bu) 2+ OWH
p, o =+1/2 D, o' =+1/2 low-energy dmM v
. 2,2 1o
€K 1o
N N expansion | /) _ iy o P + 005
b=k p = p/ 87 M b
o AR it A el ¥ 2y A e i ek bk 2rr o 2 (N | =smmsssssssssssscccccsssssssaal
B terminv: GDH sum rule LEF polarizabilities
2 2 o0 o A =+1 s = +1/2 03/2 A L =N
e“mTK :/ 1/ 03/2 01/2 f\:;\/\/\,»? 0'—0-3/2_0_1/2 ”}/p—}X
2M2 Vo v/ —
= —1/2 01/2
600 T T | T | T T
Gerasimov (1966) ; Drell, Hearn(1966) 500 F p . S
N il — — Maid Iz ‘
IhsSR: 204 pb  rhsSR: (211#15)pb ¢/ w00 | SEREE I I
But: region v > 2.9 GeV not measured so far (- 7%) N O Elsadon E
B term inv3: forward spin polarizability sum rule B :
70 = —YE1E1 — VYE1IM2 — TYM1E2 — TM1M1
Yo = _% g, 23/2 7301/ 2 700 400 600 800 1000 1200 1400 1600 1800
iy Vo v v (MeV)

proton:

Yo = —(1.01 £ 0.08 £ 0.10) x 10~* fm*

Drechsel,Tiator (2004)



Nucleon spin structure with virtual photons: VVCS

mm) forward, virtual Compton scattering » i ypas 5
Tspln:MG g qa8551(V,Q )
2 vuaf 2
o € dalp-asp =5 app) S2(v,Q7)
2 M el ¢
: : m $1(v, Q%) = == —g(2, Q%) Im S(v, Q%) = 2 —rga(z, Q)

B moments of spin structure functions (x: inelastic threshold) P StrUCtUre functions

Lo Q2 (_’{_2> 2 GDH |
Fl(QQ):/O drg(x0?) | 2 ar\ 1) 970 sum rule
\

['1(Q%)|scating, Q° — oo | parton helicity structure (DIS)
in DIS:

C SLAC E143 — . n E:N | 0175 o cpmn CoMPASS (2015 LT Pasechnik et al.
I 1 P %1F  m CLASEGIa I 1 p [T e QJW i | “
r ® CLASEGIb 0.08 - oans | * SE;;ZZZ:WES }b ) Burkert-Ioffe ‘ 1 S
0.14 I Soffer-Teryaev (2004) ) i . | Ny {0 JLabss Hi] ; ; _gA ST S R —|_
C Burkert-Ioffe . ] | ! I — \_\;.- 6 T
0.12 :— HERMES | H‘ +1 A
o1t % o stope _ Bjorken sum rule
C B d ;
oosf- s Do, - : +
p—— Ji et al, X - 3
0.06 L tetai, Apt 0.04 | W JLab EG4/E97110 see ta I k .
r L 0 JLab EGIb
L JLab E94010/EGla
004 \ O JLab EGla LFH, Chen
i 0.02 SLAC E143
002 C con et al., XEFT
Chen 0 - Deur et al . L ‘.. - Bernard et al., XEFT
[ 2022 0 —
(2010) | 002} ‘ ( ) » s —
7 1

10~ 10 S, 1 -
. 0’(GeV’) 10 0’(GeV?) 9



Nucleon spin polarizabilities with virtual photons: VVCS

- higher moments of spin structure functions: spin polarizabilities

4M2 2 To 4M2
70(Q%) = WQ; /0 dx x° {91(33,622)— E 93292(511,622)} bl O )

see talks: Deur, Peng, Ripani,

4e2M? [*o Ruth, Slifer
(@)= g | dva? {01(0.Q%) + 02(2.Q")
Q) 0
p
,. Yo JLab/CLAS data dr, 7"  ILab/Hall A data
— zzz= Bernard et al.
==== Alarcon et al. - " 92p Data
2.0 + Hall B Model
- MAID Model|
—— Alarcon et al.
— Bernard et al.

e This work (full integral)
© This work (measured range only)

6,,{107* fm*)

v Fersch et al. (full integral)
m Ahrens et al. (real photon)

-35
E Nl T
0G0 o 016 02 10
Q*(GeV?)
Zheng et al. (2021) Ruth et al. (2022)

‘ provide strong test for theory: chiral EFT calculations / lattice QCD  see talk: Pascalutsa
10
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Sum rules at low Q relating RCS, VCS, and VVCS (l)

Can we formulate sum rules relating observables to observables for
virtual photons as is the case for real photons (GDH, FSP) ?

low-energy expansion for virtual photons

62

- K24+ Myov? + My Q* + O(Q*, v, Q%)
8T M

(81— ST7) (1, Q%) =

2 2

_ 247(;]\42 2 (r%) b Vg — SMZ_W[P/(MLMl)l(O) . P/(Ll,Ll)l(O)}

YL

pMLMDY g2y p(LLLUL(2)  Generalized Polarizabilities
-> measured in Virtual Compton Scattering
sum rule for |1

2 / 2M2 To
(81 — SP°) (v =0,Q%) = 2§M11(Q2) with L(Q?) = 0 /O dz g1(z, Q%)
, K2 o 27 M?
[0) = 15(r2) + —5—Vp1me Sum rules relating RCS, VCS, VVCS
_3M? [prMLMDI () | prELLDI ()] Can be tested by experiment !

2

Pascalutsa, Vdh (2015)

11



Sum rules at low Q relating RCS, VCS, and VVCS (ll)

1@ =28 [ v s10(@) = 280 (Mol + 02, )
I1(0) = ’;—;<T§> + 27;];42 YE1M2 orr(0) = —vE1E1
_STW [P/(Ml,Ml)l(O) X P/(Ll,Ll)l(O)} —I—SM% [P’(Ml,Ml)l(O) _ P’(Ll,Ll)l(O)}
Pascalutsa,Vdh (2015) ; Lensky,Pascalutsa,Vdh(2017)
o

-1} Sum rule
|

' Paudyal etal |

d _
dqz (P(Ml,Ml)l_ P(Ll,Ll)l)q=0 (GeV 5)

dcéz (P(Ml, M1)1, p(L1,L1) 1)

02-0 (GeV™)

measurement of Pt7 in VCS

Further sum rules: see talks: Pascalutsa, Biloshytskyi (separation in ¢) at low Q2 can verify !
12



Proton size
and
electromagnetic structure

13



Proton radius from Hydrogen spectroscopy

- Electron

Muonic

Hydrogen

Muon

Proton

el E0

206 meV
50 THz
6 Um

'pH Lamb

225 meV

Shift 55 THz
5.5 um
fin. size: Pohl et al.
37 me}' 1 (2010)

F=

AE,. = 206.0336 (15) - 5.2275(10) R:2 + AE,,. meV

Antognini et al. (2013)

3.70 meV

l l O(a®) correction

0.033 (2) meV 14



Proton charge radius: from puzzle to precision

2016
B\ / 1// ha 22 . { CODATA-2014
1P 2013 o
*— e-p scatt.
pp 2010 e
e H spectroscopy
S R X SO ¥ S | T S (i S 1 B X
Elye New Aork Eimes Proton charge radius R _ [fm]
m) Hatom Lamb shift: mm) electron scattering analysis:

L atom Lamb shift:
u D, u3He*, u4He* performed

- radius extraction fits

- radiative corrections,
2y-exchange correction scrutinized, two-photon exchange corrections

still limiting uncertainty to date

B electronic H spectroscopy: B electron scattering experiments:
- new measurements, new Ggp expts. down to Q2= 2 x 104 GeV?
new Lamb shift experiment! - MAMI/A1: Initial State Radiation (pilot expt.)
see talks: Bernauer, Higinbotham - PRad@JLab: HyCal, magnetic spectrometer-free exp.

15



Proton charge radius: present experimental status

Hydrogen 2S-4P

Hydrogen 2S-2P

Hydrogen 1S-3S
Hydrogen 2S5-8D

2021

Pohl 2010 (uH spect.)

Antognini 2013 (uH spect.)

Beyer 2017 (H spect.)

PRad exp. (ep scatt.)

Bezginov 2019 (H spect.)

Grinin 2020 (H Spect.)
Brandt 2021|(H spect.)

I

—e—

I..II

CODATA-2014 (H spect.)

Fleurbaey 2018 (H spect.)

from recent compilation

0.78 0.8 0.82

0.84 0.86 0.88

\<e2) [fm]

0.9 092

Rev. Mod. Phys. 94 (2022) 015002

H.Gao, M.Vdh

- 3 out of 6 new results are fully consistent with muonic hydrogen result
- inconsistency between Fleurbaey et al. (Paris) and Grinin et al. (Garching) results for 1S-3S H :

Grinin et al.: factor 2 more precise, ~2c smaller than Fleurbaey et al., ~2¢ larger than uH result

Hydrogen 1S-3S

- Brandt et al. (Colorado) result is ~3¢ larger than CODATA 2018 / muonic atom spect.



Muonic atom spectroscopy needs nucleon/nuclear input

25-2P
Lamb Shift:
THEORY EXPERIMENT
AFErpg *+ 0theo (AETPE) Ref. Sexp(ALS) Ref.

pH 33 peV £ 2 pueV Antognini et al. (2013) | 2.3 ueV ~ Antognini et al. (2013)

uD 1710 peV + 15 peV Krauth et al. (2015) 3.4 peV Pohl et al. (2016)
i He™ 15.30 meV =4 0.52 meV Franke et al. (2017) 0.05 meV
pHe™ 9.34 meV + 0.25 meV Diepold et al. (2018) | 0.05 meV  Krauth et al. (2020)

—0.15 meV £ 0.15 meV (3PE) Pachucki et al. (2018)

present accuracy comparable with experimental precision

MH:

Future: factor 5 improvement planned @PSI

uD, u3Het, W4Het: | | present accuracy factor 5-10 worse than experimental precision



Two-photon exchange: hadronic corrections

nv _ uv quV 2
T (p7Q) - —g" + q2 Tl(va )

1 p-q vy Pq 2
+ W(“—q—QQM)( —q—CI>T2(VaQ)

> Two-photon exchange (TPE): lower blob contains both elastic (nucleon) and inelastic states
> Lamb shift: described by unpolarized amplitudes T1, T, : functions of energy v and Q2
> Hyperfine splitting: described by polarized amplitudes S1, S»

> |maginary parts: directly proportional to nucleon structure functions F1, F, resp. g1, g

> Real parts: obtained as dispersion integral over the imaginary parts
modulo a subtraction function in case of T1

AE A ¢! iy Elastic state: involves nucleon form factors

bt A o
AET » Subtraction: involves nucleon polarizabilities

_|_

AEinel ; : P
T e Inelastic state: involves nucleon structure functions

Hadron/Nuclear physics input needed !

18



Two-Photon Exchange (TPE) in Lamb shift

wave function at

the orlgln
— 2% Ty (v, Q%) — (Q* + 1) T (v, Q%)
AFE(nS) = 87mzmqb / / OO — mZ?)
327 Z%aMy? (! xF,(x, 0%
dispersion relation T)(v, 0% = T1(0,0%) + 0* L dx 1 _ xz(;/y )2 — Q0+

& optical theorem

167Z°aM Jl q Fy(x, 0%)
X
Q2 o 1 —=x?(Wlygy)? —i0t

T2(V7 Q2) —

low-energy expansion: Caution:
I 5 5 in the dispersive approach
Qlérilo T1(0,Q7)/Q" = 4mfSan the T1(0,Q2) subtraction function
is model-dependent!

19



3rd Zemach moment

(Jentschura '11) =
(Borie '12) ——
Disp. Rel.

(Pachucki '99) ——
(Birse-McGovern '12) ——

Finite-Energy SR
(Gorchtein et al. '13)

TPE elastic correction: Boundstate QFD :
HByPT LO

(Nevado-Pineda '08)

HByPT NLO
(Peset-Pineda '14)

Disp. Rel.

(Pachucki '99) —
(Martynenko '06) —_
(Carlson-Vanderhaeghen '11) ——

s o Disp. Rel. + HByPT
(Birse-McGovern '12)

TPE polarizability

(Gorchtein et al. '13)

[ ]
Co r re Ctl 0 n : I(-|NB(3$/F;L(I;€)Pineda '08)
HByYPT NLO
(Peset-Pineda '14)

ByPT LO
Hagelstein, Miskimen, (Alarcon et al. '14)

Pascalutsa (2016) 35 30 -25 -20 -15 -10 -5

AESS [ueV]

recent review: Antognini,Hagelstein,Pascalutsa Ann.Rev.Nucl.Part.Sci. 72 (2022) 389

see talk: Hagelstein, Feng, and session on Saturday



Improved determination of subtraction function (Lamb shift)

Future plan @PSI:
factor 5 improvement
on LS for muonic H !

Antognini, Pohl

To improve on uncertainty due to subtraction function: 3 avenues

> Full NLO calculation in Baryon ChPT

T™B0,Q)/Q* (10* fm?)

Subtraction function: Q2 dependence

.
e TP
_——
‘-'s.

e

M XY N

HBChPT
----- BChPT
- — = BChPT with A FF
empirical result
*  Pwmi,PDG 2016

* o,

— . amm
-‘-_-—._
° oo

§~~
—
—
—
_—
o

Lensky,Hagelstein,Pascalutsa,Vdh (2018)

Pascalutsa et al.

> New prospect for lattice determination of subtraction function Hagelstein, Pascalutsa(2020)

> Empirical determination of Q4 term using dilepton production process

Pauk, Carlson, Vdh (2020)
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Two-Photon Exchange (TPE) in Hyperfine Splitting

A am A A with v = /1 4+ V7, v = \/1+ Yr, 7 = Q@ /am? and 7 = Q°/am?
p01_27r(1—|—/<;)M[ 1+ A
*©dQ [ 5+ 4y, 5 o 32M* /5’?0 , )
A =2 41 + F. — d :
=2 [ G (S @) + B@)- T [ arsa @)
{ 1 [ =t al))
X 4 + +
(v +V1+ 227 D1+ V1I+ 227 1) (1 + v) 1++vV1+z2771 v +1
©dQ [ 1 1
A:96M2/ — dx g2 (x, 2{ — }
2 . Q3 . 92( Q) ’Ul—|—\/].—|—x27'_1 ,Ul_|_1
oo 2M2% [ )
Il(@ ): Q2 dilfgl($,Q )
0
No subtraction function ! HOH— DO HOT— DO 1
LPONQ%) = Iy PNQ) = = FE Q)

No subtraction hypothesis underlies the validity of Gerasimov-Drell-Hearn sum rule
For proton: integrand tested up to photon energies 2.9 GeV (MAMI/ELSA)
=> will be extended up to 12 GeV at JLab (E12-20-011)

* proton-polarizability effect on the HFS is completely
constrained by empirical information
* a ChPT calculation puts the reliability of dispersive calculations to the test, or vice versa



Hyperfine Splitting in muonic Hydrogen

Muon
©
Measurements of the pH ground-state HFS planned by
CREMA, FAMU, J-PARC collaborations precision goal: 1ppm !
1%, (F=1)
Currently: disagreement between data-driven evaluations '
and chiral perturbation theory AERFS
118, (F=0)

N B B B B B B B B F : total angular momentum

Dispersion relation
Tomalak 2019 = b = i —

Carlson et al. 2008 -
Faustov et al. 2006 | ; o | —

Calls for re-evaluation of

ByPTLO
Hagelstein & Pascalutsa 2016 |- . 7] empil"ical parametrizations
00 0 100 200 300 400 500 600 of nucleon structure
Apol (uH) (ppm) :
functions

Antognini, Hagelstein, Pascalutsa (2022)

see talks: Carlson, Hagelstein (theory) and Ruth (exp)
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Spatial distribution of
quarks in nucleons

by [fm]

L5
1
0.5
| ©
-0.5
-1
-1.5

-1.5-1-0.50 05 1 15 b Lfm

by, [fm]

15
1
0.5
0
-0.5
-1
-1.5
by [fm]

-1.5-1-050 05 1 1.5 *
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Radii of charge distribution for nucleons

m) Radius of 2-dim transverse distribution of quarks of flavor q in proton:

-

\.

(b%)

B [sospin symmetry:

Cui et al. (2021)

Antognini et al.

(2013)

4
~ [d*bDb? pi(b) = F9(0) with:  F/9(0) = dF} ’
[@opi) ~ O L e
.
(= 4 | =)
2 ) 2\d
Fro=e.Fy e, bl (B IEaslbiiee il ()
— d 0 2 2
Eiy = euly cegh, RIS §<b2>d = §<b2>“ — _4AF! (0)
& J
m) Charge radii for proton and neutron:
e om0 e )
(fm?) (fm?) (fm?)
Igi)l‘)cg)n\ 0.717 £ 0.014 0.598 +0.014 0.399 £+ 0.009 H.Gao, M.Vdh
—0.1189 (2021)
proton 0.7071 £ 0.0007 0.5882 + 0.0007 0.3921 4 0.0005
(1H) see talks: Atac
N -> A FFs:
neutron | —0.1161 % 0.0022 0.1266 0.0105 + 0.0022 |  0.0070 + 0.0015 Papanicolas,
\(PDG) / L J Paolone
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Proton gluonic radius

How you see the world
depends on how you

26



Nucleon Energy-Momentum Tensor (EMT)
m (P|T"|P) = 2P"P”

2M* = (P \ 2 GeGoP | Py + (P| N my(l+ Y, )@i1|P)
g l=u,d,s
In chiral limit all of hadron mass Quark contributions to hadron
is due to the trace anomaly mass: sigma-terms
Gluonic contribution ~10% (u, d, s) Lattice QCD

m Matrix element of full nucleon EMT: parametrised by 3 form factors (FFs)

ik )
q 1Y q — q v V) Qa
e 9 Pl e §> = u(P + 5){ (QQ) pv) + B(Q2> Plig”) oM Pagels
2 . 1 (1966)
B 2 2 N e S\
@ (g ey )M}U( 2)
\ & J

A -> momentum distribution
A + B -> angular momentum distribution

C -> pressure distribution -



do/dt (nb/GeV?)

Threshold J/y photo-production

JLab/Ha"Cdata Duran, Meziani, Joosten, et al. (2022)

100 E,=(9.1, 9.25) "*-._‘_‘EV=(9.25,9.4) " 3
N St Analyzed in 2 model approaches + lattice QCD:
_ . m Holographic QCD model (M-Z) Mamo, zahed (2021)
H-R-Y (b=0) N
. m GPD model (G-J-L) Guo, Ji, Liu (2021)
100 ‘x__z..vEy=(9.4, 9.55) \ --._EV=(9'55' 9.7)
- g * - L attice QCD Pefkou, Hackett, Shanahan (2022)
1072
o J/V — 007 using M-Z approach
10734 ~— Jw-007 using G-J-L approach
100 \“:\,_FIEY=(9.7,9.85) ;,_I‘EV=(9.85, 10.0) oa Lattice
\\\* N
1071 ' 0.3
107 Ag % 0.2
1073
100 o E,=(10.0,10.15) 3 £,=(10.15,10.3) 0.1
*“4__

107 X 10-3
1072
1073
100 ‘-»\v\b‘EV=(10.3, 10.45) o3 Ev=(1045,10.6) — <

D S T 4 Cg ® o see talks:
o Meziani,
10-2 o0 Alharazin
10734

ItT (Gev2) N |t| (Gev2) . . ' kZI(Ge\'/Z) - . ' -
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Correlations in transverse position/longitudinal momentum

elastic
scattering

quark
distributions in
transverse
position space

proton
3D imaging

Burkardt (2000, 2003)

Belitsky, Ji, Yuan
(2004)

DIS

quark
distributions in
longitudinal
momentum

6z, ‘.[Y

v Q.
b\

see talks: Alexandrou,
Constantinou, Orginos
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Near future perspectives at low Q

hadronic corrections to Lamb shift in muonic atoms: shift from puzzle to precision !
- MHLS: CREMA coll. : factor 5 improvement planned
- MH 1S HFS: next frontier 1ppm precision !

muon scattering plans:

- MUSE@PSI see talks: Gilman, Lin, Patel
- AMBER@COMPASS++

electron/positron scattering plans:

- PRad-ll@JLab see talk: Higinbotham

- ULQ2@Tohoku  see talk: Suda

- MAGIX@MESA see talk: Bernauer

- JLab, et @JLab  see talks: Jones, Voutier

Close synergy experiment <-> theory to move field forward
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