22 November 2024, JINR Laboratory of Nuclear Problems, Dubna, Russia
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Outline

P hysical program and selected results

- light quark baryon spectroscopy

- complete experiment

- search for exotic resonance states

- Gerasimov-Drell-Hem (GDH) sumrule
- polarisabiliies of nucleons and mesons

E xperimental facilities
P ublications

Future plans : MeSa P2 Collabortion



Light quark baryon spectroscopy

Theoretical Predictions

Quark Model Lattice QCD Calculations  Dyson=Schwinger/Bethe=Salpeter approach
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Discrepancies between measurement and calculations:
“missing resonances and level ordering



Light quark baryon spectroscopy

Meson photoproduction with MAMI C

MAMI
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@ Only the P,,(1232), D,,(1520), F.(1680), and perhaps the F.,(1950)

are directly visible;

@ the P,,(1440), S,,(1535), and many other resonances can

only be analyzed in a Partial Wave Analysis.

Bonn-2005: O. Bartholomy et al., PRL 94 (2005) 0122003
Mainz-2013: P. Adlarson et al., PRC 92(2015) 024617

P33(1232)

P11(1440)

D13(1520)

S11(1535)

S$31(1620)

S11(1650)

D15(1675)

F15(1680)

D33(1700)

P13(1720)

F35(1905)

P31(1910)

F37(1950)



Light quark baryon spectroscopy

Models:

MAID (Mainz) photo- and electroproduction for individual channels
BnGa (Bonn) multichannel, photoproduction

SAID (Washington - ] lab) multichannel, photoproduction

Bnju (J uelich) photoproduction of K mesons

MTZ (Mainz-Tuzla-Zagreb Collaboration) Complete experiment



Light quark baryon spectroscopy

The first MAID program appeared in 1998:

o

N

1. D. Drechsel, O. Hanstein, S. S. Kamaloy, L. Tiator
Unitary isobar model for pion photoproduction and electroproduction on the proton up
to 1-GeV, Nucl. Phys. A 645 (1999) 145.

Soon afterwards the Dubna-Mainz-Taipei (DMT) dynamical model
was developed:

2.S.S. Kamalov, Shin Nan Yang,
Pion cloud and the Q**2 dependence of gamma* N <-->Delta transition form-factors,
Phys. Rev. Lett. 83 (1999) 4494.

3.S.S. Kamalov, S. N. Yang, D. Drechsel, O. Hanstein, L. Tiator,
Gamma* N ---> Delta transition form-factors: A New analysis of the ] Lab data ...
Phys. Rev. C 64 (2001) 032201.



Light quark baryon spectroscopy

https://maid.kph.uni-mainz.de
MAID

Photo- and Electroproduction of Pions, Eta, Etaprime and Kaons on the Nucleon

Institut fiir Kemphysik, Universitat Mainz

Mainz, Germany

MAIDZUD? unitary isobar model for (e,e'm)
DMT2001 dynamical model for (e ')
KAON-MAID isobar model for (e,e'K)

EtaMAID2000 isobar model for (e e'n)
ETA-MAID EtaMAID2018 isobar model for and (yn)
Chil'al MAID chiral perturbation theory approach for (e,e'n)
2-PION-M AID 1sobar model for (y.nrm)

archive MAID2000 DMT2001original EtaMAID2003 ETAprime2003




Light quark baryon spectroscopy

Eta

Institut fiir Kernphysik, Univers

An Isobar Model for Eta and Etaprime Photoproduction on the Nucleon

Victor Kashevarov and Lothar Tiator

Reference:

L. Tiator, M. Gorchtein, V.1, Kashevarov, K, Nikonov, M, Ostrick (Mainz),
M. Hadzimehmedovic, R. Omerovic, H, Osmanovic, J. Stahov (Tuzla),
and A, Svarc (Zagreb).arXiv.1807.04525,

Eur. Phys. J. A {2018) 54: 210

Electromagnetic Multipoles (E;., M,,)

CGLN and Helicity Amplitudes (F,,...,F,;, Hy,...,H,)

Observables (with beam, target and recoil polarization)

Total Cross Sections




Light quark baryon spectroscopy

Selected results: E asymmetry (A2 Mainz - 2022)

E asymmetry
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Red lines: PionMAID2021 green: MAID2007



PDG summary table
for nucleon resonaces

Black — status for
2010

Red - 2023

Light quark baryon spectroscopy
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Complete experiment

Conception of the complete experiment in two body scattering of particles

with spin was introduced by
L. D. Puzikov, R. M. Ryndin, and Ya. A. Smorodinsky in 1957.

Observables expressed in CGLN amplitudes

gy = Re FfFi+ BF,+ sif0 (BF32 + RFy2 + BFs + FFy
+ cos &F,) -2 cos §R} p

T =sin@m FjF3-FjF,+ cos 04Fi— FSF3) - siRO BF, p

F = sin ORe {F'F3— FSF4— cos 6 (fFs— F{Fa)} p

where T = T ge-tc.andp = g/k



Complete experiment

Data base for yp —n’p

The biggest data set exist for this reaction:
200 publications with experimental results for 10 observables.
For do/dQ in resonance region used only latest data from A2MAMI and CLAS Collaborations
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A2MAMI (red), CB/ELSA (magenta), CLAS (blue), GRAAL (green).

Black points correspond to the old data (before 2000). i3
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MTZ Collaboration
H. Osmanovi¢, M. Hadzimehmedovi¢, R. Omerovi¢, J. Stahov,
V. Kashevarov, M. Ostrck, L. Tiator, Phys.Rev.C 104 (2021)
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Search for exotic states

Pentaquarks Narrow structure at W =1670 wit width 30 MeV
was firstly interpreted as pentaquark
yN— nN
: ® A2MAMI-17 (np) EtaMAID2018 explains narrow bump

® A2MAMI-14 (nn) in (n n) and dip in (n p) channels
without pentaquark:

the first is a result of interference
of a few resonances, and the second
is a threshold effect due to opening
KX decay channel of

N(1650)1/2- resonance.

G [ub]

Data: A2MAMI-17
V.L.Kashevarov et al, PRL, 118, 212001 (2017)

15 1.6 47 78 1.9
W [GeV]

Lines: EtaMAID-2018, full solution for yp (red) and yn (black) channels.

U-I...I..




Search for exotic states

Pentaquarks

1.51.551.61.651.71.751.81.85 1.51.651.61.651.71.751.81.85

W [GeV]

Second narrow resonance iny n—n n?

1. Narrow structure at W=1680 appears only
in 61, and is thus related to S;; and/or Py

(in good agreement with our solution)

2. The second narrow structure at W=1726 MeV
(second vertical line) is discused in
V. Kuznetsov et al, JETP Lett. 105 (2017) 625.
One of explanation is ®wn production cusp.

Data: A2MAMI-17
L. Witthauer et al, Phys. Rev. C95 (2017) 055201

Red lines: EtaMAID2018, full solution



Search for exotic states

Dibaryons

d — p+tpX1 and pd — p + dX
pd = p7pAl ahdpd = p M deuteron = 1875.6 MeV

=t - g M dibaryon = 1904, 1926, 1942 MeV
- g 4 M dibaryon - M deuteron = 28.4, 50.4, 66.4 MeV
i red lines exactly correspond to these values!
80 ﬂ; O
10 % Y d —»=n° D*
o : — — — %'?‘5...
. 1900 1920 1940 M;i{iﬂ (Mevfcz)
240 . g B;_
200 = : ) ?;—
160 s ! 6;_
120 - s 2 o 5;_ B e e s e S
. E/ % 42_ ...................................................................................
) % 35_ ................
° ﬁgéol B Iscltor - rgflsol - Isa;or a ;0|06 . ;olzol - 2;- """""""""
Mx, (MeV/c?) 1 ;_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L.V. Fil'kov, V.L. Kashevarov, E.S. Konobeevski, :

M.V. Mordovskoy, S.I. Potashev et al. | 0 50 100 150 200
Phys.Rev.C 61 (2000) 044004.

Eur.Phys.J.A 12 (2001) 369-374 M dibaryon - M deuteron (MeV)
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MAINZER MIKROTRON

MAMI C

available since 2006

RTM3

180 -1604 MeV electron beam
oE ~ 100 keV

current up to 100 pA (unpol.)
30 pA (pol.)

75 - 82% polarization




Experimental apparatus: photon beam

f Primary Beam

|
| |
& |

;,‘EE Focal Plane | f
:#55‘5 & \l .'II |II |II .
t { | | Togemg
| [=t= Spectrometer

Foecal Plane Detector

MAMI-C Beam

E=1557 MeV " Collimator

AV WAV AV WV WAV AV -

S Target

Radiator

Tagged photon beam

- unpolarized
- circular polarization
- linear polarization

The Glasgow photon
tagging spectrometer

352 channels
2 — 5 MeV energy resolution



Experimental apparatus: detector system

41 photon spectrometer (97% of 411)
Detection of neutrons and charged particles is also possible
at restricted energy regions

Crystal Ball:

20° —160° (94%)
and

TAPS : 1°— 20° (3%)




Experimental apparatus: detector system

TAPS (Giessen, Basel)

366 BaF, crystals
12 radiation lengths

and Smm plastic scintilator
in front of each module (VETO)

VAVAY 4
AVAY >
WAVAVAYS

A 4 / 672 Nal(Tl) crystals
¢ 15.7 radiation lengths

Crystal Ball (UCLA, JWU, Mainz)



Experimental apparatus: detector system

MWPC (Pavia)
2 cylindrical chambers

Vertex reconstruction:

-target position correction (z),
-beam position control (x,y),
-improve angular resolution.




Experimental apparatus: detector system

AE (PID) vs Epyster (CB), MeV

PID (Edinburg)
barrel of 24 2-mm-thick plastic scintilator
strips;

VETO detector for photons in CB;
AE for charged particle identification in CB.




Experimental apparatus: target

Frozen Spin Target

(Mainz, Dubna)
available since 05.2010

Butanol or D-Butanol;
3He/4He dilution refrigerator;

Superconducting holding
magnet;

Longitudinal or transverse
polarizations are possible;

Maximal polarization
for protons ~90%,
for deuterons ~75%;

Relaxation time ~2000 hours



A2 publications with JINR

(N. Borisov, A. Lazarev, A. Neganov, Yu. A. Usov. I. Gorodnov, A.Dolzhikov)

l.

2.

3.

8.

9.

Measurement of the Transverse Target and Beam-Target Asymmetriesin 1 Meson Photoproduction at MAMI,
PRL 113 (2014) 102001.

First measurement of target and beam-target asymmetries in the ¥ p = pi0 eta p reaction,

PRC 91 (2015) 055208.

Measurements of Double-Polarized Compton Scattering Asymmetries

and Extraction of the Proton Spin Polarizabilities,

PRL 114 (2015) 112501.

. Measurement of pi0 photoproduction on the proton at MAMI C,

PRC 92 (2015) 024617.

. Threshold 0 photoproduction on transverse polarised protons at MAMI,

PLB 750 (2015) 252.

. T and F asymmetries in pi0 photoproduction on the proton

PRC 93 (2016) 055209.

. Photon asymmetry measurements of ¥p — pi0 p for Eg=320-650 MeV,

EPJA 52 (2016) 333.
Insight into the Narrow Structure in 1} Photoproduction on the Neutron from Helicity-Dependent Cross Sections,

PRL 117 (2016) 132502.
Measurement of the omega—e+e- and eta—e+e-g Dalitz decays with the A2 setup at MAMI,

PRC 95 (2017) 035208.

10. Measurement of the n10—e+e—y Dalitz decay at the Mainz Microtron,

PRC 95 (2017) 025202.

11. First measurement of the polarization observable E and helicity-dependent

cross sections in single w0 photoproduction from quasi-free nucleons,
PLB 770 (2017) 523.

12. Helicity-dependent cross sections and double-polarization observable

E in n photoproduction from quasifree protons and neutrons,
PRC 95 (2017) 055201.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

A2 publications with JINR  (continue)

Determination of the scalar polarizabilities of the proton using beam asym-metry E, in Compton scattering.

Eur. Phys. J. A53 No. 2 (2017) 14.
Study of n and n’ photoproduction at MAMI.
Phys. Rev. Lett. 118 Iss. 21, 212001 (2017).
High-statistics measurement of the n—3n0 decay at the Mainz Microtron.
Phys. Rev. C 97 No. 6, 065203 (2018).
Measurement of the decay eta’ -> piO pi0O eta at MAMI.
Phys. Rev. D 98 (2018) 012001.
Photoproduction of pi0 Mesons off Protons and Neutrons in the Second and Third Nucleon Resonance Region.
Phys. Rev. C 97 (2018) 065205.
First measurement of helicity-dependent cross sections in m%n photo-production from quasi-free nucleons.
Phys. Lett. B 786 (2018) 305.
Experimental study of the yp—KO0X+, yn—KOA, and yn—KO0ZO0 reactions at the Mainz Microtron.
Eur .Phys. J. A 55 (2019) 11, 202.
Deuteron photodisintegration by polarized photons in the region of the d*(2380).
Phys. Lett. B 789 (2019) 7.
Cross section for yn — n0n at the Mainz A2 experiment.
Phys. Rev. C 100 (2019) 6, 065205.
Measurement of the beam-helicity asymmetry in photoproduction of nOn pairs on carbon, aluminum, and lead.
Phys. Lett. B 802 (2020) 135243.
Signatures of the d*(2380) Hexaquark in d(y,pn).
Phys. Rev. Lett. 124 (2020) 13, 132001.
Extracting the spin polarizabilities of the proton by measurement of Compton double-polarization observables.
Phys. Rev. C 102 (2020) 3, 035205.
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26. M. Dieterle at.al., Helicity-Dependent Cross Sections for the Photoproduction of 0 Pairs from Nucleons.
Phys. Rev. Lett. 125 (2020) 6, 062001.

27. Single 10 production off neutrons bound in deuteron with linearly polarized photons.
Eur. Phys. J. A 57 (2021) 6, 205.

28. Measuegnetic Polarizabilities of the Proton.
Phys. Rev. Lett. 128 (2022) 13, 132503.

29. First Measurement Using Elliptically Polarized Photons of the Double-Polarization
Observable E for yp—pm0 and yp—ntm+
Phys.Rev.Lett. 132 (2024) 12, 121902

CBELSA|TAPS publication with JINR
N. Borisov, A. Lazarev, A. Neganov, Yu. A. Usov.
I. Gorodnov, A.Dolzhikov, A. Fedorov
N. Jermann et al. Measurement of polarization observables T, P, and H in

pi0 and n photoproduction off quasi-free nucleons.
Eur.Phys.J.A 59 (2023) 10, 232
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A2 Collaboration at MAMI
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C.S. Akondi,7 J.R.M.,Annand,2 H.J. Arends.4 M. Bashkanov,6 R. Beck,1 M. Biroth,4 N.
Borisov,8 A. Braghieri,9 W.J. Briscoe,10 F.Cividini,4 C. Collicott,11 S. Costanza,12, 9 A.
Denig,4 M. Dieterle,3 E.J. Downie,10 P. Drexler,4, 13 S. Fegan,6 S. Gardner,2 D. Ghosal,3
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Future plans: MESA

New accelerator in Mainz:
MESA (Mainz Energy-recovering Superconducting Accelerator)
Energy of electronos — 155 MeV

Extremly high intensity — 150 uA

P2 — high precission measurement of the weak mixing angle.
By measuring the parity violating asymmetry in elastic e
electron-proton scattering

Cosine of this angle — ratio of masses of W and Z bosons
Standard Model does not predict this value,
But predictions of Standard Model depend on it !.

The polarization of the electron beam in this case must be determined with
an uncertainty of 0.5% by Moeller polarimeter, the most important element
of which is a 3He/4He Dilution cryostat. DLNP JINR.

I. Gorodnov, A. Dolzhikov.

Dilution Refrigerator for Hydro-Mgller Polarimeter (@ MESA P2 Experiment
Phys.Part.Nucl.Lett. 20 (2023) 5, 1183.



Future plans: MESA

MESA-Experimente




Summary

@ A2 Collaboration performs a broad program of the polarization
experiments since 2010. Additional runs are needed to increase
statistics.

@ Experiments are carried out with high intensity unpolarized,
linearly or circularly polarized photons and transversely or
longitudinally polarized nucleons.

@ Scientific program includes the study of the spectrum and
properties of baryon resonances and the internal structure
of the nucleons.

@ Measurements was continued in 2017 in Bonn together with
CBELSA/TAPS Collaboration.

» The most measurements requare Dubna cryostat for polarized
targets.

@ Future plan: new cryostat for P2 experiment at MESA.



A2 Collaboration at MAMI

' - - :

eeting, Dubna, Russia, September 2014 =
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Cryostat of the Frozen spin target




Frozen spin polarized target (Dubna, Moscow, Mainz)

Mixing chamber(28mRk)
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In process

Physikalisches Institut
Universitit Bonn

Bonn, Germany

Contract 200/1548

Institut fur Kernphisik
Johannes Gutenberg
University

Mainz, Germany

A2 collaboration on MAMI
2007-2018

P2 experiment at MESA (a

new linear Mainz Energy-

Recovery Superconducting
Accelerator)

- ”l) Hydro-Méller Polarimeter

https://www.mesa.uni-mainz.de

JINR Preprints 13-10253, 10-10257, Dubna 1976
Prib Techn. Exp. 2 (1978) 32

MUAD /PINP

| Gatchina, Russia l

2435 km
NIM A 372 (1996) 349
S,
Q
/
Charles University ~ A<splfitlc?
Prague, Czech Republic :
L
NIM A 345, (1994) 421-428 YO

‘ Protvino, Russia I
JINR Preprint 1-80-93, Dubna 1980 |




B 3ToM cMbICIE XapaKTEpHBI BbICKa3bIBAHUS N3BECTHBIX
TEOPETUKOB, HAIIPUMED aHIJIMYaHuHa Jinora Jinaepa: « CnuH
B OKCIIEPUMEHTaX YOHJI OOJBIIE TEOPUM, YEM JTFOO0U JPYyTrou
dusnueckui mapamerpy» (Elliot Leader. Spin in Particle Physics,
Cambridge U. Press (2001)) nnu amepukanua /[xerimca
brépkena: «llomspuzanmoHHbIE TaHHBIE YACTO OBUIX KJ1aJI0HUIIEM
MOJIHBIX Teopuii. Eciu Obl TEOpeTUKHU OBLIIM B CHJIaX, B LIEISIX
CaMO3aIlMThl UM CTOMJIO OBl BOOOIIIE 3alPETUTh TAKUE
m3Mmepenus» (J.D.Bjorken. Proc. Adv. Workshop on QCD
Hadronic Processes, St. Croix, Virgin Islands, 1987). Ceroans
HET TEOPHUH, MPETECHAYIOIIEH HA IMOJTHOE OMMCAHUE BCEX
HaOJIFO1a€MBbIX ITOJISIPU3ALMOHHBIX A(P(OEKTOB B aAPOHHOM
CEKTOope.
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