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Electron accelerator MAMI C

A2 Collaboration at MAMI

Meson photoproduction with MAMI C
Experiments with polarized targets
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MAINZER MIKROTRON

MAMI C

available since 2006

RTM2

L=

180 -1604 MeV electron beam
OE ~ 100 keV

- e e

RTM3

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

75 - 82% polarization




A2 Collaboration at MAMI

s Experiments with real photon beam:
- meson photoproduction on nucleons and nuclei;
- Compton scattering on nucleons.

@ International collaboration: ~90 participants, 20 institutes from
9 countries: Canada, Croatia, Germany, Israel, Italy, Russia,
Switzerland, United Kingdom, USA.

@ Russia: INR Moscow, JINR Dubna, LPI Moscow, PNPI Gatchina,
TPl Tomsk.

@ Main experimental set up: Crystal BALL/TAPS.



Experimental apparatus: photon beam

Primary Beam

Tagging
Spectrometer

Focal Plane Detector

Collimator

AT \N\NLS LT N

Target

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 5Smm plastic scintilator
in front of each module (VETO)

Crystal Ball (UCLA, JWU, Mainz)

672 Nal(Tl) crystals
15.7 radiation lengths




Experimental apparatus: detector system

MWPC (Pavia)

2 cylindrical chambers

Vertex reconstruction:

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

H‘”Hu




Experimental apparatus: detector system

AE (PID) vs Euster (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



Mainz/Dubna Dilution refrigerator

Mixing \EZZ? <
chamber(25mK)

still (0.7K)

—>»

Evaporator (1.5Kelvin)

Separator (4.2Kelvin)




Meson photoproduction with MAMI C

MAMI
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» For measurement of polarization observables all combination
of beam-target, beam-recoil, and target-recoil are possible



Meson photoproduction with MAMI C:
experiments with polarized target

YP-T°D
YP-T' N
yn-mn°n
YP-NPp
yn-»nn
YP-TT®p
YP-T’Np

Nk WLWN &=

Red — already published

Main goal - 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.



Single meson photoproduction

@ 16 observables for pseudoscalar meson photoproduction

@ for complete experiment need 8 of them

Beam Target Recoil Target 4+ Recoil
— — - - v’ i’ 2! v/ T’ 2! 2
— T Y z - — - 1 2 ) z
unpolarized oo 0 @ 0 0 P 0 T —L, T. L.
linear pol. H (=P -G) 0y (=T7) 0, |(=Ls) (Ty) (=Ly) (=Ty)
(D«

circular pol.

0

S —

S —

S —

(O already done at MAMI C for Tt° photoproduction on proton

The entries in parentheses signify

that the same polarization

observables also appear elsewhere in the table



Experimental apparatus: Recoil polarimetry

Recoil proton polarimeter (Edinburg)

Method:

detection of proton scattered
in the graphite analyzer and
comparison its angle with
kinematic reconstruction.




-m Barker, Donnachie, Storrow, 1975

e polarized photons and polarized target

do
BT q = 00{1—P7@0082<p
+P, (—PrHsin2p + P, F)

+F, @— Py@cos 2)

+P, (PrGsin2p — Py E)}

e polarized photons and recoil polarization

do

+Pm/ (—PTOw/ sin 2(,0 — P@Cx/)

+P, @— Py@cos 2¢)

+P, (—PTOZI sin QQD — P@Cz’)}

e polarized target and recoil polarization

d
TR d—g :00{1+P@+Py@+Pm’(Pa:Tm’_Psz’>

+PyPy)S+ P (P,To + P.L.)}



Double meson photoproduction

@ 64 observables for two pseudoscalar meson photoproduction;

» 28 relations from consideration of the absolute magnitudes of the
helicity or transversity amplitudes;

@ 21 relations from consideration of their phases;
@ 15 independent quantities;
@ need 8 helicity or transversity amplitudes;

@ 8 observables to obtain the absolute magnitudes of the amplitudes
plus 7 for independent phase differences;

s each observable depends on 5 kinematic variable !

W. Roberts and T. Oed, PRC 71, 055201 (2005)



Nucleon and A resonances spectrum from PDG-2016
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Nucleon and A resonances spectrum from lattice theory
predictions
Eawards et al. PRD 84 (2011)

New missing resonances problem!
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Particle J¥

overall

N

PDG 2016 N* resonance table

Nm Nn No Nw AK YK Np An

N 1/27
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where we do not find
evidence for y,n
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W [GeV] T 1.2 1-4w1te.G 1; 2 22 24
e

@ 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)

S31(1620)

S11(1650)

D15(1675)

F15(1680)

D33(1700)

P13(1720)

F35(1905)

P31(1910)

F37(1950)



G [ub]

L L
® A2MAMI-17 (mp)

® CBELSA/TAPS-09 (mp) 7]
CLAS-09 (mp)

G [ub]

————

1.6 1.8 2 2.2 2.4 2.6
W [GeV]
S11 — black solid;
P11 —red solid; P13 —red dashed
D13 — green solid; D15 — green dashed
F15 — blue solid; F17 — blue dashed

G17 — magenta solid; G19 — magenta dashed

L I B L L L L
® A2MAMI-17 (Mp) ]

® CBELSA/TAPS-09 (1p)
CLAS-09 (np)

7

~~ — = = =

Background - cyan



nop Partial contributions to the total cross sections

1

® A2MAMI-17 (1p)

® CBELSA/TAPS-09 (n'p)

® CLAS-09 ('p)
CBELSA/TAPS-11 (p)

S11 — black solid; Background - cyan
P11 —red solid; P13 —red dashed

D13 — green solid; D15 — green dashed

F15 — blue solid; F17 — blue dashed

G17 — magenta solid; G19 — magenta dashed



yp-np Data: A2MAMI, PRL 113 (2014)
1th publication from A2 with FST !

27° 64° 90° 116° 153°

1500 1600 1700 1800 1500 1600 1700 1800 1

1500 1600 1700 1800 1500 1600 1700 1800 1500 1600 1700 1800 1500 1600 1700 1800 1500 1600 1700 1800
W [MeV]

dashed green line: MAID 2003 Isobar Model

solid green line:MAID 2003 Reggezed Isobar Model
solid blue line: SAID GEO09; dashed: SAID E429;
solid reded line: BG2011-02; dashed: BG20010-02



yp-np

A.V. Anisovich, E. Klempt, V. Nikonov, A. Sarantsev, U. Thoma, arXiv:1402.7164v1
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FIG. 1. (Color online) Left: The total cross section for
yn — nn (multiplied by 3/2), vp — np, and their ratio (as
inset). The solid curves represent our fit folded with the ex-
perimental resolution (thick nn, thin np), the dashed curves
the contributions from the S;; waves. Right: Selected differ-
ential cross section for yn — mn in the region of the narrow

actrmirtiira



yp-np

A.V.Anisovich et al., PLB 719, 89, 2013 Data: A2MAMI, PRL 113 (2014)

Coupled channel isobar model th . N . I
Fit to the total and differential cross sections 1 p UbllCClthH f rom A2 Wlth FST!

Predictions for T and F asymmetries
Solid curves: wp channel included to S11 partial wave
Dashed: P11(1719)+ solution
Dashed-dotted: P11(1694)- solution

Dotted: P13(1696) solution
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Yypb-nNp Polarization observables

04

0.2
{0
+0.2;
0.5
0
0.5/

Data: A2MAMI-14 (T and F), CLAS-15 (E);
Lines: red — EtaMAID-2018 (preliminary)



Y. foryp — np

Selected fit results

0.5 W=1975 MeV

-1 0 1-

0
cos@n

Red lines - full solution, black - refit without IV (2120)3 /27, blue - refit without N (2060)5 /27 .

Partial contributions of resonances:

1

W=2080 MeV

W=2080 MeV

-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1

cos@n

- N(2120)3/ 2"
- N(2060)5/ 2"

- N(2120)3/2°
and N(2060) 5/ 2

Data: CLAS-17 (red).

Hadron 2017

N(2120)3/2~ and N(2060)5/2~ interference
explains the shape of the angular distributions. Both
resonances have an overall status of ** in PDG-2017.
Status for /V: 0 and *, respectively.

Should be updated!

Excluding N (2000)5/27 or N(1990)7/2T from
the fit practically does not affect the quality of >. de-

scription.

26



‘ Polarisabilities \

- Polarisabilities are fundamental structure constants of the nucleon
- Scalar polarisabilities (o, f) describe spin responseto static EM field

- Scalar polarisabilities measured in real Compton Scattering for the proton
[M.Schumacher, Prog.Part. and Nucl.Phys.55, 567 (2005).] :

do do® & (0, Ja+P > a-P 2
d—Q(o),e)_d—Q (co,e)—Am_M(wj (0o )[7(1+cose) +— (1—0039)}

alp, = [12.21 £=0.3(stat.) = 0.4(syst.) & 0.3 (med.)] ¥ 1{7}_41}”??2.?
Bhry = [1.6 +0.4{stat.) + 0.4(syst.) +0.4(mod.)| x 10~= fm

Real compton scattering with polarized beam and polarized target
L B,Y1,Y2Y35Va &= | Dispersion relation, y PT, lattice QCD..?




Spin Polarizabilities

-Spin Vector polarizabilities describe spin response to an incident photon

- Four vector pol. (Yeieq Yt Yewe Yvie:) @0pear at 3 order in eff. Hamiltonian

NN
- Only two linear combinations of vector polarizabilities measured:

Yo = —YE1E1 — YM1M1 — YEiM2 —YMmigE2 = —1.01 = 0.08 £ 0.10 X 1()4,}“1}?"‘

) 1 o= = -
HS%’SP'" =7 471@/51&5 EXE +ypmumiS - B x B =2y e EijoiH; + ZVE1M2HiJGJEJj

2 ( —4p
Yo = —VE1EL + YM1M1 — YE1M2 + Ymipz = 8.0 £ 1.8 X 1077 fm

The Forward S.P. y, was determined in GDH-Experiment at ELSA and MAMI
(DAPHNE) :

_301,/2 () deo

— ]? 63/2(50)
7/0 - 2 O
A;r = o

The Backward S.P. y, was determined from dispersive analysis of backward angle
Compton scattering. [B. Pasquini et al., Proton Spin Polarizabilities from Polarized
Compton Scattering (2007).]



New Developement:

Active Polarized Target

T Siit for cooling and NMR Coil ..
CH,
n
Spacers / PMMA Wavelength-shifting head

9x 0.5mm thickness 0 e26mm/ie20mm /L 20mm

n
Polarizable scintillator Inner vacuum window Light guide tube / PMMA
10x @20mm / 1mm thickness PMMA 1mm thickness 0 e26mm/ie20mm/L 1.5m

Doping: 1.5-10-%cm-2



Summary

@ A2 Collaboration performs a broad program of the polarization
experiments since 2010;

@ 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 will continue in 2017/18 in Bonn together with
CBELSAITAPS Collaboration.



A2 publications with JINR (N. Borisov, A. Lazarev, A. Neganov, Yu. A. Usov)

1. Measurement of the Transverse Target and Beam-Target Asymmetriesin  Meson Photoproduction at MAMI,
PRL 113 (2014) 102001.
2. First measurement of target and beam-target asymmetries in the ¥ p = pi0 eta p reaction,
PRC 91 (2015) 055208.
3. Measurements of Double-Polarized Compton Scattering Asymmetries
and Extraction of the Proton Spin Polarizabilities,
PRL 114 (2015) 112501.
4. Measurement of pi0 photoproduction on the proton at MAMI C,
PRC 92 (2015) 024617.
5. Threshold 0 photoproduction on transverse polarised protons at MAMI,
PLB 750 (2015) 252.
6. T and F asymmetries in piO photoproduction on the proton
PRC 93 (2016) 055209.
7. Photon asymmetry measurements of Yp — piO p for Eg=320-650 MeV,
EPJA 52 (2016) 333.
8. Insight into the Narrow Structure in n Photoproduction on the Neutron from Helicity-Dependent Cross Sections,
PRL 117 (2016) 132502.
9. 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 n0 — 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 0 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.
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Y Pp—-T1DPD T and F asymmetries, selected energy bins

440+15 MeV 620+15 MeV 800+15 MeV 950+15 MeV 1400+15 MeV

0 50 100 150 O 50 100 150 O 50 100 150 O 50 100 150 O 50 100 150

0 50 100 150 O 50 100 150 O 50 100 150 O 50 100 150 O 50 100 150

©; (deg)
black circles: A2ZMAMI data, PRC 93 (2016) green line: MAID 2007
magenta triangles: world data (before 2000) blue line: SAID CM12

red line: BG2011-02
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