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The Mainz Microtron MAMI

RTM2

L

MAMI C
Beam energy max. 1600 MeV

CW beam 100 pA unpolarised
40 pA at 80 % polarisation
Excellent beam quality
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AT: Electron scattering
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Three-spectrometer setup of the A1 collaboration

2

Spectrometer A:

o > 20°
p < 735MeV/c
AQ = 28 msr
Ap/p = 20%

Spectrometer B:

o > 8°
p < 870MeV/c
AQ = 5.6 msr
Ap/p = 15%

Spectrometer C:

o > 55°
P < 655MeV/c
AQ = 28 msr
Ap/p =25%
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Nucleon form factors

Elastic electron scattering: Cross section and form factors

Cross section:

do (d0> eG%(QZ) +1G%(Q?)
Mott

do  \dQ e(1+1)
with:
2 0 —1
T= Q , e=(14+2(1+1)tan® =
4m2 2

Fourier transform of Gg, Gy — spatial distribution (Breit frame)

Electric and magnetic radius:

<T > —6F12 d(GM/H)

(12y — —gn2 96t ‘
Q2=0 dQ Q2=0

dQ?
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Proton form factors: Motivation

Form factors from elastic ep scattering

Two classes of experimental methods:

» Unpolarised scattering: “Rosenbluth separation”
Separated G¢(Q?) and Gy (Q?),
but contribution from two photon exchange (TPE)

> Polarised scattering:

> polarised electrons scattered from polarised targets
> polarisation transfer from electron to nucleon

Only ratio G¢(Q?)/Gm(Q?),
little contribution from two photon exchange (TPE)?

As always in physics: What accuracy can be reached?
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Proton form factor: Measured settings

do (dc> | €GEQ?) +16u(Q%)
Mott

do — \da e(1+1)
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1.4 1 - 1.96
12 4 - 1.44
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o o
S S
38 081 064 &
o o .
0.6 1 [ 036 O > ~1400 settings
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0 .
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I3

®  spectrometer A
A spectrometer B
v  spectrometer C
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Background subtraction

Simulation:
» Background from elastic and quasi-elastic scattering at target walls
» Model for energy loss and small angle scattering
» Input: momentum-, angular-, vertex resolution
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Description of the radiative tail
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Cross sections / standard dipole
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Extraction of form factors

1. Traditionally: Rosenbluth separation at constant Q?
2. "Super-Rosenbluth Separation”:
fit of form factor models directly to the cross sections
» Feasible due to fast computers
» All data at all Q? and ¢ values contribute to the fit
no projection to constant Q2 = no limit of kinematics
» Easy fixing of normalisation
» Model dependence?

For extraction of radii: Need a fit anyway!

Classical Rosenbluth: Extracted Gg and Gy highly correlated
= Error propagation very involved
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Cross sections: 180 MeV
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Form factor results
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Jan C. Bernauer et al., “High-precision determination of the electric and magnetic
form factors of the proton”, PRL 105 (2010) 242001, arXiv:1007.5076
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http://dx.doi.org/10.1103/PhysRevLett.105.242001
http://xxx.lanl.gov/abs/1007.5076

Radii of the proton from electron scattering

MAMI result with Coulomb correction (McKinley and Feshbach):

(H)V? = 0.879 £ 0.005. £ 0.004, + 0.002m04. + 0.0044, fm
(V% = 0.777 £ 0.01 3. & 0.009y5;. + 0.005,04. + 0.002, fm
PRL 105 (2010) 242001
MAMI result with TPE correction (Borisyuk and Kobushkin):

(32 = 0.876 £ 0.005. & 0.0045 + 0.002m04, + 0.0044, fm
(T2 = 0.803 £ 0.013. & 0.0095. + 0.005m0d, & 0.002,, fm
PRL 107 (2011) 119102

Magnetic radius from hyperfine splitting in hydrogen:

(r2)"/? =0.778(29) fm

A.V. Volotka, V. M. Shabaev, G. Plunien, G. Soff: EP] D 33 (2005) 23
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Overview of different proton charge radius results

Pohl et al. (2010 .

Bernauer et al. (2010 e
CODATA 06 (2008 —e—t
CODATA 02 (2005 —e—i

Melnikov et al. (2000 ——
Udem et al. (1997 ——
Blunden et al. (2005 ——e—

Sick et al. (2003 ————
Rosenfelder et al. (2000 —e—
Mergell et al. (1996 —e—i
Wong et al. (1994 —e———i

Eschrich et al. (2001
McCord et al. (1991 ——

Simon et al. (1980 ——i

Borkowski et al. (1975 —_————
Akimov et al. (1972 —

Frerejacque et al. (1966 _—
Hand et al. (1963 ‘ ‘ —e—i

0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92
<rg> [fm]

Filled circles: results from new measurements
Hollow circles: reanalysis of existing data

— Talks by: S. Dubnicka (thursday)
. Sick (friday)
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Electric form factor of the neutron

Problem:
» No free neutron target available

» Gf small compared to G}
Rosenbluth separation gives large errors:

e x aGHQY) + bGH(QY)

Solution:
Double polarisation experiments on 2H or 3He

> 2H(E, e'R)

> 3ﬁe(é’,e’n)
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Double polarisation experiments on 3He

L=0 L=2
4 o~ I A
1+ +
@ R i?"’ | ? i+ii+
\ v J\ v J \ v J

S S' D
~90% ~1-2% ~ 8%

Beam target asymmetry:

N(TT) = N(T])

N(TT) +N(TL)

aGlGYsin® + bGlL? cos 0
cGP +dGl?

A

= Pepn

Ratio of asymmetries:
A0=90°) A, a Gy

A0=0°) A, bGYy
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2008 measurement: GI* at Q% ~ 1.5 (GeV/c)?
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Polarised *He target

Relaxation due to

Quarz glass » surfaces
- ~ag\830 ml » pressure (5 bar)
__e—» - » field gradients
/ e R > electron beam
Cu foil (25pm) e e — Ty ~45h
’ 80].
70}
S o Pr =Py, exp(-tT))
= A 50]
g % 40]
N o 30] T,=7lh
% E 201 (2 bar)
Change of the target cell AC
every 12 hours o

0 10 20 30 40 50 60 70
Time [h]
J. Krimmer et al., NIM 611 (2009) 18

] = = = = DQC
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GF from double polarisation experiments
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- - Galster fit
O MAMI
0.06 -
cuw
[0}
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S. Schlimme: PhD thesis, Mainz (2011)
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A2: Real photon experiments
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A2: Crystal Ball / TAPS
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7° photoproduction near threshold
Test of LETs

Y n
A e
EL:K:(—l)L o //1: ]=orb1’mlang. mom.
L+l i=1=+=
ML= (-1) 172
N N’

Close to threshold only s and p waves contribute:
1=0 Eos s wave

=1 My, My, Ei4 pwaves
so that d

o q

— (k.0) = 2

a9 =1

where A, B, and C are functions of Eo,, M1, My_, and Eq 4

[A 4+ Bcos0 + Ccos? 6]
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7° photoproduction near threshold

Previous data

| Asymmetry for E = 159.5 MeV | Asymmetry for 0_= 90 deg

o3 [

ans ....'. *
s wm TaPs E e /—-
— DMT 2001 b
P S DMT 2001, M,_lowered by 15% V
= ChPT with LEC b, fit to data s =

i P & 100 |3 140 (e0 18} T 150 155
W, ideg) E, (MeV}

A. Schmidt et al., PRL 87 (2001) 232501
S. Kamalov et al., PR C 64 (2001) 032201
V. Bernard et al., EPJ A 11 (2001) 209

Discrepancy with DMT prediction?
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7° photoproduction near threshold
CB/TAPS 2008 data

E,=159.8+ 2.4 MeV 6, =90+ 10 deg
0.3 .

of @ TAPS 2001

[ DMT 2001
2015F am=s= ChPT O(p®) with LEC b,=148 Gev?

oobr ben b bevn bena b bewn bewa L o I I N T N T
0 20 40 60 80 100 120 140 160 180 140 150 160 170 180 190 200
6, (deg) E, (MeV)
CB/TAPS 2008: Much better statistics
Subtraction of target window contributions
Energy dependence of
New fit of multipoles under way, publication in preparation

vV V. vY
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vp — m°np cross section

24T CBELSA > Blue line: best fit with
p — B
i Ds5(1700),
} — LNS Tohoku P33(1600),
3r P31 (1 750),
F35(1905),
and Born terms
2r » Partial contributions:
Red line: D33(1700)
Green line: P33(1600)
Lr Black line: P31 (1750)
Dashed red line: F35(1905)
Dashed blue line:  Born terms
0 e N f eSapems L N n
0.95 1 1.05 1.1 1.15 12 125 13 135 14 B
E. (GoV = Dominated by D33(1700)

V. Kashevarov et al., EP] A 42 (2009) 141
A. Fix et al., EP] A 36 (2008) 61
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vp — 7°np beam helicity asymmetry

03 02
g 1.0 to 1.1 Gev 1.1 to 1.2 GeV
S 02
5 0.1
! : .
< 01 ] i N ié
ol 1 - %J o} i S
b +1 i
01 ¢ E S
0.1
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02 0.2
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01 01
o i 84 N [ E: ¢
O 7 —— g
2 r R
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Dotted red line:
Fourier fit (3 terms)

Dashed blue line:
D33(1700) only

Black line:
Isobar model, 6 resonances
(A. Fix et al.)

Phys. Lett. B 693 (2010) 551
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Polarized frozen spin target for Crystal Ball

010

3He-*He dilution refrigerator (Mainz / JINR Dubna)
Material: Butanol, polarisation > 90 %

~ 1000 hours relaxation time & low He consumption
Running with transverse polarised target!

Now: D-Butanol, P = 75 %, tg ~ 1300 h (Bochum)
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First measurement of transverse spin observable F
inyp — 7°p

do do .

— == 1 — Pinz(e 2

dQ (dQ>unpol[ K ( )COS( d))

P, [=PY'H(6) sin(2¢) + P F(0)]
Py [—T(6) + PY'P(6) cos(2¢)]
P.[~PiG(0) sin(2¢) + PSE(0)]|
» T asymmetry: transverse polarised target

» F asymmetry: circular polarised photons, transverse polarised target
» Need to separate contribution from '2C, '°O (Butanol), and 3/He
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¥p — 7%p preliminary results

Transverse target asymmetry T

s 42° ////"\\// 05 54°

66°
iiq\‘[' 15 %\-/T ;
A T

102°

S00 600 700 800 900 1000

162° E,[MeV]
274
\ i
\
\
\ {x
\
\
- \.
500 ﬁ T00 ﬁ 900 1000 500 61)‘0 700 800 900 1000 0 500 600 .7-6‘0 800 9200 1000
E,[MeV] E, [MeV] E,[MeV]

Blue line — MAID 2007
Green line — SAID
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¥p — 7%p preliminary results

Double polarisation observable F

1 1 1
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05 I 0.5 /
0.5
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Blue line — MAID 2007
Green line — SAID
Black line - BG 2010-02
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A4: Strangeness in the nucleon

RTM2

fe=e
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A4: Lead flouride calorimeter

e I
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Parity violation asymmetry

e e/ e e/
. . 2
0 jvud]¥) | izu{%)
Y Z 0 X e + M2
z
p p’ P p’
eGY G§ + 1Gf, Gy
Ape = Ag+A with  As = ap/, E_E MM
RL 0 S N eq €(GE)2+T(GE/])2
Ap. = OR—OL 1035
Or + O

» Ao = Av + Aa: can be calculated in Standard Model
» AjgL: can be measured

= Strangeness contribution As can be determined in experiment
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Measurement of strangeness form factors

Three quantities to be measured:
> G, Gy, strangeness contribution

> Ga: (isoscalar) axial form factor, large electroweak corrections

For one specific four-momentum transfer Q?:
at least three measurements

Scattering experiment sensitive to
e + p elastic, forward angle G¢ and Gy,
e + p elastic, backward angle Gy and Gp
e + d quasi-elastic, backward angle Gy and Gp
e + *He elastic, forward angle G¢
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Setup of the A4 experiment

' MAMI
polarised source Moller
.. J_* o O polarimeter
by Mot linac O HDSIVI S
polarimeter @f
beam stabs RTMs
and monitors I
1
I_I . .
’____quwd H, target luminosity
Compton ~~ 7/ monitors
backscatter polarimeter [ u

0= ) — ~=h{=1
OO%C)D ﬂ,,, u \ . Compton
transmission

detector system polarimeter

AN\ N
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A4: Lead flouride calorimeter

PbF2 calorimeter:

PbF, crystals
« pure Cherenkov radiator
D scintillators » count rate: 100 MHz
e Y eacceptance: 0.6 sr
C
v (30° to 40° or 140° to 150°)
: =
ég « 1022 crystals in 7 rings
= - e fully absorbing

Electron tagger (backward):

rotatable vacuum -« 72 plastic scintillators
platform chamber
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A4: Energy spectrum

Comparison with Monte Carlo simulation

Backward angle (315 MeV)

Super Spectrum ring 3 (coinc. sSpecRing3c
| - - g3( ) | Entries 662790
E Mean 2716
22000 [RMS 18]
20000; Coinc‘idence spectrum from
E experiment
18000 -
16000 — Elastically scattered electrons
14000 . |
E Inelastically scattered electrons
12000 E
10000; T° decay photons (photo-production)
8000 = |
6000 ;—
4000 .
2000 Electrons scattered in aluminium
o e —— L. L1 | i
0 200 400 600 800 1000
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A4: Strangeness form factor at Q2 = 0.23 (GeV/c)?
0.3

2200
0.1
—0.2
—0.3
~1.0 —0.5 0.0
G =
Gy =—

0.5 1.0
Gy

0.050 + 0.042(+0.038,p + 0.019%;)

0.14 £0.16 (+0.11¢p +0.11¢¢ )
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A4: Measurement under backward angle (D,)

Asymmetry in quasi-elastic ed scattering:

A = (—20.76 & 0.964,t = 0.764y5:) ppm
(preliminary, but including all corrections)

GA O

0.2 D2 Measurement

Preliminary result:
Ga+0.61 G, =—0.55+0.35

S
>

S
>

Calculation from Experiment: Ga = —0.47 +£0.31

Zhu et al.: Ga=-0.774+0.35

4
@

-'ll\\“\\\‘\

N

EN
[
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A4: Axial form factor (H, / D5)

Comparison with GO results:

MAMI result (preliminary)
1.0 - , ‘ ‘

0.5
00} |
o5 -0.5¢

—GA(QY)

-1.0 » SAMPLE
-1.5¢ — — < Zhy, et al
2.0 - : - ‘ ‘ ‘
00 02 04 06 08 10 1.2
Q?* (GeV?)

Phys.Rev.Lett. 104 (2010) 012001
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Strangeness form factors: World data

(At least two measurements at same Q?)

2 Ad-Daten in Kirze l . EE'::;
: % l E T oo
Op = L) J """"" / """ v E734
.t Gg Happex, preliminary
o3 02 o3 o8 o gée[Gev,] A4 measurements:
osE- [ Hz, Q% = 0.23 (GeV/c)? forward
E % I Hz, Q% = 0.11 (GeV/c)? backward
o L ******************** J] ********* } Hz, Q? = 0.23 (GeV/c)? backward
3 D,, Q2 = 0.23 (GeV/c)? backward
oS- G Hz, Q% = 0.62 (GeV/c)? forward
B 0{1 012 0.‘3 0.‘4 0.‘5 X

Ulrich Miiller (Univ. Mainz) Recent results from MAMI Erice 2011 42 /43



Summary

A1: Electron scattering

» High precision electron proton scattering data from MAMI
Q? range from 0.003 to 1 (GeV/c)?

» Data point for GI* with polarised *He at Q2 ~ 1.5 (GeV/c)?

A2: Real photon experiments

» New data for 7° threshold photoproduction
Photon asymmetry X consistent with DMT model

» vp — m°np, dominated by D33(1700)
» First measurement of transverse spin observable F in yp — n%p

A4: Strangeness in the nucleon
» Separated strangeness form factors G§ and G}, at Q? = 0.23, (GeV/c)?
» Axial form factor Gu
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