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Back angle measurements using P2

* EXxpected uncertainties in the P2
experiment

* The form factors G,,;* and G,

* Possible back angle
measurements and impact on P2



P2 experiment at MESA
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Proton structure enters here as "dilution":

F (Qz) =F EM (Qz) +F Axial (QZ) +F Strange(Qz)



Proton structure: Parameterized by form factors
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Proton structure: Parameterized by form factors

FEI\/I (Q2)= ic(;CE:?)EnZ :Z—C(;CI\ZI\;;)% sufficiently enough known
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Proton structure: Parameterized by form factors

PN P n
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2 2
P P
eGEf +7(GP)
suppressed by weak

charge
l-¢ )/T(l_l_z-)vaamshesfor@—m

N—~ but large uncertainty

+2'(G,5| ) for G,

GG, +1G,, Gy
e @) et et
where 7 = 4(5;2 and & = 1 72
2

P 1+ 2(1+ 7)tan 5



Proton structure: Parameterized by form factors

PN P n
FEI\/I (QZ): (C’GEGEZ +TGMG|\£| sufficiently enough known
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Precision of P2: Monte-Carlo-Studies

- Proposed experimental conditions:
. Beam energy: 200 MeV
i . Beam current: 150 pA
- \ i . Polarization: 85% + 0.5%
yota ]
n - _ o (o]
- I = - 6|ab_ 20 ilo
5, o TG Ap=2m7
Y ¥
3 +
u - = Statisti .
£ S — . Target: 60 cm liquid hydrogen
__Q_,T:%]: - | | | | | | | |
~ 15 20 25 30 35 40 45 50 55 60 .« Measuring time: 10000 h
0,,,/deg
Q? 0.0029 GeV?
Aphys -20.25 ppb
AAot 0.34 ppb (1.7 %)
AAstat 0.25 ppb
MAsys 0.19 ppb (0.9%)
Rate 0.44 10?2 Hz
Asin? Bw stat 2.810%
ASin? Bw tot 3.6 104 (0.15 %)




Experimental data for G,,

Sample

Happex

A4

GO

A4—IV analysis in progress

0.4 0.5

0.6
Q? (GeV?)

SAMPLE: D. T. Spayde et al., Phys.Rev.Lett. 84 (2000) 1106-1109
Happex: A. Acha et al., Phys.Rev.Lett. 98 (2007) 032301

GO: D. S. Armstrong et al., Phys.Rev.Lett. 95 (2005) 092001

D. Androic et al., Phys.Rev.Lett. 95 (2010) 092001
A4. F. E. Maas et al.,, Phys.Rev.Lett. 93 (2004) 022002
S. Baunack et al., Phys.Rev.Lett. 102 (2009) 151803

A4-1V: about 800 hours hydrogen data on tape, analysis in progress



Experimental data for G,
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Q2 (GeV?)
SAMPLE: T. M. Ito et al., Phys.Rev.Lett. 92 (2004) 102003
GO: D. S. Armstrong et al., Phys.Rev.Lett. 95 (2005) 092001
D. Androic et al., Phys.Rev.Lett. 95 (2005) 092001

A4 Paper in progress

A4-1V: about 700 hours deuterium data on tape



G,,S: Presently used parameterization for P2 studies

Fit to experimental data (valid up to Q%=0.3 GeV?), taken from:
P. Wang, D. B. Leinweber, A. W. Thomas and R. D. Young, Phys. Rev. C 79, 065202 (2009)

G5,(0%) = 0.044 +0.930% £ /0.34 — 7.0202 + 47.80* | with Q2in GeVz

n = —
8
6
4: * Quite large uncertainty
- * Atlow Q% AG,S=0.6
2

* For P2 studies:
— Assume improvement

in the uncertainty by
factor 4
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G, : Presently used parameterization for P2 studies

G,(0*=0) =—1.136 £ 0.411

2

M

)
G2(0H) = (1 + g) with M, = (1.032 + 0.036) GeV
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taken from:
M. Musolf et al., Phys. Rept.
239 (1994)

gas AS, anapole moment, ...

* Uncertainty calculated
using Gaussian error
propagation

* Atlow Q% AG,=0.4

* For P2 studies:
Assume improvement
in the uncertainty by
factor 2



Present situation
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Back angle measurements

Sketch of P2 main experiment:

* Liquid hydrogen target
* Elastic ep-scattering 10° < ® < 30°

* Measurement time: T=10.000 h

e Luminosity L=2.5 - 103° ——

s'cm

2

Solenoid

¥

Beam electrons
Energy: 200 MeV
Polarization: 85 %

60 cm liquid | Electrons, scattered elastically Integrating detector,
hydrogen target off protons full azimuthal coverage



Back angle measurements

Maybe in parallel a back angle measurement possible?
Depends on

* Available space
* Available man power
* Available funding

Solenoid 1m

Beam electrons /

Enr:zrg},nr 5 r- _
o 85 %

Electrons, scattered elastically Integrating detector,

60 cm liquid
cm liqui off protons full azimuthal coverage

hydrogen target



Benefits compared to the A4
(E=210 MeV) back angle measurement

Imagine to place an A4-like detector (AQ=0.63 sr, 140° < ® < 150°) into the P2 setup:

Apy = 7.5 ppm

A4 experiment P2 back angle
experiment
8.7-107 fb!
AA= 0.03 ppm

Integrated luminosity 1.5-10° fb?
AA,,= 0.60 ppm
HC correlated false asymmetries AA, = 0.25 ppm
Polarimetry AP = 4%
AAp, = 0.41 ppm
Uncertainty in the measured AA, = 0.80 ppm
asymmetry ( 10.6 %)

AA,-=0.0001 ppm

AP =0.5%
AAg, = 0.04 ppm

AA,,,=0.05 ppm
(0.7 %)

Such a measurement could yield a less than 1% determination of A,

at backward angle!



Possible back angle measurements

* Option A:
Back angle measurement on hydrogen parallel to P2 main experiment

Advantage: - Very precise determination of Ap,,

Disadvantages: - Gives only a linear combination of G,,* and G,
- Momentum transfer Q2=0.1 GeV2 does not match the main

experiment's Q* = 0.0029 GeV?

* Option B:
Dedicated back angle measurements on hydrogen and deuterium

with lower beam energy E = 150 MeV

- Separate determination of G,,;* and G, with better matching Q?2

Advantage:
- Back angle setup alone requires less space in ExHall 4

Disadvantage: - Requires additional beam time, assume here 1000h each



Option A: Back angle measurement
on hydrogen parallel to the
P2 main experiment

Conditions:

* Beam energy: E = 200 MeV, Q2=0.1 GeV?
* Beam current: =150 pA, Target length 60 cm
* Measurement time: T=10.000 h

* Acceptance: 140°<0©<150°,0< ¢ <2rn
* Parity violating asymmetry: Ap,, = 7.5 ppm

e I
Backward, H2 only: Form factor input Fg,, =0.558 +£0.010

Can measure linear combination: FStrange +F,., =0.398- (G,f/l +0.442 - GA)

\_ Withprecision:  A(Fgange T Faa) = 0.011 )

e Forange + Fada = 0.0040-(G5, +0.691-G,, ) A
With Precision: A(FStrange AX|aI) 0.00076

- )




Option A: Backward, H2 parallel to
P2 main experiment

Scale down the measured linear combination to the P2 forward condition:

Fatrange + Fagar = 0.0040- (G, +0.442.-G,, }+0.00011

But Q2 not the same, must be extrapolated, and linear combination does not match
exactly: Assume an additional uncertainty of the same size 0.00011.:

A(Fsyange ¥ Faxiar) = 0.00016  From backward measurement, H2 only

A(FStmnge + FAxial) = 0.00076 P2 input without back angle measurement

—_ Improvement by factor 4

Uncertainty in Asin®®,, drops from Asin®(6,, }=3.6-10"to Asin®(f,, )=3.1-10"*



Option A: Backward, H2 parallel to
P2 main experiment

Also, the P2 main experiment might go to larger scattering angles
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Option B: Dedicated back angle
measurements on hydrogen and

deuterium

Conditions:

Beam energy: E = 150 MeV, Q%=0.06 GeV?
Beam current: 1I=150 pA, Target length 60 cm
Measurement time: T=1.000 h for each target
Acceptance: 140°<©® <150°,0< ¢ <27
Targets: Hydrogen and deuterium

-

Backward, H2: Form factor input

\_

Can measure linear combination: F

With precision: A (F

trange

Strange

F.,, =0.500+0.007
+ |:Axial

) =0.015

AX|aI

=0.323-(G;, +0.565-G, )

~

With precision:
\_ P

/Backward, D2: Form factor input

Can measure linear combination:

A(F

Strange

F

F., =0.745+0.005
+F

Strange Axial

+F,.,)=0.013

—0.105-(Gy, +2.902-G, )

)
~

/




Option B: Dedicated back angle
measurements on hydrogen and

deuterium

Conditions:

Beam energy: E = 150 MeV, Q%=0.06 GeV?
Beam current: 1I=150 pA, Target length 60 cm
Measurement time: T=1.000 h for each target

Also an improvement in
the uncertainty by factor 4

Acceptance: 140°<©® <150°,0< ¢ <27
Targets: Hydrogen and deuterium

-

Backward, H2: Form factor input

\_

Can measure linear combination: F

With precision: A (F

trange

Strange

F.,, =0.500+0.007
+ |:Axial

) =0.015

AX|aI

=0.323-(G;, +0.565-G, )

~

With precision:
\_ P

/Backward, D2: Form factor input

Can measure linear combination:

A(F

Strange

F

F., =0.745+0.005
+F

Strange Axial

+F,.,)=0.013

—0.105-(Gy, +2.902-G, )

)
~
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Summary

P2 measures the weak mixing angle and nucleon form factor input is needed

G, and G,,* make non-negligible contributions to the uncertainty and limit the the central
scattering angle to values below 25°

A back angle measurement on hydrogen parallel to P2 main experiment:
+ Can lower the error contribution by factor 4

+ No additional run time required

- Q2 and linear combinations do not match

- Setup needs more space in experimental hall

A dedicated measurement on H, and D, at lower beam energy E=150 MeV
+ Can lower the error contribution by factor 4
+ Q2 matches better and a separate determination of G,,* and G, is possible

- Requires additional beam time



Separate Determination of G, and
G, at Q4=0.06 GeV?3

* Numerical determination of precision

* Choose randomly EM form factors and asymmetries according to their uncertainties and
calculate G, and G,

* Correlation of electromagnetic form factor input taken into account

GAp
Entries 10000

- Mean -1.011

- RMS 0.04923 GMs
800 — -

- Entries 10000
700 - 1000 Mean  0.04323
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