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Status

MESA

I The P2 Experiment - A future high-precision measurement of
the electroweak mixing angle at low momentum transfer.

| Aim is to measure the weak mixing angle? ., in electron
proton scattering to precision 0.%4

I CW spin polarized electron beam, polarizatior85%
I Beam current 150 A, beam energy 150MeV

Reference: arXiv:1802.04759
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Status

P2 Experiment at MESA

I Beam polarization signi cantly contributes in precision
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Status

MAMI and MESA Photo cathodes

Ivami 1000 A

Emami 1800
150Q0MeV,
Pmami  85%

7 days/24 hours

I MAMI & MESA use super lattice photo cathodes SVT

Associates

I Beam polarization could vary up to 10% during run

I Red line - a new photo cathode
I Black line - a good used cathode
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Polarimetry at MAMI and MESA
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Polarimetry status

Polarimeters chain at MESA

I Double Mott polarimeter at 10@keV
I Mott polarimeter at 50 MeV

I Mgller polarimeter at 5@ 1500MeV with Polarised Atomic
Hydrogen Target. Proposed in 2004 and revised in 2012
Dr. E. Chudakov (JLAB) and Dr.V. Luppov (Janis Res. Co.)

I The goals at MESAPMott, double = PMott, 5.0 MeV — I:)Mraller, H
I Accuracy P < 0:5%
I Online measurements
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Proposal E. Chudakov and V. Luppov

The main idea of Polarized Atomic Hydrogen Target

Mgller scattering of electron beam

d d o X
= — 1+ ajPPP| (1)

Li=xy;z

d CM_d CM

where:PjT , PB target and beam polarizations,
Z - beam directionx;y - scattering directions

N" N

Aexp = W = a.ZZPBPT: (2)
it would be more convenient witla)}® = g, PT = 1:.00
7
Aexp = 9 pB 3)
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Proposal E. Chudakov and V. Luppov

Complication from hyper ne splitting

Molecular hydrogend, opposite electron spin
Atomic hydrogerH; : ~ ~¢ in magnetic eld
Low energy:
jai " od cos() j# o sin()
jbi j#od
High energy:
jci j#d cos( ) + ["od sin( )
o jdij"
Target PolarizationP”™ 1 10 °  0:99999
I H+ H! H,recombination energy:45eV high rate at low T
I gas: parallel electron spins 2-body kinematic suppression
I gas: 3-body density suppression
| surface: strong unless coated50nm Im of super uid *He
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Proposal E. Chudakov and V. Luppov

How to keep the target in Z and R-directions

Trapping in Z-direction
I Superconducting magné® = 8.0T
I force in the eld gradient
r ~H B

I jai andjbi are pulled into strong
eld

I jci andjdi are repelled out of eld
Trapping in R-direction

O . .
R and Z - coordinates I Wall of storage cell is coated
HIC - mising chamber 50nm Im of super uid *He

| Tyan = 0:25 0:30K
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Proposal E. Chudakov and V. Luppov

Storage cell, established

I Ly = 0:20m,

I Dy = 0:02m,

I =230 10%cm 3

l 4 Ly=60 10%cm 2
I Gas lifetime 1:.0hour

Nobody has put the target in a high power beam

I. F. Silvera and J. T. M. Walraven. Phys. Rev. Lett. V.44, N.3 (1980),
M. Mertig et al. Rev. Sci. Inst. 62.1 (1991), E. Chudakov Nuovo Cim, V. C35, N.4 (2012)
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Actual design
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Cooling power estimation

Requirements to cryostat: heat load, cooling power

| Super uid*He Im coated wall atTg = 0:25 0:30K

I Prec = 10:0mW, H-pair recombination energy, depends on
feed rate of atomic hydrogen

I Pgp=10:0mW, Im burners and transition unit

I Ppp=25:0mW, estimated black body radiation to mixing
chamber from warm parts of beam line.

I Pcooling= Prec + Py + Ppp = 45.0mW

| Poooling  450mMW at Tme = 0:25K and nyes = 16:5 ™M jn
ideal case

| Peooling  60:0mMW at Trme = 0:25K and nyeg = 40:0 ™ jn
real case

Special thanks N. Borisov JINR, Dr. T. Niinikoski CERN
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Actual design
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Atomic hydrogen feed system

Storage cell: Operating with atomic hydrogen

Working sequence
I Filling time  1hours
I Work time  1hours
I Ba es of feed system blocked due to frozen hydrogen
I Warmup 25K
I Not available continuously on line
| Losses 1:0 10%2Q9m
Proposed and discussed FZ Jilich, Germany
I Suppress ux ofH, andHj in statesjci andjdi
I Inlet onlyH; in statesjai and jbi
I It seems continuous operation possible

Thanks Dr. F. Rathmann, Dr. Ralf W. Engels, FZ Jilich
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Hardware actual design

Horizontal cryostat and solenoid

Thanks: N. Borisov, Yu. Usov (JINR), Ch. Keith, M. Lowry, E. Chudakov (JLAB), T. Niinikoski (CERN)
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Hardware actual design

Polarimeter components =

Dilution cryostat + Storage cell + Mgller Detector

I Horizontal oriented dilution cryostat
mixing 3He in*He

I Cryostat insert (up)

I Cryostat housing (middle)

I Superconductive magnet, thermal shield
and atomic hydrogen feed system (down)

I Detector of Mgller polarimeter (not
shown)! JLAB, W&M

I DimensionsL 25+ 220m;D 0:50m
I Funding applied
I Under construction: JGU Mainz
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