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@ Motivation for precise electron polarimetry: PV experiments.
New challenges:
o JLab experiments at 11 GeV
@ New projects/proposals for lower energy (<0.5 GeV), high intensity
(> 1 mA) machines: Mainz(MESA), MIT, Cornell

@ State of the art polarimetry

o Experience at low energies (< 6 GeV)
e Recent push for high accuracy at JLab
Experiment QWeak at 1.16 GeV is close to completion
o Possible improvements
e Extrapolation to the Cornell’s ERL project: 0.5 GeV, 10 mA

Acknowledgment: Thanks the QWeak team (D.Gaskell, M.Dalton, A.Narayan)
for information and useful discussions
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Motivation for Precise Electron Beam Polarimetry

New Generation of Parity Violation (PV) experiments

@ JLab at 12 GeV: starting in ~ 1 year - 2-11 GeV available

@ New machines at 100-500 MeV: the main topic at this workshop

PV at JLab 11 GeV

JLab at 6 GeV - good for PV
11 GeV expected to be similar:

High polarization ~ 87%
Beam current < 80uA
Low noise beam

EW Mgller
EW DIS
o Neutron skin at ~2 GeV

o O

Polarimetry with exiting techniques:
0.5%: challenging

y
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Motivation for Precise Electron Beam Polarimetry

New Generation of Parity Violation (PV) experiments

@ JLab at 12 GeV: starting in ~ 1 year - 2-11 GeV available

@ New machines at 100-500 MeV: the main topic at this workshop

PV at JLab 11 GeV PV at 100-500 MeV

JLab at 6 GeV - good for PV
11 GeV expected to be similar:

High polarization ~ 87%
Beam current < 80uA
Low noise beam

EW Mgller
o EW DIS
Neutron skin at ~2 GeV

o
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Polarimetry with exiting techniques:
0.5%: challenging

y
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Electron Polarimetry Overview

e High polarization ~ 87%

e Very high beam current
~1—-10mA

e Beam quality: very stringent
(small A x @?)

o EWep — ep (as QWeak)

Polarimetry with exiting techniques:
0.5% at 500 MeV: very challenging
0.5% at <300 MeV: ?

may need a new technique
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Important Features of Electron Polarimetry

Electron polarization measurements: humbling experience
There is a history of large errors of ~ 10%
(SLAC - Levchuk effect; DESY - Compton calorimeter ...)

e Experiments are long, various things may change on the way

Precise polarimetry: an experiment in its own right
requiring considerable resources

Stat. error for a period of a possible polarization change (~ 1 h)
Stat. error & number of measurements = handle on the systematics
Systematic error:

e Does polarimetry use the same beam (energy, current, location) as
the experiment ?
e Continuous or intermittent (invasive)? Non-invasive:

o Better averaging?
o More opportunities for systematic studies!
¢ Two different polarimeters/methods highly desirable
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Methods Used for Absolute Electron Polarimetry

Spin-dependent processes with a known analyzing power.
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Methods Used for Absolute Electron Polarimetry

Spin-dependent processes with a known analyzing power.

Atomic Absorption
€ ~ ~50 keV decelerated to ~13 eV & ~ + Ar — Ar - + e, Ar* — Ar + (hv),
Atomic levels: (3p°4p)3D; — (3p%4s)°P, 811.5nm fluorescence
Potential osyst ~ 1%. Under development (Mainz) - only relative so far.
Currently - invasive, diff. beam

Spin-Orbital Interaction
Mott scattering, 0.1-10 MeV:e -1 +Z —-e  +Z
Osyst ~3%, =>1% (7)
Mainz group: double Mott - absolute measurement o5t ~0.3% seems
feasible. invasive, diff. beam
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Methods Used for Absolute Electron Polarimetry

Spin-dependent processes with a known analyzing power.

Atomic Absorption
€ ~ ~50 keV decelerated to ~13 eV & ~ + Ar — Ar - + e, Ar* — Ar + (hv),
Atomic levels: (3p°4p)3D; — (3p%4s)°P, 811.5nm fluorescence
Potential osyst ~ 1%. Under development (Mainz) - only relative so far.
Currently - invasive, diff. beam

Spin-Orbital Interaction
Mott scattering, 0.1-10 MeV:e -1 +Z —-e  +Z
Osyst ~3%, =1% (7)
Mainz group: double Mott - absolute measurement o5t ~0.3% seems
feasible. invasive, diff. beam
Spin-Spin Interaction
e Mgller scattering: é ~+ €~ — e~ + e~ at >0.1 GeV, ogyst ~ 1-2% , = 0.5%
intermittent, mostly invasive, diff. beam
e Compton scattering: € ~ + (hv), — e~ +~v at >0.5 GeV ~ 1-2%, =0.5%.
non-invasive, same beam
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Compton Polarimetry 212X =A-P,P;  Mgller Polarimetry

orrtory
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100 1 o el el *Seatereaprom oo, o Detecting the €~ at oy ~ 90°
e Rad. corrections to Born < 0.1% o % |g0. ~ 0 - good systematics
. cM
e Detectinge™, v e Beam energy independent
e Strong g;‘, - good o E,, /E, needed « Coincidence - no background
e Ax KE at E < 20 GeV e Ferromagnetic target Pr ~ 8%
o Tocl/(o-A?)oc1/k? x 1/E? (Is) < 3 ;1A (heating 1%/100°C)
e Ppser ~ 100% Levchuk effect (atomic e™)

Low Pr = dead time

Syst. error o(Pr) > 0.4%
Invasive measurement

Best syst. errors reported 0.5-1%
.geffegon Lab

e Non-invasive measurement

O 0O O0OO0OO0Oo

Syst. error 3—50 GeV: ~ 1. — 0.5%
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Compton Polarimeters: Best Accuracy at High Energy

SLAC SLD
532 nm
R e a(P)/P
MB‘[:’SV\ / source SLD ILC
_ 1998 Goal
Cireular Polarizer Laser polarization | 0.10% | 0.10%
Focusing Analyzing power 0.40% | 0.20%
‘/Sleer?r?;Lens Lineal’ity 0.200/0 01 0%
| s Electronic noise | 0.20% | 0.05%
< P tar zation) total 0.50% | 0.25%

LaserBeam __"
Analyzer and Dump/ Compton
“Compton IP”™ Back Scattered e~
Analyzing 7 \
Bend Magnet o

Polarized Gamma__~" N\ Quartz Fiber
Counter ‘/ Calorimeter

e M.Woods, JLab Polarimetry workshop, 2003

e Beam: 45.6 GeV e e~ 17-30 GeV detector - gas
e Beam: 3.5-10'%~x120 Hz ~ 0.7 ;A Cherenkov .

o Laser:532nm,50 mJat7ns x 17 Hz ~ ® 7 detector - calorimeter

e Crossing angle 10 mrad e Statistics 1% in 3 min
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Compton Polarimeter in Hall A at JLab: CW cavity

Electron Beam Electrons detector

E
Magnetic Chicane Photons detector
o
A =1064 nm, k=1.65 eV Upgraded - 1% at 1.0 GeV
e Beam: 1.5-6 GeV P=tkW e Laser: 532 nm, ~1 W
o Beam: 5 — 100 1A at 500 MHz e Cavity x2000 = >2 kW
e Laser: 1064 nm, 0.24 W ¢ GSO crystal ECAL
e Fabry-Pérot cavity x4000 = 1 kW Prospects for 11 GeV
e Crossing at 23 mrad e ~ 1% source [ e | ~
e e~ detector - Silicon p-strip Laser polarization 0.20%
_ ; Analyzing power | 0.20% | 0.40%
e ~ detector calo.rlmeter Al i) 020% | 0.00%
Stat: 1.0% 30 min, 4.5 GeV, 40 pA Pileup 0.00% | 0.10%
Syst: 1.2% at 4.5 GeV Sesgeie 0.05% | 0.05%
Total 0.35% | 0.46%
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Compton Polarimeters - What is Measured?

Photon Detector Electron Detector
e Counting rate (w), sensitive to e Counting rate (Eg), sensitive to
— thresholds — alignment
— calibration — detector efficiency
et Baylac et al, Phys.Lett. B539 (2002) + calibration using:
30 | Compton edge, 0-crossing
- 0.04 i .............. ty. ‘
> o002
200 % rooﬁ— ‘
ELCE
] -ooaé
w [ < -0.04Hall C QWeak (from D.Gaskell)
5 9 13 17 21 25 29 33 37 41 45 49 53 57 51 65
. strip #
o 50 00 150 200 , M V . .
cwynf12 MP e Integrating mode, sensitive to
e Integrating mode, sensitive to — linearity
— linearity — background
— background + no dead time
+ no dead time + high rates OK

+ high rates OK

+ no threshold issues
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Compton Polarimeter in Hall C for experiment QWeak

e~ : Diamond

AR \/ \IE\fk\/\"/ \/d V/\,{\/ \

Photons

e Electron data analysis:
— 17 mm separation at wpax
— Diamond: 3 planes operational
— Diamond efficiency ~70%/plane
— “Tracks” reconstructed in FPGA
dead time: can be improved
Largest Uncertainties

Beam: 1.16 GeV, < 180 A

Laser: 532 nm, 10 W

Fabry-Pérot cavity x100 = 1 kW
Crossing at 23.5 mrad

~ detector PbWO, (integration).
New! e~ detector - Diamond p-strip
~10 MRad - no noticeable damage

o New! New method to measure the ~ [ source | Current, % | Outiook, % |
light polarization in the cavity: 'I-ngr polarization P o
oP/P ~0.1% Trigger 0.19 0.10

e Laser cycle: 60 s ON, 30 s OFF Beam vert. angle 0.20 0.10

- ~O5O Others
BG measurement: ~25% at wpax/2 i 55 5T
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Compton at 500 MeV?

e 532 NM: wmax = 9 MeV, Az>=1.8%
e FOM(500 MeV)~FOM(1.GeV)/4.

e Electron detection to 0.5wmax: a large chicane: Ah =100 cm =
0.9 cm from the beam (similar to QWeak)

e High current /o ~ 1 — 10 mA x5-50 more than QWeak
Can one reduce the light intensity?
@ Can not afford to increase the background ~ /g
@ The origin of the background is not clear: Bremsstahlung on
gas, halo interaction in the mirrors of the cavity
@ Consider no-cavity: 10 W laser
compensate no cavity gain by 0° crossing (x100)
Much easier!
@ 10 MHz rate=-Integrating mode. Ability to count?
@ Radiation hardness ~ 500 MRad

0.5% seems possible with existing technology
0.3% would probably need a breakthrough
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Mgller Spectrometers

e Select Mgller scattering 6¢y ~ 90°

Ocm ~ 80 —110°, A¢p ~ £10°

e Small acceptance = large Levchuk effect

Suppress Mott & photons: narrow slits
Q Bates,Mainz / D SLAC
QQJLabC / QQQD JLab A
Typical acceptance
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Ferromagnetic targets for Mgller Polarimetry

Polarized electron targets: magnetized ferromagnetic foils
@ Iron: polarized d-shell (6 positions occupied out of 10)
@ P, not calculable: derived from measured magnetization
@ Spin-orbital corrections (~ 5%) - measured in bulk material
@ Magnetizing field is along the beam

@ Levchuk effect: scattering on unpolarized inner shells:

o distorted kinematics = smaller coincidence acceptance
e Change in the effective target polarization 1-10%
e Correction requires a good understanding of the acceptance

Field 20 mT, foil at ~ 20° Field 3 T, foil at ~ 90°
Magnetization along the foil e Magnetization perp. to the foil
Magnetization can be measured e Magnetization - from world data
A few % from saturation o Foil saturated
Sensitive to annealing, history e Polarization is robust.
Polarization accuracy ~ 2 — 3% e Polarization accuracy ~ 0.5%

Pioneered in 1990-s by a Basel group for Hall C, JLab
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Mgller Polarimeter with Saturated Iron foil (Hall C)

Important factors

JLab, Hall C, M. Hauger et al. NIM A 462, 382 (2001) e Small target angle = higher

External _BZ ~3-aT field for saturation
Target foils 1-10 um, perp. to beam « Solenoidal field affects the
e Levchuk: 3% correction

target collimator Q2

- /K:X
=0 R

Target cloned in Hall A

beam

PREX Target Saturation Test

\deleclors e
solenoid Q! 3 {
m ‘% 92 # -noLevchuk
‘41.0]1:"4— 320m —] 7.85m | N
T [ 5 2 -with Levchuk
° &
o o1 T
€ 'y
[ source [ o(A)/A ] H ¥
optics, geometry | 0.20% r f ;
target 0.28% ol b /
Levchuk effect 0.30% i A
0,
tOtaI at 3 H’A 046 /o e 89.5(3.8T)-88.5(3.01)=1.0%
= 100 pA ? 4
B%A 2‘6 2‘.5 :; 3:2 3‘4 36 3‘.5
Target Magnetic Field, T
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High beam currents at saturated foils

Attempts to run at hiah currents 1-3A— 501A
Hall C

e Half-moon shape foil
o Kicker magnet Hall A
e Beam duty cycle < 5%
l _ J e Beam bunches 500 MHz/n, n=16
‘ ek (-2 mm) e “Tune beam”: 4 ms pulses ~60 Hz
‘ ‘ ‘ Instantaneous counting rate at
50.A will be x3 higher

e More invasive than a kicker

scheme

Happened to be too invasive for the
accelerator running

0.1 to 10 ms (100 Hz to 10 kHz)

A 1pum thick half-foil: mech. problems:
e Foil unstable: holder design

e Thicker foil - high rate
e At 20uA - accidentals/real~0.4

May eventually work but so far it did not.
Needs beforehand planning on the machine side

E.Chudakov IEB 2015, Cornell Electron Polarimetry Overview 15/ 35 .!effegon Lab



QWeak: Compton/Mgller comparison (preliminary)

Provided by D.Gaskell (QWeak, JLab)

€ ef  OMoller e Compton ]

S wf K *5**#‘ ]

T F a f o 4 :

s b T Ty e

o %oF 4 I
84 | ]
g2

23000 24000 25000
Run number

Preliminary systematics cP/P
e Compton: 0.6%
e Mgller:  0.6%
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Mgller Systematic Errors

Variable Hall C Hall A
Instrument | QWeak | Fe 4T |
Rad. corrections - 0.10%
Target polarization 0.25%* 0.27%
Target angle 0.00% 0.20%
Analyzing power 0.24% 0.30%
Levchuk effect 0.30%* 0.30%
Target temperature 0.05% 0.02%
Dead time - 0.30%
Background - 0.30%
Optics 0.10% -
Low/high beam current 0.20%7?
Sum 0.47% 0.72%
Empirical fluctuations - 0.30%
Total 0.47% 0.60% | 0.80%

« Reduction is unlikely
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Possible Breakthrough in Accuracy

Mgller polarimetry with 100% polarized atomic hydrogen gas, stored in a
ultra-cold magnetic trap.

E.Chudakov and V.Luppov IEEE Trans. on Nucl. Sc., 51, 1533 (2004)

http://www.jlab.org/~gen/hyd/loi_3.pdf
Advantages:

e 100% electron polarization
e very small error on polarization
e sufficient rates ~ x 0.005 - no dead time
e false asymmetries reduced ~ x 0.1
e Hydrogen gas target
e no Levchuk effect
e low single arm BG from rad. Mott (x0.1 of the BG from Fe)

e high beam currents allowed: continuous measurement
Operation:

e density: ~ 6 -10'® atoms/cm?
e Stat. error at 50 yA: 1% in ~10 min
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http://www.jlab.org/~gen/hyd/loi_3.pdf

Mgller Systematic Errors, continuation

Variable Hall C Hall A
Instrument | QWeak | Fe 4T |
Rad. corrections - 0.10%
Target polarization 0.25%* 0.27%
Target angle 0.00% 0.20%
Analyzing power 0.24% 0.30%
Levchuk effect 0.30%* 0.30%
Target temperature 0.05% 0.02%
Dead time - 0.30%
Background - 0.30%
Optics 0.10% -
Low/high beam current 0.20%7?
Sum 0.47% 0.72%
Empirical fluctuations - 0.30%
Total 0.47% 0.60% | 0.80%

« Reduction is unlikely
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Mgller Systematic Errors, continuation

Proposed: 100%-polarized atomic hydrogen target (~ 3 - 10'® atoms/cm?).

Variable Hall C Hall A
Instrument | QWeak | Fe 4T | H 100% pol
Rad. corrections - 0.10% | 0.10%
Target polarization 0.25%* 0.27% | 0.01%
Target angle 0.00% 0.20% | 0.00%
Analyzing power 0.24% 0.30% 0.10%
Levchuk effect 0.30%* 0.30% | 0.00%
Target temperature 0.05% 0.02% | 0.00%
Dead time - 0.30% | 0.10%
Background - 0.30% | 0.10%
Optics 0.10% - -
Low/high beam current 0.20%7? | 0.00%
Sum 0.47% 0.72% | 0.20%
Empirical fluctuations - 0.30% | 0.30%?
Total 0.47% 0.60% | 0.80% | 0.36%

« Reduction is unlikely
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Storage Cell

o —V(1i}B) force in the field gradient
30K 40cm

< > e pulls |a), |b) into the strong field
Solenoid 8T e repels |c), |d) out of the field
e e H+H—H, recombination (+4.5 eV)
high rate at low T

parallel electron spins: suppressed
gas: 2-body kinematic suppression
gas: 3-body density suppression
surface: strong unless coated

~50 nm of superfluid “He

First: 1980 (1.Silvera,J.Walraven) e Density 3-10" —3.10" cm—3.

p jet (Michigan) o Gas lifetime > 1 h.
Never put in high power beam

£
Storage Cell i
orage k5

1533335

8
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Proof of principle

Would it work for polarimetry?

What is the effective polarization of the gas in the beam area?
The most important factors found:

@ Cleaning time - time needed for atoms of the opposite polarization and
unpolarized molecules to leave the beam area and the cell

@ Spin flips caused by the RF field of the beam - depolarization in the
beam area

@ Jonization by the beam - contamination in the beam area

@ Residual He gas in the cell - contamination in the beam area

E.Chudakov IEB 2015, Cornell Electron Polarimetry Overview 21/ 35 .!effegon Lab



Contamination and Depolarization of the Target Gas

Ideally, the trapped gas polarization is nearly 100% (~ 10~° contamination).
Good understanding of the gas properties (without beam).

Gas Properties
o Atom velocity ~ 80 m/s

o Atomic collisions ~ 1.4 10° s~
o Mean free path A ~ 0.6 mm
o Wall collision time tg ~ 2 ms

o Escape (10cm drift) tos ~ 1.4 s
CEBAF Beam

o Bunch length 0=0.5 ps
o Repetition rate 497 MHz
o Beam spot diameter ~0.2 mm

E.Chudakov |IEB 2015, Cornell

Contamination and Depolarization
No Beam
e Hydrogen molecules ~ 10~°

e Upper states |c¢) and |d) < 107°
e Excited states < 10~°

e Helium and residual gas <0.1%
- measurable with the beam
100 A Beam
If certain tricks do work:

e Depolarization by beam RF < 2. 10~
e lon, electron contamination < 10~°

o Excited states < 10~°

lonization heating < 10~ '°

Expected depolarization < 2 - 10~*
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Summary on Atomic Hydrogen for Mgller Polarimetry

Potential for Polarimetry
@ Systematic accuracy of < 0.3%
@ Continuous measurements
Beam current limitations
@ RF depolarization o Q2,,..;, - Nreper: at 1300 MHz  fpeam < 0.5 mA
@ lonization < lpeam:  lpeam < 2 MA
@ Some other effects may matter
What has to be done to validate the idea?

@ R&D to verify the technical tricks invented (on paper) to reduce
the contamination effects

@ Build a prototype and test it in a beam
@ Optimize the spectrometer to have the background under control

Pursued by the U.Mainz group for MESA
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Mgaller at 500 MeV, 10 mA

e There is no issue with the analyzing power, event rate or
spectrometer optics. Fe targets may provide ¢ P/P ~0.5%

e Hydro-Mgller is limited by /peam < 0.5 mA

e The accurate method requires a strong longitudinal field: ~0.7 T-m
for high-field iron or, even ~2 T-m for the hypothetical hydro-Mgller
e Strong beam steering! It is bad enough at ~1 GeV. At 500 MeV

the magnet for high-field iron, tilted by 1 mrad, will tilt the beam by
0.3 mrad

e |t requires independent locking on the beam position in the
polarimeter area and the experiment area - difficult at the existing
machines (not planned in advance)

e The target system should be equipped with a remotely controlled
motion system, as a goniometer, perhaps with a coarser
resolution.
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Conclusion

Precision polarimetry at 500 MeV, 10 mA machines:
@ Low energy measurements (Mott etc..)
@ Compton: ~0.5% likely possible using the existing techniques

@ Magller with iron targets ~0.5%:
e Invasive
e Limited to /peam < 3 1A Running at high currents - not yet
solved. Reducing the repetition rate may work if planned
beforehand
@ hydro-Mgaller < 0.30% accuracy, very complex, needs R&D
limited to ~ 0.5 mA
@ The machine and the experimental area should be designed to
provide the polarimetry needs
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Backup
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Hydrogen Atom in Magnetic Field

Heo it o i Consider HyinB=7 T at T = 300 mK
H1: g Nouseit,e electron spins At thermodynamical equilibrium:
2- 0PP P n,/n_ = exp(—2uB/kT) ~ 1014

Complication from hyperfine splitting:

gnp.wts ;—‘ T T A
mz : ‘ i Low energy High energy
005 | 1b)=| 14) d)=] 1)

-1 F

|a)=| |4)-cos 6—| 14)-sin ¢

|c)=| 14)-cos 6+| | 4)-sin6

—0.15 F

where tan20 ~ 0.05/B(T), at 7 T sin# ~ 0.0035
Mixture ~53% of |a> and ~47% of |b >:
Pe~1-06, J~1075,

P, ~ — 0.06 (recombination = ~80%)
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Contamination and Depolarization of the Target Gas

100 A CEBAF beam:
Beam RF influence
e |a)— |d) and |b)— |c) ~200 GHz
e RF spectrum: flat at <300 GHz

Gas lonization
e 1072 s~ of all atoms

e 20% s~ ' in the beam area

e Problems:
b ] o No transverse diffusion
1 o Recombination supgre_ssed
o Contamination ~40% in beam
e Solution: electric field ~1 V/cm
Drift v = E x B/B? ~ 12 m/s
Cleaning time ~ 20 us

e ~ 10~* s~ conversions (all atoms) Contamination < 10>
lons, electrons: same direction

e ~ 6% s~' conversions (beam area) Beam E,(160um) ~ 0.2 V/cm
e Diffusion: contamination E I 7B

~ 1.5-10*in the beam area beam
e Solenoid tune to avoid resonances V. drift
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Dynamic Equilibrium and Proton Polarization

Proton polarization builds up, because of recombination of states with

opposite electron spins:
|a)=| |+)a+| 14)5 and
1b)=| 1+)

As a result, |a) dies out and only |b)=|+ is left!

P —0.8
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Fig._ 5.11. Development of the densities of the hyperfine states and polarization as a function
of time as measured by ESR. The insct shows the ESR linc shape for one of the transitions
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Gas Properties

e n=2-10" cm~3 - density

e I =03K- temperature Ref., | condi- H polarized H unpolarized
. . . date | tions |[o,cm?[d,cm | o,cm? [ d,cm
o Diffusion speed =- cleaning 10~ | 1078 | 10-"6 | 10-8
time Alison,71 | T>1K | 87.0 | 526 | 680 | 465
Miler,77 | T~0K | 423 | 3.69 - -
e Heat conductance Friend,80 | T~0K 6.5 | 1.44 49| 1.25
. Lhuillier,83 | T=2.5K | ~30.0 | 3.10 - -
e Depend on the atomic cross-
section o
Using Miller,77:
e V= ./8kT/mm =80 m/s - atom speed
o e — 5. 4n, /KL ~1.4.10% s - atomic collisions

e (= (onV/2)~" ~ 0.57 mm - mean free path
e Tgs ~ 1.4 s - mean drift time to |Z| = 10 cm
e Tp ~ 2 ms - mean drift time R=0 — R=2 cm
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CEBAF Beam Parameters

General

7 = 0.5 ps - bunch time width (RMS) in LAB frame
ogx/y = 100 pm - bunch transverse width (RMS)
F =497 MHz - bunch repetition rate

v > ~ 10* - beam ~-factor

I, =100 pA - average beam current

I, - cell radius

Electromagnetic Field of the Bunch

In CM of the bunch: o7 > 15 cm > Rpjpe = Ep r—'. Boost to Lab.
e The field is located in a thin disk around the bunch

B(z,r,t) - azimuthal

e B(O,r,t)= L@ 05(t/m° (1 F’,fo.s(r/(rf,xfyF .
RF
B(t) =3 __ B, e« where w, = 21.F.
Bu(r) = 52 exp( “KT) - G(r)
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Depolarization by the Beam RF field

|a> |d) and |b)— |c) transitions ~200 GHz.
,- harmonic perturbation ji - B - e!= @azd = 27|, . B §(w — waq)
Non uniform magnetic field:

d i ,
4., - spectral density of atoms for w(a — d)
',:‘ 102 T T T T T T T T L
N b—c a—>d
§
& ]
3
5 1 1
E -1
- 10

10_ Il Il \w—"-——\‘ Il Il Il Il | \[

217 218 219 220 221 222 223 224 225
Transition frequency V (GHz)

2
g (sh) (12050 T |,
e ~ 10~* s~ conversions (all atoms)
e ~ 6% s~ ' conversions (beam area)
e Diffusion: contamination
~1.5.10~*in the beam area

e Solenoid tune to avoid resonances - tune to a resonance to study the
effect
E.Chudakov IEB 2015, Cornell Electron Polarimetry Overview 32/ 35 .!effegon Lab

: eXP(*w§k272) Tk



lonization by the beam

100 A CEBAF beam:
Gas lonization

e 1072 s~ of all atoms
20% s~ in the beam area
Problems:
o No transverse diffusion
o Recombination suppressed E B
o Contamination ~40% in beam beam
Solution: electric field ~1 V/cm
Drift v = E x B/B? ~ 12 m/s V drift
Cleaning time ~ 20 pus
Contamination < 10—°

lons, electrons: same direction
Beam E,(160um) ~ 0.2 V/cm

O O O O O

Technical issue: how to build electrodes in the copper storage cell?
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Residual Helium Gas in the Storage Cell

@ ~0.1% - from Michigan measurements
@ Strategy:

e Measure with a probe (technique used at Michigan)

o Measure with the beam changing the hydrogen concentration

e Reconstruct the trajectories of the Maller electrons using special
detectors (Si strips) and the position of the vertex (inside the
solenoid and at the edges). May be difficult for very low and very
high beam energies.
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Mott Polarimetry

0.1-10 MeV: e~ 1 + Au — e~ + Au analyzing power (Sherman func.) ~ 1-3%

¢ Nucleus thickness: phase shifts of
scat. amplitudes

e Spin rotation functions ol cale. for P = (620 +/- 0.3 +/-0.2)%
. . calc. for P=(61.6 +/- 0.2 +/- 0.2)%
e Electron screening, rad. corr. %7 cale. for P = (61.8 +/- 0.4 +/- 0.2)%

e Multiple and plural scattering
e No energy loss should be allowed
e Single arm - background

j-‘ 24 "
target - ladder

asymmetry / %

thickness /um

e Extrapolation to zero target thickness
e e~ 1 <5 uA - extrapolation needed

JLab: o(P)/P = 1%(Sherman) & 0.5%(other) (unpublished) ¢o (extrapol)
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