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‘Elec'rr'on Polarization at HERA‘
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Sokolov Ternov Effect ‘

* Pc+=0.924 for an ideal, flat machine, independent of any
machine parameter

* 157= 37 min for HERA @ 27.5 GeV (prop. 1/y°, R?)

- depolarization effects (ty) in a real machine
— can substantially reduce P,

— and effective build-up time constant t:

(%))
Tgr+7p

t =tsr

* Pc+ and 147 calculable from first principles
— a simultaneous measurement of P, and t provides a

calibration method:
Poo = r(ﬁ)z k-P

ma Tgr meas



|HERMES Spin Rotators
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Principle of the P, Measurement with
the Longitudinal Polarimeter
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Compton Polarimetry at HERA

Operating Modes and Principles

Laser Compton scattering off HERA electrons
TPol LPol
CW Laser - Single Photon Pulsed Laser - Multi Photon

Flip laser helicity and measure scattered photons
P,=0.59 P,~0.59
Spatial Asymmetry Rate or energy Asymmetry

RIGHT-LEFT

2 4 6 8 10 12 14 16 18
E_rr' GeV

Statistical Error AP=1% per minute @ HERA average currents



Experimental Setup - Overview

HERA-e

HERA, East hall

52 m

54 m

“
%&g-

laser

interaction point

calorimeter



Experimental Setup - Calorimeter

Calorimeter NaBi(WO,), crystal
position calorimeter

¥ L~ 2 x 6 mm Pb plates (preshower)
Compton NBW-crystal

photons
aluminized mylar

— L HERA-e
movable perforated Ni-foil

photomultiplier

segmentation — position detection of Compton photons
NaBi(WO,), crystals: 22 x 22 x 200 mm3
p : 757 gcm? Xo : 1.03 cm
Ry @ 2.38 cm rad. hard. : <7 x 107 rad
c; :12ns n : 2.15



‘Exper‘imem‘al Setup - Laser System
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Last modification: 10-Jul-97

light analyzerbox #2 HERA tunnel, section East right (OR)

- M1/2  M3/4 M5/6: phase-compensated mirrors

- laser light polarization measured continuously in box #2



beam expander
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‘Experimem‘al Setup - DeTaiIs‘

calorimeter position




‘Laser Control - COP

File Expert Commands Hera Status Options Comptons Cameras Help

AUTOPILOT ON | Setting Laser delay to 11.9 ns | oK | 11:50:29 |

AB 1 .- Startup I

. D Mi{om _Shutdown |

Auto Pilot I
Light Pol I

Align Table I

CALORIMETER

Trigger I

Mirror # | 1 2 3 4 56 8 || Analyzer#2 || Calorimeter
X 0 -100 | 30 | -490 | -8000 | 2999 | Angle | 3570 = X 1937
y 100 200 | -200 | 1020 | -4300 [-17000 Intensityy o | Y 157.7

Status | GOOD | GooD | Goob | Goob | GooD | Goob | Status | GooD | Status | Goob

Automatic Control

- Synchronizing laser and
electron beam

- optimize luminosity

- optimize A polarization

- center y beam on calorimeter

- control & readjust dll

paramefters: ...
laser spots on all mirrors
using CCD cameras

| Camera pictures - raw

EEE)

Cancel
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Polarimeter Operation I

Single-Photon Mode

Advantages:

- large asymmetry: 0.60 (max)
- easy comparison to do/dE

AS(Ey) = (035~ 01,/ (03,% 0y)

Disadvantage: =P_P, Az(Ey)
- dP/P =0.01in 2.5 h (too long)

st |

3?:: i spin 3/2 spin 1/2

photon energy (GeV)

photon energy (GeV)




Polarimeter Operation II

Multi-Photon Mode

Advantages:

- eff. independent of brems. bkg

and photon energy cutoff
- dP/P =0.01 in 1 min

Disadvantage:

- no easy monitoring of calorimeter
performance
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‘Polarizaﬁon Determination

AP = (30210 / B3+ 2Zp0)

Question:
= 0.193 (for crystal calorimeter)

Is response function linear

E oo over full single to multi-
5 = IE (do | dE) E -r(E)dE photon range?

Test beam results

= 1.15 EE
§ g3
g 1.1 . § b
“;:: 1.05 . CERN Sl
% 1 DESY.' ‘ 8“ 1 | + + t $ ¥ —s
2, g
Soos| . 0.9
B 09 g’j
085 0.6
085 5 10 15 20 25 30 O T T, T T T
beam energy (GeV) number of Compton photons
0.9% syst. uncertainty 0.8% syst. uncertainty
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Polarization [

HERA: 220 bunches separated by 96 ns
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Polarization Performance ‘

174 colliding + 15 non-colliding = 189 filled bunches

20 min measurement
dP/P = 0.03 in each bunch

v
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time dependence:
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“"Non-Invasive” Method

Possible to 'empty’
an electron bunch
with a powerful
laser beam at HERA
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A large Systematic Effect - Solved

In multi-photon mode:
1000 y's — 6.8 TeV in detector

Protect PMT's from saturation
— insert Ni foil in 3mm air gap

Problem:
NBW crystals are 19 X,
— small shower leakage
with large analyzing power

A,(w/ foil) = 1.25 x A (w/o foil)

No light attenuators are used since early 1999
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Systematic Uncertainties

()
Source AP, /P, (7)
(2000)
Analyzing Power A, +1.2¢
- response function (£0.9)
- single to multi photon transition (+0.8)
A, long-term instability + 0.5°
- PMT linearity (6MS system checked) (+0.4)
Gain mismatching + 0.3
Laser light polarization + 0.2
Pockels cell misalignment + 0.4v
- M/2 plate (helicity dep. beam shifts) (+0.3)y
- laser-electron beam overlap (+£0.3)y
Electron beam instability + 0.87
- electron beam position changes (£0.6)y
- electron beam slope changes (£0.5)y
Total + 1.6°

* new sampling calorimeter built and tested at DESY and CERN
Pfrom comparison with prototype sampling calorimeter
vstatistics limited

3 published inNIM A 479, 334 (2002)



New Sampling Calorimeter

Test beam results

PMT's Wave length shifters .
E 2500 CERN
2
w0 DESY
1500
1000
500 -
“Was s 75 0 15 15 175 2
Incident Energy (GeV)
S
. %: ‘r'(E) - 1.
@ \ E -
{ A X E +
. . £ \
Scintillator plates Tungsten plates 5 T
1-
better energy resolution & linearity |
Than NBW CalorimeTer 202 s 15 10 125 15 s w
Incident Energy (GeV)
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‘New Sampling Calorimeter - Details

side view beam view
S 9% .
50

Sampling- | Silicon | : : :

Calori- T 321

meter i : !

sificon i 1 I
e . ||| (018 75 is0

ey , _i2s

Detector ; i
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Calorimeter 2 0, 22 .
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130 22 fEebee

40
22

52

all measures in mm
135

- sampling & NBW calorimeters sit
on movable table (x-y)

—» fast switching possible

- one calorimeter is always
protected from synchrotron and
bremsstrahlung radiation




Systematic Uncertainties

Source AP,/P, (%) | AP /P, (%)
(2000) (>2002)

Analyzing Power A, + 1.2¢ + 0.8

- response function (0.9) (+-0.2)at

_ single to multi photon transition (0.8) (+-0.8)
A, long-term instability + 0.5 + 0.5
Gain mismatching + 0.38 + 0.2
Laser light polarization + 0.2 + 0.2
Pockels cell misalignment + 0.4° + 0.2
Electron beam instability + 0.8F +0.4
Total + 1.6 +1.1

*new sampling calorimeter built and tested at DESY and CERN

Bstatistics limited

expected precision: (multi-photon mode)
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Systematic Uncertainties - IT

Longitudinal polarization with unpolarized electron beam (27.6 GeV)
—» measure false asymme’rries (IP not optimal, HERA clock unstable)

Polarization [%]

< Pe> - -0.380/0 + 0.140/0
(I,) =14mA
x2/df =55.3/78

L N - T X S

12 12.02 12.04 12.08 12.08 121

12 February 03 Time [Days]

Gain mismatching (= 0.2%)
Pockels cell misalignment (+ 0.2%) estimate consistent with data
Electron beam instability (+ 0.4%)

/

estimated (2002) 22



Polarization-2000

HERMES, H1, ZEUS and Machine Group

Goal: Fast and precise polarization measurements of each electron bunch

Task: major upgrade to Transverse Polarimeter (done)
upgrade laser system for Longitudinal Polarimeter (in progress)

Fabry-Perot laser
cavity
[(8P,)srqs =1%/min/bunch]

beam intensity
after cavity

# Intensity

Final Cavity

Mount for travel | (courtesy F. Zomer)

23



A Comparison of Different Polarimeters

PL e-y rate y rate (ny) (SPe)STGT (SPe)syST
LPOL: 33MW  0.1kHz 1000 y/pulse  1%/min ~2%
pulse laser multi-y mode  (all bunches)
l.e.0.01y/bc  1%/(>30min)
(bc=bunch crossing) (single bunch)
TPOL: 10W  10MHz 0.01 y/bc 1-2%/min ~4 Y >
cw laser  single-y mode  (all bunches) <«2%
(cw=continuous wave) (upgr'ade)
New LPOL: GkW) 10MHz  1y/bc 0.1%/65 per mill
4 cw laser  few-y mode (all bunches)
: 1%/min
Fabry Pelr'o‘r Cavity (single bunch)
0.7W Expected precision

(courtesy F. Zomer)
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Photon Detection and Systematic Uncertainty of P,

New LPOL (few-photon mode): Existing LPOL (multi-photon mode):
2 6 j 2 180 F _
L% 185 5 =1 k=1.165 eV L% 60 b k=233ev  S.= 1{\ S =+1
104 P.=05 o B P05 A
10} >t @D
10 100 £
1 0 £
10, 60 F
18-3 w0 F
10 20 |
0 "% @ e 10 0 6™ 5000 4000 6000 5000
E, (GeV) E, (GeV)
Compton and Bremsstrahlung edges Up to 1000 y produced per pulse
clearly visible Signal/background ratio improved
Background determination and >H5TeV measured in the detector!
Calibration easy Calibration difficult
(6P.)syst per mill level expected Non-linearity = main syst. error

(courtesy F. Zomer)
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Polarization after Lumi Upgrade

All three spin
rotators turned on

Pe > B50%
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2.4 2.45 2.5 2.55 2.6 2.65 2.7 2.75 2.8 2.85 2.9
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TPOL/LPOL Ratio

Still under investigation

LPOL: TPOL:

various analysis codes give
different answers!

good fill

POLARIMETER OPERATION in 2000 Tpol_oldCode Tpol_newCode LPOL Comparison
: - : : . 70
B o 3 Tpol/old——black
= 3 60 [ Sgagatnngl gpnuppiy ' By at
b j Tpol/ngw——red.....li ' fagante afe
o s0 .
20 = a8
40 .
_Iu PR I —— PR PP ..“‘ ...‘I-.. “...[ ------ I.. _J70
O 50 T SR T R LT T S L Jg‘qh"g .......
=} d ¥ H : S F G eensenet®®® s,sta,0e,,
i i B0 E peamwd s SSmesennt LR
-
5 i
50
40
% . g .
=105 P4 %|+11_A§+.+-.+. e |
+1 #i:?h‘;'i**“:“*; :i“’.::i” ié#ﬂ. i
1 ' i i ; ; 4
i{- +““*+++++°+++-‘++ '++*¢+++++ it H H i
095 + +
5 w0 s 00 Az s 1zs 2000 cadn 16.4 165 16.6 16.7 1638 16.9 17
Daysiin 2000 starting 1 of danuary blue(Lpol/newTpol), black(Lpol/oldTpol), red{newTpololdTpol) Time (d) July 2000

Strategy:
investigate ratio for good and bad fills and look for any dependencies



Conclusions

» Longitudinal Polarization is currently measured with

- 1% statistical uncertainty per minute (for all bunches)

- 1.6% systematic uncertainty (with NBW calorimeter)

- uncertainty (with new Sampling calorimeter)

» After upgrade to optical cavity is finished,
- systematic uncertainty:
- statistical uncertainty: for each individual bunch

* Longitudinal Polarimeter measures rate (energy) differences

» Compton Scattering is possible for E, ., > 1 GeV
- large asymmeftries: A ~ E, E,
- polarization measured/monitored continuously
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