Overview of Technical Challenges in
Parity-Violating Electron Scattering Experiments
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Violation to Hadronic Structure and more..”
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From PAVIOZ2 first circular: "The smallness of the asymmetries fo measure has
also triggered many technical developments which will be addressed.”

— Coverage of the technical developments in PV electron scattering experiments
has always been a part of PAVI workshops.
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Technical Development Talks at PAVIO2, Mainz, Germany

11 talks:

Polarimeter I  E. Burtin, CEA Saclay
Polarimeter IT J. Grames, Jefferson Lab
Polarimeter III B.Collin, IPN Orsay

Source I K.Aulenbacher, IfK Mainz
Source IT M. Baylac, Jefferson Lab
Source ITT B. Humensky, U. Virginia
Source IV M. Farkhondeh, MIT Bates

Detector I J. Martin, Caltech
Detector II R. Kothe, IfK Mainz
Detector ITI  D. Marchand, IPN Orsay
Detector IV K. Grimm, ISN Grenoble



Technical Development Talks at PAVIO4, Gr'enoble France

International Workshop on

Parity Violation and Hadronic Structure g

Laboratoire de Physique subatomique et de Cosmolngie
Grenoble (France), 8-11 june 2004

13 talks
* "Stabilization System of the Laser System of the A4 Compton Backscattering Polarimeter”
Jurgen Diefenbach - University of Mainz
"Performance of the 60 Superconducting Magnet System” Steven Williamson - University of Illinois
* "The Transmission Compton Polarimeter of the A4 Experiment” Christoph Weinrich - University of Mainz
"The Qweak Tracking System” Klaus Grimm - College of William and Mary
"Redesign of the A4 Calorimeter for the Measurement at Backward Angles” Boris Glaser - University of
Mainz
* "Progress Report on the A4 Compton Backscattering Polarimeter” Yoshio Imai - University of Mainz
- "6° Beam Quality and Multiple Linear Regression Corrections” Kazutaka Nakahara - University of Illinois
"Moller Polarimetry with Atomic Hydrogen Targets” Eugene Chudakov - Jefferson Lab
"Overview of Laser Systematics” Gordon Cates - University of Virginia
- "A Bin-per-Bin Dead-Time Control Technique for Time-of-Flight Measurements in the 6° Experiment: The
Differential Buddy” Louis Bimbot - IPN Orsay
* "Beam Optics for Electron Scattering Parity-Violation Experments” Douglas Beck - University of Illinois
- "Cherenkov Counter for the 6° Backward Angle Measurements” Benoit Guillon - LPSC Grenoble
* "Electron Beam Line Design of A4 Compton Backscattering Polarimeter” Jeong Lee - University of Mainz



Technical Development Talks at PAVIO6, Milos Island, Greece

International Workshop

From Parity Violation to Hadronic Structure
and more... (Part I1I)

Milos Conference Center George Eliopoulos
16-20 May 2006
Milos Island, Greece
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4 talks

* "Laser Compton Polarimetry at JLab and MAMI" - A Status Report
Jurgen Diefenbach - University of Mainz

* "New Methods for Precision Moller Polarimetry”
Dave Mack - Jefferson Lab

- "Special Requirements to Polarized Sources during Parity Violation Experiments”
Kurt Aulenbacher - University of Mainz

» " Controlling Helicity-Correlated Asymmetries in a Polarized Electron Beam”
Kent Paschke - University of Massachusetts



Summary of Technical Development Talks at PAVI

Technical Talks at PAVI
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Technical Requirement Drivers
Aneas = Pe (1_ f ) Aphys (QZ) + f Aback + Afalse

Statistics:

- Small counting statistics error (I',,,) (need 10" - 10" events): » T . o L

- reliable high polarization, high current polarized source o IN
* high power cyrogenic LH,/LD, targets
* large acceptance high count rate detectors/electronics

While minimizing contributions of random noise from
_ 2 2
1_‘stat o \/ 1—‘count +1

electronics

- target densi ' +T,,
get density fluctuations (T'yqpget) target

- electronics noise (in integrating mode) (I',;.ctronics)

Systematics:
* Minimize helicity-correlated beam properties (A¢ys.)

» Capability to isolate elastic scattering from other background processes
(dilution factor f, background asymmetry A,..)

- High precision electron beam polarimetry (P,)

* Precision Q? determination (A, Q%)



SLAC E122 Experiment - Pioneering PV e-N Experiment

Charles Prescott and collaborators:

%ﬁm_ —— _:-L,-J NP V4 N2 .. 1¢ rov?
e "Finally, parity-violation in the neutral currents was

discovered at the expected level in electron-nucleon
scattering at SLAC in 1978, and after that most physicists
et took it for granted that the electroweak theory is n
| essentially correct."

= Steven Weinberg

"The Making of the Standard Model"

on the occasion of the CERN

30th anniversary celebration of discovery
of neutral currents AND

20th anniversary celebration of
discovery of W/Z bosons
hep-ph/0401010
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- Accurate measurement and control of beam properties
(applied corrections procedure for helicity-correlated beam properties)



Precision of Parity-Violating e-N and e-e Experiments:

Past, Present, and Future

Technical progress over three decades since E122 has lead to smaller measured
asymmetries and smaller absolute and fractional errors on the asymmetries.

Statistical errors:

* higher beam
currents

* higher polarization
- denser targets

10:*

107°

10—10

* Pioneering Experiments
e Strange Form Factor (1998-2006) E122
¢ S.M. Study (2003-2005)
* |lab 2009-2010

e |Lab 2014+
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Normalization
systematic errors:
* polarimetry
- Q% measurements

Figure from
K. Paschke

"Additive" systematic errors: improved control of helicity correlated beam properties



"Modern” Overview of Parity-Violating Electron Experiment

Polarized source

polarized I:l
source ’

Moller
detector

hydrogen
target

spectrometers

data
acquisition
& control

deteétor_s_r

___________________

| 1! Steering Coils

| @ Position Monitors |
! — Intensity Monitors |

____________________

Basic layout is the same as E122; we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



| Polarized Electron Sources
Polarized electron sources are based on photoemission of electrons

from GaAs; circularly polarized incident light leads to polarized electrons
— "Bulk" GaAs; theoretical maximum P, = 50%; typical ~ 40%
— "Strained" GaAs; theoretical maximum P, = 100%; typical ~ 70-85%

Challenges: maintaining high quantum efficiency and lifetime
— requires proper preparation UHV/EHV conditions

15 conduction band 12 ,J:’ photocathode

circularly anode

polarized R TT.
Laser— 4| (mli

E,=143eV ..
-
780 - 850 nnl- !
-3/2 valence band 3/2

rain

12 —— ——+1/2 T

il
Polarized source overview talk: Kurt Aulenbacher




Evolution of Photocathode Materials

Strained GaAs: Superlattice GaAs:
Bulk GaAs GaAs on GaAsP Layers of GaAs on GaAsP

100 nm
100 nm
sired T

. . "conventional” material No strain relaxation
High IQE "';0 to QE ~ 0.15% QE ~ 0.8%
Pol ~ 357 Pol ~ 75% Pol ~ 85%
@ 850 nm @ 780 nm

Superlattice reference; T. Maruyama et al, Appl. Phys. Lett. 85, 2640 (2004)



Other Polarlzed Source Developments (JLab)

S T M,
RF locked low-power
1560 nm fiber diode

§ 2088 gmedd
(2007) CEKMS laser!

780 nm

PPLN NQ [

O B
iﬁ) Fiber Amp

b 50|
Bias Network
% DC Current

. * o NN GF NERY R

1.56 um

| High power 1560 nm
29| fiber amplifier'

Non-linear frequency
Bl doubling converter for
Bl 1560 nm to 780 nm

Polarized guns:

Previously used single cathode
("vent/bake") guns

-since 2007 load-locked system

Currently working on increasing high
voltage of guns (100 kV — 200 kV)
(partly for ILC development)




JLab Polarized Source Performance for Parity Experiments

HAPPEX-1l 2004 run Compton Polarimetry

100

PP, [%]

80

70

60

Gun 3] superlattice

|Py=88.4201222% |
|Pe=87.1+0.1x3.0% |

® electron analysis

@ photon analysis

Gun 2| strained GaAs

|Py=756%02%1.9% |

[Pe=74.2+02+26% |

o Hall A Compton Polarimeter Preliminary data: HAPPeX-H
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Run #
Experiment

HAPPEx I (1998)
HAPPEx I (1999)
6° forward (2003)
HAPPEx II (2004)
6° backward
HAPPEx ITI/PREx
Qweak

Superlattice - very stable polarization
- no apparent correlation with QE

Current, beam polarization

95 },lA @ 370/0
40 LA @ 70%
40 HA @ 74°/o

20-60 pA @ 85%
100 uA @ 85%
150-180 uA @ 85%

This is the statistics part of polarized sources - what about systematics?
Parity experiments lead to additional Ms technical challenges here.




Helicity Correlated Beam Properties: False Asymmetry Corrections

N : [y AP =P, - P.
Ameas = Aphys T ZW((?_P,)API Y = Detector yield
1I=1

(P = beam parameter
~energy, position, angle, intensity)

Example: -1(22)~1,0 %/mm, Ax =100 nm
Afalse - (aY )AX ~10 - _1ppm

Typical goals for run-averaged beam properties

_:_ <1ppm Position: AX, Ay<2-20 nm
+ 1

I
Intensity: A, = I+

+

AP=P, —P :> keep small with feedback and careful setup

2%( (g\g) —— > keep small with symmetrical detector setup




Polarized Source Systematics

The heart of the parity experiments is the Pockels cell - electro-optic ch sTaI
used as a quarter-wave plate to produce circularly polarized light — [EEEEEFes

- =

......

Positive HV (~ 2500 V) — RCP light — positive helicity electrons g |
Negative HV (~ -2500 V) — LCP light — negative helicity electrons i

Change between these two states at ~ 30 - 120 Hz rates o Ria A

&
.
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.
-
.

s . et
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—ideally no other property of the laser beam changes under this r'ever'sal
In practice:

— Laser beam gets helicity-correlated position and angular differences
— Deviations from pure circular polarization lead to helicity-correlated
intensity, position and angle differences

specialized
optics
laser
orkels celf \,
" =L \____ polarized |
J electrons
-
N L Accelerator
1alf-wave plate




Example of Helicity-Correlated Pockels Cell Effect

Pockels Cell acts as active lens

due to piezoelectric effect

High voltage positive

High voltage negative

Study effects using segmented

photodiode in laser lab to look at

helicity-correlated position shifts of

X position diff. (um)

Y position diff. (um)

laser beam

Red, IHWP Out

Blue, IHWP IN
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0.2E o4 o4E [+E3

Translation (inches)




Pockels Cell - Effects from Imperfect Circular Polamzcmon

The dominant effects arise from imperfect

circular polarization.

L/R states have small orthogonal linear
components —

optical elements transport differently
—intensity differences

("PITA" effect - polarization induced transport

asymmetry)

8: ‘s=——;'~
perfect C) x 9‘*

Left Right

Tzs +-b Ys:-%—f_\
imperfect Cj/%ox 453@\—‘:}) X

Leads to large large helicity-correlated

Worse: Quantum efficiency of strained GaAs — laser intensity (and POSiﬂO”) differences

crystals varies with linear polarization
direction!

)

AQE/QE (%)
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40 L | | f | I
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[ (N R —
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Aq= -7.98 + -1211.75 sin (2x+ 75.52) + -3151.04 sin (4x+ 158.47)

i

Beam Charge Asymmetry




Control of Helicity-Correlated Beam Properties with Feedback

One strategy for reducing the helicity-correlated effects is to use feedback:

» accurately measure helicity-correlated intensity and position/angle differences
in real tfime in the experimental hall

» Correct by applying helicity-correlated signals to optical devices on the polarized
source laser table

Example of feedback technique from G° forward angle run
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® Time (hrs)
Position differences: control with
mirror in piezoelectric mount

g 7 8
Time {hrs)
Intensity asymmetry: control

with Pockels cell/polarizer based
“intensity throttle"



Reduce Helicity-Correlated Effects with Careful Setup

HAPPEXx collaboration has done significant work on understanding the origins of

these effects and developing techniques to minimize them at The Pockels cell

(see Gordon Cates talk)

Using techniques based on these studies
impressive results were achieved in

HAPPEx IT (2005)

Run Averaged:
Energy: -0.25 ppb
X Target: 1 nm

X Angle: 2 nm

Y Target : 1 nm

Y Angle: <1 nm
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"Modern” Overview of Parity-Violating Electron Experiment

Polarized source

polarized I:l
source ’ CEBAF
/_\

Compton

target J
Compton
detec[t)or o% Accelerator

Moller I /5 Molle

detector 4 target ! /
hydrogen
target ° \\“ )
.____"_———-3-. Y V

spectrometers
p data

acquisition
& control

7

deteétor_s_r

___________________

| LI Steering Coils
. B Position Monitors |
! — Intensity Monitors |

____________________

Basic layout is the same as E122; we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



Accelerator Beam Transport for Par'l’ry Experiments

Linear beam optics ina perfectly tuned machine can
lead to reduction in position differences from the
injector to the experimental hall.

Po
P

From 100 keV injection energy
to 3 GeV at target, one expects /BG—EV ~
helicity-correlated position 335keV

differences to get smaller

X, X" oc “adiabatic damping”

The ability to achieve this reduction in practice is
limited by how close the tune of the accelerator is to
the design tune (due to imperfect magnetic elements,
coupling between x and y directions, ...)

— a bad match can cause the “ideal” position difference
suppression factor to be considerably reduced

angle

Lower Energy

‘ Higher Energy

position
>

Good match




Optimizing Accelerator Beam Transport for Parity Experiments
Major work invested to optimizing beam transport (Yu-Chiu Chao)

* "Matching” the beam emittance to the accelerator acceptance realizes damping,
- Well matched beam => position differences reduced.
* Poorly matched beam => reduced damping (or even growth).

- Accelerator matching (linacs & arcs) routinely demonstrated.

* Reduction factor of ~ 5-30 observed during HAPPEx-H

ne X-BPM (mm) . “2IY-BPM (mm)
without
X-PZT
(Source) TP
w2 Y-BPM (mm)
LR
Y-PZT
(Source) cg Vg
il 1C-Line




Use the Accelerator for "Slow" Helicity Reversal
“Slow" helicity reversal often done with an insertable half-wave plate

Pockels | insertablel Strained GaAs
Laser Cell | A2 | cathode

— -
L= = d 1% analyser
Plate In/Out: Flips Asymmetry Sign

but it can also be done with g-2 spin reversals by changing the accelerator energy

122 E158

o
1
o | |
X
55 _ |
o /N N
/ \\ !_f \ 48 GeV HWP IN -151L.5 + 547
\
(}-l / \\ ,f., + \
S [ , e
8 \ ! Linear _" > - 48 GeV HWP OUT -170.8 + 50.5
= \‘1 !r Bprec Accelerator '
o 0 { f f -
o S T\ 6r | 7 (nd) ——i
a® \ / 45 GeV HWPIN -181.4+ 394
~ | \ / |
& \
5 \ /
<< \ fa’ [——
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"Modern” Overview of Parity-Violating Electron Experiment

polarized I:l
source ’

Accelerator

Moller
detector

hydrogen
target

spectrometers data
acquisition
J & control
4

deteétor_s_r

___________________

| LI Steering Coils
| @ Position Monitors |

! — Intensity Monitors |

____________________

Basic layout is the same as E122, but we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



What could go wrong? go wrong? go wrong? go wrong?

During our G° run, we observed "leakage beam" from the other two
hall's lasers (which had a repetition rate of 2 nsec instead of the
32 nsec G° repetition rate.) at the ~ 107 level

Problem: the leakage beam had ~ 540 ppm charge asymmetry!
Solution: correct using the data in TOF regions where there are few
G’ events. (ultimate correction was small: 0.71 + .14 ppm).

-

Il IIII[ I f|||I|1| T ||r||r|| I IIIFHI]

Yield (kHz/uA)

—
nl

normal ToF

Leakage
0 20 40 60 80 100 120
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ToF(1/4ns)



Electronic Cross-Talk of the Helicity Signal

During HAPPEx-He run, abnormally large position differences were observed.
All's well that ends well

X Angle BPM diff_bpm4ax
- s HWP Out * Problem clearly identified
0.6:_ s HWPIn as beam steering from
0 4—_ electronic cross-talk
. = * No helicity-correlated
0-2: electronics noise in Hall DAQ
S -0 at < ppb level
o -
9 23_ - Large position differences
g -0.2 ~cancel in average over both
-0 4 detectors
-0. 6;_ I:;‘w ALL Asymetry : :xz Eut
0 /20 40 60]80 100 120 _ o 00
(=8 _5; 1
I S Hig
Helicity signal to Helicity signal to '105} i | I i %
driver reversed driver removed A5
0 20 40 60 80 100 120

Problem: Helicity signal deflecting the beam through electronics “pickup”

Large beam deflections even when Pockels cell is of f



"Modern” Overview of Parity-Violating Electron Experiment

polarized I:l
source ’
| CEBAF >

Compton "
target f‘

o I

i \/ Accelerator

’ N target| | [\ ° Beam position/intensity monitors
é | / * Beam modulation coils
; AN
data
acquisition
& control

deteétor_s_r

___________________

| LI Steering Coils
. B Position Monitors |
! — Intensity Monitors |

____________________

Basic layout is the same as E122; but we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



Beam Instrumentation - Microwave Cavity Monitors

Microwave cavity monitors: used at SLAC and at JLAB at the urging of the parity groups.
Electromagnetic cavity resonant at the accelerator RF (1497 MHz at JLAB).

TMyo — measure beam intensity

TM;;; — measure beam position

a)
Cavity Coupling loop i:;.
» TM RO '
Resonator | o = o .._.-'h!..l_“ i
— M, ¥ -

Beam Trajectory ;

\  dx X
................................................................. LA !:_-

. Beam Tube Drive region

Beam line

Possible beam spot size monitor for future? (Dave Mack, JLAB, proposal - three cavity
scheme based on existing JLAB "pillbox" style cavities)

Upcoming experiments could start to have sensitivity fo beam spot size modulations

) )
D o

TM310 TMOIO TM310

H!\

i




Beam Monitoring Devices - How Precise Are The

E 1 5 8 Position

at SLAC Angle Wire Array

BPMs 2 pairs of
Toroids

Thermionic Gun Dithering Coils Dispersive BPMs |
for x,x'v.y'

3 BPM's, 2 Toroids :
S Momentum
1GeVregion 48 GeV region Defining Slits

Polarized Gun
Can compare measurements from neighboring identical devices to
separate "beam” noise from intrinsic "beam monitor" noise:
need precise beam property monitoring to minimize helicity-correlated beam
property differences and correct for any remaining differences.

Il - - ™ T g 3 18— - - — - —_— - —
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Tl 3 | 20 Gy w0
E [ = ol X - Agreement (MeV)
g‘ o : ‘"‘; ) < 0OF
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o | | L
e f. mE 1 MeV
% | _- | wf Oenergy €
Cioroid ~30 ppm | ' Ogpy ~2 Microns :
15! | 60—
q.:a a8 05 0 05 1 15 Fl R KT 5D o 50 100 180 B
Toroid 1 Asymmetry (%) BPM41 X diff (um) 80 &0 40 20 0 20 40 60 B0

BPM12 X (MeV)



Beam Modulation

Air-core steering coils are used to rapidly vary the beam position and angle at
target in “coil-pulsing scans” to measure the detector response to beam parameter
variations - '

Example from 6° experiment:

Measured yield slopes

Slopes vs octant: Detector 1

x2lopes » NBMOUT

Qs m Lol u

Eu:: i ; ¥ m Coil N %,,: _i i‘(jj_;(%/mm) z
: o ' S :
T oLovg, by 8 :

o Y OX (% /mm) ; {,_ i é




"Modern” Overview of Parity-Violating Electron Experiment
polarizedl:l
source ! CEBAF >

/\ ° Beam position/intensity monitors
/ - Beam modulation coils
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Beam polarimetry
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____________________

Basic layout is the same as E122; we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



Electron Beam Polarimetry

Compton backscattering: boost laser photon energy:
can be done non-invasively

E+y —>e +y)
e Y

qw detector —

'Y detector

Compton
detector:

Moller scattering: scatter polarized electrons from
polarized electrons in an iron or iron alloy foil
invasive and only useful at low beam currents; best absolute error

E+6 o>e' +e

In each case, polarization is determined from QED calculated analyzing powers.

For future: Moller polarimetry with atomic hydrogen targets (Chudakov)
— would allow for continuous, high current Moller polarimetry

Polarimetry talks: Eugene Chudakov, Jurgen Diefenbach, Wouter Deconinck



Example - Kicker Magnhet for High Current Moller Polarimetry

Hall C Moller polarimeter:

Pure iron foil polarized out of plane using 4 T field from solenoid
Limited to ~ 2 uA beam current due to need to keep foil heating
effects (and hence target depolarization) low

Systematic error on Hall C Moller ~ 0.5%; would be nice
to transfer this to higher beam currents

Idea: "kick" the high current beam for short periods onto a
Moller foil strip to minimize target heating at high current

o

o
Py
S
P
[}
o
@
3

1 um foil

0.1 to 10 ms (10 kHz to 100 Hz) X/ ndf 4M.09 [ 19

P1 78.82 + 0.2918

' ll '* +h
o

! |

A

Kick (1-2 mm)

(o]
o

T++' +T 1
2 uA, 4um foil, no kicker
2 uA, 4um foil, kicker on

2 uA, 1um foil, kicker on
10 uA, 1um foil, kicker on

~J
o
I

20 uA, 1um foil, kicker on
40 uA, 1um foil, kicker on

Measured Polarization (%)

‘10|20|30‘40‘50
Current (uA)
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Beam Polarimetry - A Cautionary Tale from SLC

SLC had Compton as primary polarimeter, but could cross compare with
Moller polarimeter. (1994)

Linac Mgller Polarim eter

nm
Frequency Doubled
____,.-\(YAG Laser
Mirror P
Box Ty ]
if )
- " Pockels Cell
ol Left or Right Circularly
‘r Polarized Photons
Focusin
- and
J_,s/ Steering L
Mirror Box
—. .~ (preserves circul
- s ]’ polarization)
Ed —
Laser Beam Ve & & :
Analyzer and Dump \ ™ omp
/ td ", Back Scattered
“Compton [P” — Analyzing < Cerenkov
— < .o 5 Detect
Bend Magnet
“.__ Proportional
Tube Detector
12585BA3 catters
P,=800+09+3.4% P,=65.7+0.9%
e L] — L] — L] o e L] — ) o

P,=69.0+0.8+29%
Levchuk effect: importance of target electron motion effects
depends on acceptance  (Levchuk NIMA345, 496 (1994))

Upcoming experiments (12 GeV Moller) need ~0.4% precision polarimetry:
ideally one would have two redundant polarimetry techniques at this level.



"Modern” Overview of Parity-Violating Electron Experiment
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Basic layout is the same as E122; we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



Examples of some High Power Parity Violation Cryotargets

heat
exchanger

G% 20 cm, 500 W @ I=40-60 pA E158: 150 cm, 700 W @ I=12 pA

Target overview talk:

" Beam Power vs Current for Selected Targets
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Target Density Fluctuations - "Target Boiling"

I

stat — count

VT2 +T

2
electronics

2
+ Ftarget <<T

count

want Ftarget

Example from G° target: use “luminosity monitors" (small angle Cerenkov detectors)
- smaller I',, to increase sensitivity to 'y,

qrts

10

Lumi random fluctuations increase as beam

| LUMI1 asymmetry histograms |

raster size

2
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Vary beam current - deviation of lumi
random fluctuations from 1/sqrt(I) line
measures target density fluctuations

For 6° target:
1_“rar'ge‘r ~ 238 ppm « 1_‘coun‘r ~ 1200 ppm



Lo = \/

Target Density Fluctuations -

Advantage of Higher Data-Taking Rates for Future Experiments

FZ

+T°

counting

target

We can reduce the relative contribution of the
density fluctuation term by going to higher
data-taking frequencies (increased I'c,ting)
assuming [, €ither stays constant or
decreases with frequency. The data here
indicate that the boiling term drops with

frequency as f 4.

Completed

Expected

Experiment

G° (30 Hz)
E158 (120 Hz)

Qweak (250 Hz)
12 GeV Moller
(2000 Hz)

r

target

238 ppm
<65 ppm
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® ~10uA
® ~20uA

~40uA
® ~B0uA
®~80uA

!

| |
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200 400 600 800 1000
Data-Taking Rate (Hz)
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count

1200 ppm
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Lead Target for PREX

208 Successfully tested at 80 #A
N Liquid Helium
Q N Coolant
T —~
N
12 / beam \vz\l
C '\i—_—_\,\

Diamond Backing:

® High Thermal Conductivity
* Negligible Systematics




"Modern” Overview of Parity-Violating Electron Experiment
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€tectors, spectrometers, and electronics

Basic layout is the same as E122; we will use this as our basic roadmap to the
technical developments. Examples will be drawn from many labs (SLAC, JLab,
MAMT) and experiments.



Examples of Detector Technologies

HAPPEX: “ep” ring
brass/fused silica :
calorimeter

“Mgller” ring

E158:

copper/fused

& silica calorimeter;
B 100 MRad dose

Qweak: Cerenkov detector A4 calorimeter:
made of 1 meter fused silica bars array of 1024 PbF, crystals




Purpose-built Magnetic Spectrometers

G° superconducting toroid

weak Toroid

E158 spectrometer: recycled 3 dipoles
and 4 quads from 8/20 GeV spectrometers

collimator primary & scattered gollimator detectors

/I}uz:‘m‘ i o e S 1
_____ 7 IO =01

M(;Her;::— > Oim

/L
i

di]lJfoles S » “quadrupoles :

12 GeV PVDIS solenoid concept:
(recycle magnet from BaBar,
CDF, or CLEO IT)

Solenoidal detector tor PVUIS at high x

S300

200

100




Electronics (Pulse Counting) - A4 Custom Electronics

A4 high rates, large (1024)
segmentation — energy histogramming

Analog real time event

processing/histogramming -
sum central crystal and eight neighbors

analogue Real Time Event Processing, analogue Bandwidth ~ GHz
Network: analog: 8 digital: 24
FIFO pipeline, 50 MHz, Histogramming using PGA

Dual Port Memory in VMEbus, 256 kbyte per Channel

256 Mbyte per 5 Minutes, 20 Frontend CPUs

Experiment Control, Readout and Online-Analysis
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Electronics (Pulse Counting) - G° Forward Custom Electronics

* Custom electronics designed to provide high-rate time-of-flight histogramming
* NA: mean timer — latching time digitizer — scalers (1 ns)
* French: mean timer — flash TDCs (0.25 ns)

- Time histograms read out by DAQ system every 33 msec

Time of Flight measurement

PMT Lefi Mean

From Timer
PMT Right . . .
Time histogramming NA LTD crate (1/2)
PMT Left JET
BRCk - | Timer Tim: lution
2so;sm7?ns g
=== = SRR T
‘310000—
anuo_— plons ﬁ .
- L .
A= fa e = ' v
2o \ | 5 J i §U6\ T French DMCH16
- H_/;wa SEE e e : Module 1/8
% 20 s/ s oo 2 ] f E 2q : 12
/ channel (0.25 ns ) 2 h ”9 E U i E )‘L’Jrll ot 3 lej
g 0L %4 W R 3 L IS ]
: I 13 ? ho1al m{' 15 f T
. iy 31 3| 3
elastic protons -JL’L._ Mﬁ )

. ) 8 x 16 = 108 histograms recorded at 30 Hz
inelastic protons



HAPPEx I/II
electronics:

entire chain
on VME module

Qweak

Electronics (current mode)
Current mode experiments require low noise amplifiers and high resolution digitization

i nalog inpul

L4

e HAPPEX

1000 K [ i

“c\lﬁuﬁn lix_h: : ":_"K 16 bw ADC.
oK V/ o : i <
woonlg J‘:\.’icF ) l/ ! ﬁ 200 #Vname
LA Summing Ampliier

U e : - Differance Amplifier

Bassline Sample-and-Haold

IZ> Sampie/hold E> Difference IZ} ADC chip

integrator

PMT > preamplifier > ADC

electronics : : Run 182: Channel 8, Input voltage = 4.823 V S T —
20pe. 50,000 & ; i i
per avent per egvent 1M 1Y : % S"‘fm 2201000
! L f E 10 g_ Constant 13420404 £30
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; I\ i | vME digital 2
; | integrator te 210°E
: I/ [ | E [
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x2000 | : 4 £
- RMS =22 ppm
asvm
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in shielding outside hall = AV=I11.1uV
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:,ﬂ .l.,..\..;,la.llnx‘lda

B 0 5 10
Quartet asymmetry in channel 8 ADC readout

VME integrator —
18 bit ADC sampling at 500 kHz
FPGA sums 500 samples into one dataword I, .~

same resolution as a 26 bit ADC ppm

2 ppm « 1_‘coun’r ~ 144




Q? Measurement
A <« Q> — absolute Q° measurement needs to be done precisely (tfo ~1% or better)

HAPPEX: use existing capability of HRS spectrometer
|

(]

on Left Spectrometer | LeftHRS

S000 E Entries 100882

- Mean 0.09487
4000 RMS 0.01862
3000
2000 —
1000 , )

= Q" (GeVic)

C 1 TR SN ST TN TN (S S SN N [N SN (NN S (S f_—1 PR S T -

&ﬂz 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2

Qweak: Building dedicated
system with three sets of
tracking devices

. ° i
Region 1: GEM Region 2: HDC  Region 3: VDC



Technical Talks at PAVI 2011 or 2012?

Given the experiments that will run or be designed in the next 2-3 years, here
are some possible technical development talks you might hear at the next PAVI.

Qweak
* High power (2500 watt) target performance

* Moller polarimetry at high beam currents with kicker magnet
« Cerenkov detector performance
» Tracking system performance

PREX/HAPPEXIII
* Wien filter slow spin flip
* Lead target performance

6 GeV PVDIS
* High performance fast pulse counting DAQ

12 GeV Moller

- Novel 2 toroid spectrometer design
» Computational fluid dynamics design of (4600 watt) target

and many others I'm sure I've forgotten.



component side:

Summary

AL Radiation hard detectors

GoAs SOURCE

G,
TO ELECTRONICS =~ g
1978: E122; I ’

A = - (152 + 26) ppm _

Low noise precision
electronics

Magnetic Spectrometers
Vi

CEBAF

Moller —f ¢ Moller
detector targel

s e e Ayf
spectrometers N a
d?li‘f@
Steering Coils

2005: E158;
A =-(131+17) ppb

30 years of technical progress: ppm — ppb - looking forward to what's next!



