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Q°..« Measures the electron beam helicity correlated asymmetry in the number of elastically

scattered electrons from protons in a liquid hydrogen target at very forward angles,
corresponding to a momentum transfer of 0.03 GeV 2, to extract
the weak charge of the proton.
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New Physics

Measurement
W
'5)‘?
e
—.—I—.—
o
= (1 — 4 sin H'W) Tree Level X,
W
‘ e,
- (1 — A% sy sin’ t?w) + A, * >
u'L

SUSY

P =1 5{} ulf op
Non tree-level modifications (SM)

— New physics modifications (SUSY)

SM
Kpy =140 40K
Kurylov, Musolf, Su Phys. Rev. D 68, 035008 (2003)

Ap=14080" 48X




The corrections .5,0 , Sk , S\ are g’ dependent.

@4_ Defines scale dependence.of the weak mixing angle:
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The running of the weak mixing angle from high to low
energies is a SM prediction with minimal ambiguity.

A significant deviation would require new physics.



Estimated Uncertainties

AA/A, AQ,/Q,
Statistical (2200 hours) 1.8% 2.9%
Systematic:
Hadronic structure uncertainties -- 1.9%
Beam polarimetry 1.0% 1.6%
Absolute Q2 determination 0.5% 1.1%
Backgrounds 0.5% 0.8%
Helicity correlated beam properties 0.5% 0.8%
Total: 2.2% 4.1%

An additional uncertainty associated with QCD corrections applied to the
extraction of sin%6,, : it raises Asin?6,, / sin%6,, from 0.2% to 0.3%.

10

Momentum transfer selection is
based on event rate maximization,

g asymmetry maximization and
>C_> minimization of hadronic dilution.
0
n% 4.1% measurement mass sensitivity
at 95% confidence level:
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Experiment Component Details

Main Detectors

R-3 VDC

Target

GEMs
Pb Shielding

Lumis

R-3 Chambers &
#Rotation System
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Production Mode: Actual asymmetry measurement
180 uA electron beam, high detector rate, current mode readout

Calibration Mode: Background and Q? determintation

Low current (~ 10 nA), low detector rate, pulsed mode readout

The Qweak Apparatus
(Calibration Mode Only - Production & Calibration Modes)

Quartz Cherenkov Bars
: : (insensitive to

Region 2: Horizontal non-relativistic particles)
drift chamber location

Region 1: GEM
Gas Electron Multiplier

New Quartz
Scanner
Q? determination

\ Mini-torus
j f

E,. = L165GeV S

I, = 180 pA

Polarization ~B5%

Target = 2.5 KW Lumi Monitors

Region 3: Vertical
Drift chambers

Collimator System

Trigger Scinfillator




Collimator/Detector size and position studies
(JLab, VT, U. Manitoba)

Together with the main magnet and the “mini” [_detector hits atz=570 m _|
torus, the 3 collimators have been designed to “20r ..
focus only the elastic electrons onto a detector e : '
size and position that is optimized for: ?::zz_ —o03
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Central scattering angle: ~8.4° £ 3°
Phi Acceptance: > 50% of 2n
Average Qz: 0.030 GeV?
Acceptance averaged asymmetry: -0.29 ppm
Integrated Rate (per detector): ~801 MHz
Inelastic/Elastic ratio: ~0.026%

Fused Silica Bars

(synthetic quartz) |

Magnet Coils

In-elastic Events
(beyond detector)

Black region in center
is Ph shielding

Elastic Events
(in focal plane)




Beam / Source properties for Qweak

Qweak needs high polarization at high current (This is new, but...)
Solutions: Install fiber-based laser for high power and reliability
Install install load locked gun to facilitate the rapid

(hours rather than days) exchange of photocathodes
without the need for bakeout.

Beam polarizations of 85% are now typical and 80% can be guaranteed.

Parity Quality:

Qweak requires run-averaged
helicity correlated

position asymmetry: 20 nm
current asymmetry: 0.1 ppm
HAPPEx 2004 and 2005 runs

achieved 1 nm and 0.1 ppm
respectively




Helicity Correlated Beam Properties: False Asymmetry Corrections (D. Mack)
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(P = beam parameter ~ energy, position, angle, intensity)

AP;=P,, — P,_ [ > keep small with feedback and careful setup

1 Y
. > keep small with symmetrical detector setup
2 \ 0P,

Use luminosity monitors to check for helicity correlated beam
parameter corrections: (Riad Suleiman, Virginia Tech.)




“QTOR"” Spectrometer Magnet
U of Manitoba / TRIUMF / UNBC

* 8 sector toroidal magnet
« water cooled copper coils
9500 A, 1.5 MW maximum

* 4.3 mlong, 1.5 m wide coils,
simple racetrack shape

« ~3300 kg per coll

* Field mapping with TRIUMF
field mapping equipment.

IB ldl =0.89 T.m

TRIUMF field mapper used on G zero



All magnet and stand parts are now at MIT/ Bates

- assembly started at MIT

 power supply ordered
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 power-up October 2007
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* deliver to JLab in 2008




Detector Design (JLab, U. Manitoba, TRIUMF)

* Sensitive only to elastic electrons Insensitiveton's, n's, and y's (simulations underway)

* Operation at counting statistics Need > 10 photoelectrons (sims. Predict ~40 pe's )
Signal undiluted by showering, spallation, etc.
PMTs out of the scattered beam envelope

* Stable performance Mechanical integrity and optical transmission are
rad-hard
* No pathological bias in Q? Q? preferably uncorrelated with detector (x,y)

If correlated it must be straight forward to simulate
(simulations under way)

Tasks completed or well under way:

* Detector size and position studies Optimize for maximum rate / minimum background

* Detector thickness studies Optimize for maximum light yield / minimum noise

* Detector tilt or rotation angle studies Optimize for maximum light yield / minimum Q? bias

* Soft photon background studies How many can we expect at what energy (scintillation)?
* Background shielding (pre-radiator) studies Can we shield with a pre-radiator? At what cost (noise))?

* Light guide, PMT position and yield studies How to get the PMTs out of the beam and keep the yield
* PMT base design and tests Gain and dark current optimization, linearity and noise



Soft photon background
The 10 keV to 1 MeV photon rate is as high as the
elastic electron rate !

Photons with E < 10 keV mostly stopped in detector
housing or wrapping.
Photons with 10 keV < E < 1MeV potentially stopped in

the detector.

Photons with E = 1 MeV deposit ~10%.

Photons with E < 10 MeV produce < 30% of electron
Cherenkov light (photon rate is down by 2 orders of
magnitude for E = 10 MeV).
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Soft photons produce a ~1% background which may be
difficult to measure.

Scintillation light yield could get us if the rates are too

high (tests are in progress).
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Detector Size : 200cmx 18 cm x 1.25 cm
PMT + Base Size : 13.5 cm diameter x ~ 40 cm

Space constraint mount PMTs at 90 degrees to
detector surface and mirror
the edges.

All PMTs are at Jlab and have undergone initial
testing

All 19 meter long quartz bars are now at Jlab

Rectangular 18 cm x 18 cm light guides are on
order

Extensive PMT property , quartz scintillation and
QA tests and glue tests have been done or are
underway

Expected date of completion before 12/2008
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| PMT RMS Noise And Counting Statistics |
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MK2 Preamplifier

Chan 1 gain

Offset adjust

‘Wao | _Bm-g =

s gy
ko b 9
nlﬁ !"-" szanlq

Chan 1

xx\lo l"l “f ’IQ:;

14 W 5 *‘lnz ﬁf;arﬁ 226 1;

% K 1'}!&/( !
-'-ﬂ‘*‘ L

o | e B
[ ] [ | N—

i | e 2

e, | TRy 3 K&E‘E"” ﬂns A el
M P— | g 0.5 s - i
Chan2 | mmesea @ el g«%";ﬁ“ s

Wosredd s e

il A, ;0 Al Inm? TRIUMF

L L sl QUEAK
clo.d HAs KL/BR REUI

LQE . *5“!3 oy YA Y
L]

Bt < b "

1
L

c23 5
C20

iXio ous A

MQ Chan 2 gain

» Reduced power supply noise
» Switchable gains



Prototype TRIUMF VME integrator

component side: solder side:
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VME mtegrator tests at TRIUMF

Write

Multiplier [0 0 Q E“““l 0x8000c0
Sample Blocks [f 1
Sample Per Block [f® | !
Gate Trigger Delay [i W unmmm: M

Gate & Clock Src [o=0 | T — e _
cate mquencr I__._I"‘” &—-—_—‘! Iﬁ%
comment Eﬂauuh___——g=====3

FABABABBARBAE

* Analog input range: -10 Vto +10 V
* Front-end ADC: 500 ksps

VI8 | " 4 ms integrals stored as 4 x 1ms
blocks

* Shown here with 6UA current source
and 200 pf cable.



Region 1 GEM detectors (Louisiana Tech/ lowa)

/charg-ad particle
Driftcathode

-

£1mm
£1mm

|1mm

Readout PCB E
300pm

\\\\\\\\\\\\

GEM detectors to arrive at Jlab in January 2009



Region2 HDC Tracking Chambers (Virginia Tech.)

Full size chamber has been build with four active wire planes

Prototype testing to be completed in early 2007

Start production in 2007




Region 3 VDCs and Rotator Mounting (W&M)

e 1stVDC : Apr-June 07
e Testing : July (mainly gas flushing, HV training, first wire signals)
e 2nd VDC: July-Aug 07

e 349VDC : Sep-Oct 07
e 4th \/DC : Nov-Dec 07

Expected delivery to JLab in 2008

U Plane Top Wire Readout

V Plane Top Wire Readout

V Plane Bottom Wire Readout

U Plane Bottom Wire Readout



Quartz Scanner
Prototyping Tests
(U. of Winnipeg)
(U. of Manitoba)

« MCA reads out
shaped pulse height.

* Begun work with
small scintillator
samples. (Plan to
transition to quartz)

* Begun work with
high reflectivity light
pipes.

* Electronics to be

replaced with CFI
funded detector lab.




Summary

« Simulations for Beamline Design (Juliette Mammei, VT)
« Background Simulations (GWU, VT, U. of M. etc...)

« Tracking/Reconstruction Software (B. Stokes, GWU)

« DAQ and Analysis Software (Ohio Univ.)

QTOR Magnet:
 Coil and Coil Carrier fabrication complete - NSERC - delivered to MIT/Bates site.
» Magnet support structure construction complete - Jlab - delivered to MIT/Bates site.

» General purpose 2 MVA power supply under fabrication.
Target:

» Fan prototyping underway. Flask concepts developing. Heat exchanger design underway
 Solutions for achieving the necessary cooling power developed.
 Scattering chamber from Bates “SAMPLE Exp.” being recycled.
» Concept target motion design completed.
Detector System:
* Electronics (18 bit ADC’s and I-to-V’s) in production at TRIUMF.
« All 5’ photomultipliers delivered. All 19 of the quartz bars have been delivered.

* Detailed collimation, shielding and detector optimization/simulation ongoing.
Tracking / Calibration System:

* Region | GEM nearly complete, a version of the GEM rotator built - La Tech.
* Region Il drift chamber testing underway - Virginia Tech.

» Region Il drift chamber stringing getting close - W&M.

« Trigger counter prototype tests completed — OU & GWU

 Region Il rotation system designed and under procurement at W&M - NSF/Va State $'s
Infrastructure:

 Prototype collimator manufactured & measured. Final desgns being tweaked!
» Master CAD layout/installation/integration drawings well developed.
* MOU for MIT work on a Hall C Compton polarimeter making progress.



Thickness Study

Optimal quartz thickness based on excess noise simulations at 0 degree tilt-angle.

QWeak Statistical Error + Excess Noise: 04 =

Modeled as a contribution from photoelectron
noise and shower noise: q)Q Tiel

Shower activity inside the detector increases with detector thickness.
The number of PEs will decrease as the detector is made thinner to suppress shower activity.
The two competing processes lead to an optimal detector thickness which minimizes the total

excess noise.
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Number of PEs

Bialkali Cathode S20 Cathode
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Detector thickness was selected at 1.25 cm




Tilt Angle Study

The optimal tilt angle is based on the excess noise seen as a
function of detector angle and the light yield uniformity as a
function of electron hit position along the length of the quartz
bar, together with the Q2 distribution across the bar.
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Excess noise varies by only ~1.5% over
angle range



Lead Pre-Radiator Study

PLAN B
Can we cut soft photon background using a pre-radiator?

Questions: How thick does this radiator have to be? Can we live with the excess noise ?




104

10°

102

Number of Shower Particles / Unit Length

Simulate various radiator thicknesses and establish an ideal thickness
that minimizes the excess noise while attenuating the soft photons:

Excess noise - a function of
photoelectron yield and shower size
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Figure 11.2 Shower profiles in lead. The number of electrons should be
multiplied by a normalization factor of 0.79. (D. Miiller, Phys. Rev. D 5:
2677, 1972.)

Simulations were run for 8 different setups with the 10000EF
lead radiator thickness varied between 1 and 4 cm.
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A 2 cm lead radiator would produce about 12% excess noise requiring about 370 hours of
additional running time - but keep it in our back pocket if we end up seeing too much
background with beam.



PMT and Base Linearity

small and frequent change in signal . . .
amplitude must remain constant if PMT We a':e interested 'n_the size of any
behavior is linear (measured with SPA — non-linear response in the PMT to
fast oscillations filter out LED drifts 12 { ﬂfﬂ\w small load changes around some DC
g (mean) load:
=
= —D—D\[:l_ﬂ/ false asymmetry If
< AT —]p correlated with helicity
w \ sequence
-y
I~ DC offset with slow drift T
large changes in offset due to — a:zmm-etry dilution
heam current changes etc... otherwise
Time
Al
Measure the differential non linearity, using two AlS /=
’ = Framm, gl MY
LEDs: : o e
One producing a DC offset 5 2| I8 Slope Change
and the other producing a v o A AL
small additional AC change. '§
o
Take repeated measurements of the AC Vpp ke ke
amplitude around the mean DC offset, suing a
spectrum amplifier.
Non-linearity equal to any change in the AC Vpp DC LED + AC LED intensity
amplitude = DCLED mean DC load anode current
Repeat measurements for various DC offsets Als. DC LED switching betweenIZS, + 200 nA

I35  ACLED amplitude ~ 16.5 nA



Low Gain Base Linearity Measurements
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Model-Independent e-q New Physics Sensitivities

From

Asin? Oy (q?) AQy, (q%)
E-:‘.iIl2 ﬁw'(qg) B Q%(qg)

20 -

Q..(p) has astonishing sensitivity at its

particular isospin at 4% Q,(p)
F=.0.078

Asin® 0w (¢?) _ 0.3%
sin” Ow (q?)

A sin? 0w (¢%) = 0.00072

A 1
9w 2, /V2GF|AQY

rs 2.3 TeV

ﬂf(qg) = A + Bsin? Qw(qg) one can derive

P A+ Bsin® Oy (¢?)
~ Bsin? Ow (q?)
Error magnification

factor

Mass Sensitivity vs AQP\ -/ QP\yeak

I Q pWeak proj e

4 QPweak Projected 8% (14 da

:I— FermiLab Run || projected
.3 FermiLab Run |

1 \" 1 v 1 v 1 v 1

\
N 68% CL
N

~\
95% CL™ -

-

SLACEI5S, Cs APV

0

2 4 §) 8 10 12
AQpWeak/ QpWeak (%)



A W/Q" (ppm)

B(Q%0)

E

G (Q%)=p T G (Q°)=u_for Q°<0.025 GeV"

Hemmert, et al. chiral perturbation theory
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Noise Tests

A first pass noise test was performed, using a 280 nm LED and the spectrum analyzer,
at a bandwidth of 50 kHz.

[ PMT RMS Noise (LED) | | PMT RMS Noise And Counting Statistics |
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It is expected that the noise is dominated by shot noise from the fluctuations in the
number of photoelectrons created at the cathode and subsequent dynodes.

1/f noise has been subtracted :

B ; LN
o —‘/ﬁ 2;Iﬂ(1+f) if |

£ f [Hz]

First results suggest that the noise is approximately 20% larger than expected on
theoretical grounds.
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Max run-average

, Physics . Max run-average helicity correlated
Experiment helicity correlated
Asymmetry N Current Asymmetry
Position Asymmetry
Spec Achieved Spec Achieved
1999 HAPPEX-I 13 ppm 10 nm 10 nm 1 ppm 0.4 ppm
G° Forward 2 to 50 ppm 20 nm (4 £4) nm 1 ppm (0.14 £ 0.3) ppm
HAPPEx-He [2004] 3 nm 0.08 ppm
HAPPEx-He [2005] 8 ppm 3nm 20*nm | 0:6PPM 0.1 ppm
HAPPEXx-II-H [2004] 8** nm 2.6™* ppm
HAPPEX-II-H [2005] 1.3 ppm 2nm 1 nm 0.6 ppm 0.1 ppm
} Lead 0.5 ppm 1 nm - 0.1 ppm -
2008 Qea 0.3 ppm 20 nm - 0.1 ppm -

" Results affected by electronic crosstalk at injector.
** Results at Hall A affected by Hall C operation. Spec was met in 2005 run.




Routine Parity Violation
We need: EXperimentS?

» Long lifetime photogun (i.e., slow QE decay)

» Stable injector (especially RF phases)

» Properly aligned laser table, pockels cell (HAPPEx method)

» Proper beam-envelope matching throughout machinefor
optimum adiabatic damping

> Set the phase advance of the machine to minimize position
asymmetry at target

» Eliminate electronic ground loops: isolate electronics

» Feedback loops; charge and position asymmetry

» Specific requirements for each experiment; e.g., 31 MHz
pulse repetition rate, 300 Hz helicity flipping, beam halo <,
etc.,



