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Ancillary Measurement

* For ~2 weeks, Qweak received polarized electron beam at higher than
nominal beam energy

* Opportunity to make an ancillary measurement

* Kinematics tuned to the inelastic region

— Conducive to probing Fll,/gz

 We quickly developed a detector system
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Kinematics
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Radiative Corrections

Including 1%t order corrections, the proton’s weak charge is:

W and Z mass Vertex
renormalization corrections

v

Qw = [(pnc + Ae) (1 — 4sin? By, (0)555 + AL)
+ReOy + ReOyz, + ReO, 4]

\/7 E=0,0%=0

Dominated by large momentum transfer &
can be calculated by perturbative QCD

e- q €- 0 q
Z
I -— - em ==
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v Z-Box

Including 1%t order corrections, the proton’s weak charge is:

W and Z mass Vertex
renormalization corrections

v

Qi = [(once + Ae)(1 — 4sin? 6y, (0375 + AL)

+ReOyy + Redy, + meuy%]\
\/ E=0,0%=0

Dominated by large momentum transfer & Less well
can be calculated by perturbative QCD known
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v Z-Box

1% 3 _
Rislow and Carlson]] ReO,; X 10~ evaluated at E = 1.165 GeV.

0012
' Oldest | sipirtsev et al. [1] 47754
0.010¢ Rislow and Carlson [2] 5.7+ 0.9
> ; Vector + Axial Gorchtein et al. [3] 54+ 2.0
u_;"‘“ 0.008 | -
< 0.006 :
P :
0.004¢ ] iReEl]“,‘Z x 103 evaluated at E = 1.165 GeV.
I i Axaal
0000l : e Oldest Blunden et al. [5] 3.7+ 04
© 0.0 0.5 1.0 1.5 2.0 2.5 3.0 . 4 Carl tos
it (GeV) Newes Rislow and Carlson [6] 4.0 + 0.

*See reference slide
*  Gorchtein and Horowitz showed yZ-box contribution

—  Energy dependent
— Larger than originally expected (~8% of Qﬁ,)
— Uncertainty of correction could affect precision aim of Qweak

* Recent thorough analysis of both axial and vector components
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Z .
F1V 5 Structure Functions

For forward scattering, the dispersion relation is:

co

v 2E . 1 ~ Vi

Using the optical theorem,

yZWuv

~ (PV) _
23mM.,, " = —42mMGp T 022 LW

d3k’ (47w) 1
(2m)32E): \ Q*

where

L =k, D (ggv, - vﬁmys)k’yvu(k, A)
p~p Z . PaPp YA
MW”V — quVZ 4+ FY _ le.[,w)lp FY
vz =9 Ty 2p-q 3

Combining everything, the imaginary part of the correction becomes

a(Q?) vZ s(Qfax — Q%) EYZ
1+Q2/Mz[*  Q*(W2-M%+4Q%) °

S

(S - MZ)Z W2

Qfhax
JImoy,(E") = dw? j dQ?
0

With s = M%2 + 2ME, W;2 = (M +m,)?, and Q4 = 2ME(1 —W?/s)

Hall C Users Meeting 2015
Jan 15-16, 2015

James Dowd



Z .
Fly 5 Structure Functions

(4]

Integral divided into several regions:

e Region | — Described by the Christy-
Bosted Flg fit, transformed to the
yZ case

0% (GeV?)

e Region Il — GHRM Model I,
transformed to yZ

* Region Il — Global PDF fits to high-
energy data

1 Qmax a(Q?) s(Qfax — Q%)
o~ |74 "N — 2 2 vZ max vZ
Imoy,(E") dw jo dQ* — 07/ Bt rawz —mz 1 09) 2
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Non-Resonant inelastic PV measurement

Adelaide - Jefferson Lab - Manitoba (AJM) model prediction¥

— F ;‘
L :. .

Beam Energy = 3.35 GeV _4;'
W =2.23 GeV '
Q? = 0.09 GeV?

— AJM model ]
— GHRM model []

p— L
- _“-.-—-"""'—

Predicted : .
AP, ~ (-7.840.6) ppm 7 i - ?

An asymmetry measurement
. ) YA
will constrain F1y3

02 = 0.09 Gel/?

 Asymmetry measurement lies in the non-resonant inelastic region

* Inakinematic region with almost no experimental data
[4] N. L. Hall, P. G. Blunden, W. Melnitchouk, A. W. Thomas, and R. D. Young (2013), arXiv:134.7877v1 [nucl-th].
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Data Analysis

 Large W leads to large pion background
— Pion and electron signals are integrated together
— Pion dilution is the largest systematic uncertainty

e Elastic ep radiative tail
— Well understood

e Partially transversely polarized beam
— ~37% transverse
— Pions have a large transverse asymmetry
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Signal Extraction

At 3.35 GeV, signals in the Cerenkov
detectors will be a combinationof 1~ & e~

Majority of data was taken with 4” lead in
front of lowest Cerenkov Detector

The lead wall ranges out most of the

electrons.
— ~18 radiation lengths
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Signal Extraction

« At 3.35GeV, signals in the Cerenkov

e > v

detectors will be a combinationof 7~ & e™ 289

C O

] v 8

.. . ” : € v o

 Majority of data was taken with 4” lead in O A
front of lowest Cerenkov Detector

1 20

* The lead wall ranges out most of the 25

(= =+

electrons. 0

- +=

— ~18 radiation lengths e S 8

Detector 7 sees mostly pions
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Lead Wall Simulation

. . Integrated PE Yield
e GEANT4 Simulation

[ Pions
......................................................................................................... Elastic

Inelastic e

Simulated Total

[=}]
j=]
o

e Electron signal is highly
suppressed with increasing
wall thickness

Integrated,PE Yield [kHz/pA]
] i-Y
o [a= ]
o o
.

* Lead wall isolates pions IE T N N e — o — T

 Blocked Cerenkov detector s00C-er ....... .................. ....................... ....................... ....................... ....................... ..........

becomes a pion deteCtor D_i L1l | L1l | L1l | [ - | R | L1
0 0.5 1 1.5 2 25 3 35 4 45
Wall Thickness ["]
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ADC Light Spectra

e Some event mode data taken

— Each event is tracked and

counted separately Light Spectrum of an Unblocked Octant

* Pion rate greater than 3 1ot 4~ Pedestal
electron rate by factor of ~2
10°
* Pions produce less light than
10?

electrons by a factor of ~6

— Electron signal enhanced by lead

. 10
pre-radiators

L n el o ol lanng s 111

1 1
0 50 100 150 200 250 300 350 400
PEs

¢n M
(=]

e Fitting spectra will help us
determine the pion fraction
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Photo-Electron Spectrum Fit

e Fit data with GEANT4 pion and
electron simulations

* Removed electronic pedestal

* Applied a 3 parameter fit
— Pion Amplitude
— Electron Amplitude
— Gain Factor [PEs/ADC channel]

e Simulation under-predicts between
electron and pion peaks

-
o
[

Rate [a.u.]

-
o
(5]

10

107

102

T :
MD2barsum PE Spectrum Fit
YOS SO OO SUTUOROORPP ................... —I— Sca|ed Data {MD2barsum}
—=— Simulated «
—a— Simulated e’
..................................................................... Simulated Total
.................. “U-..I. .................. ...................................................................
WL ........................... ..... w[TI | ol ‘ | | ol
| | iIIN I | I I | “
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Photo-electrons [#]
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Beam Polarization at 3.35 GeV

3
e Data shown % N Main Measurement
— Uncorrected Hl ® SH = -
—  Blinded g ; s °F S
\é/ = 2 ,/ \'\
> [ . s
s 4F AL V-
| g LA
* Main measurement beam polarization £ 9] 4=
— ~0.93 * Pgegm Longitudinal § _E :
— ~0.37 * Pgogm Transverse _25, o ey
1 2 3 4 5 6 7 8
Octant

* Azimuthally symmetric detectors o
Transverse Calibration Measurement

— sE
e Pure transverse measurement beam E R R o
polarization % ME --—-__—-f-’(,.\r)(\l
[ F . \ S
— ~1.0 * Pgpqm Transverse 2 10F o\\ N
e E pret ;
E-15F
) 3 20F
* Note the large transverse pion < E P
asymmetry with opposite sign ! 2 3 * octant ° 6 ! 8

* Octant 7 with lead wall excluded from fit
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Extracting A%y,

Parity-Violating Pion Asymmetry Main Measurement

MD7 _ MD MD E s
AV = PrATPT + P AR g E /f “\\‘
MD7 _ MD7 MD7Y ~ € E e
= Apy —p (Armx — PrA7 ) ~ Apy £ OF Pl T:
L g
2E |
1 2 3 4 Octant 5 6 7 8
Parity-Violating Electron Asymmetry
Apy = (1 — F)AS, + fLA%, Transverse Calibration Measurement
—_ 55 [T ]
Apy — fn gV 5 °F . -
= Apy = = st T AN (\!
1~ fr N i
s Q 10: (ew ;
% N E.wf ¢
Asymmetry result is Hl ® SH 5'2"; 5 -
highly dependent on f, X . 25— p 3 A e
] an

* Octant 7 with lead wall excluded from fit
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Summary

* Pion fraction will be determined by
— Cerenkov detector with the lead wall
— Light spectra in the PMTs
— Monte Carlo simulation

*  Asymmetry measurement at 3.35 GeV

— Constrain yZ structure functions, Flgz

— Part of a small unique dataset
— Relevant for Qweak and upcoming experiments

* Additional measurements that we get for ‘free’
— Non-resonant inelastic transverse asymmetries
— PV asymmetries in pion photoproduction at 3.35 GeV
— Transverse asymmetries in pion photoproduction at 3.35 GeV
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Extracting A%y,

Main Measurement

Parity-Violating Pion Asymmetry

MD7 _ MD7 MD7 £ st S
AMD7 = p AMD7 | p AML g~ <
> b . -~
I TR LA A
ﬁAMD7 (AMD7 P AMD7) ~ PV g o ?(
2 4F
DY i
1 2 3 4 Octant 5 6 7 8

Transverse Calibration Measurement

Parity-Violating Electron Asymmetry =
g 55 e
Apy = (1 — f) ARy + fz ARy iz: —
£ 5 1oF ?(A\"\‘ N\

Apy — fnApy = E .E
= A%, = SRR £ 5

id 1-f1; / \ 5-202 fodod

Hl ® SH 25E ko

1 2 3 4 5 6 7 8

X % Octant
7

* Octant 7 with lead wall excluded from fit
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Non-Resonant inelastic PV measurement

Adelaide - Jefferson Lab - Manitoba (AJM) model prediction¥

Beam Energy = 3.35 GeV —44 _.-': — AIM model

W =2.23 GeV ' N — GHRM model |3

Q2 =0.09 GeV? ]

Predicted _ ; N S ]

AR, ~ (-7.8£0.6) ppm 7 B ;

An asymmetry measurement — 10;‘ Y
will constrain Fl]’/gz 1.5 2.0 2.5 3.0

W (GeV)

 Asymmetry measurement lies in the non-resonant inelastic region 0% = 0.09 GeV?
2,2 172
YA X M 7 1 7
oo (10 ) )

x2y2M?2
xyZFlw + (1 —y — 3&2 )FZW

[4] N. L. Hall, P. G. Blunden, W. Melnitchouk, A. W. Thomas, and R. D. Young (2013), arXiv:1304.7877v1 [nucl-th].
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Noise Correction w/ TDC Cut

Run 17956 — MD triggered

Witness Channel Pedestal Correlation Correlation Fit
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Photo-Electron Spectrum Fit

* Fit data with pion and electron
simulations

* Removed electronic pedestal

* Applied a 3 parameter fit
— Pion Amplitude
— Electron Amplitude
— Gain Factor [PEs/ADC channel]

 Fit matches well

e Simulation under-predicts between
electron and pion peaks

Rate [a.u.]
=)
[}

102 o

10 &

MD2barsum PE Spectrum Fit

;) —®— Scaled Data (MD2barsum) |
| —®— Simulated =
.................... » S'mulate‘d e'

.................. Simulated Total

Photo-electrons [#]
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Available Data Set

*  Asymmetry and Yields
— Main Measurement
— Purely Transverse
— Aluminum and Carbon Targets

* ADC Spectra
*  Tracking Data

«  One Cerenkov detector with Lead Wall
- 4" wall
- 2" wall
— Nominal Energy (1.16 GeV)

® Magnet spectrometer current scans
— LH2
— Aluminum
— Reverse Polarity

. Blocked Octant
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Radiative Corrections

Detected Energy

N

Large scattering phase space can
radiate into our acceptance

/

Ep

jEp max(Es)

Oexp(Es: Ep) = J f smm(Ep)
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Simulated I\/Iomentqmjjh:a_pj%

I8 NS NN S N —+— & on LH2 - Inclastic
* Magnet current selects outgoing ST SRS N B —F— ¢ onLH2 - Elastic
=t —@— 7w onLH2
momentum s E 5 .
* Simulated signal fractions at 5 £
various magnet currents =
= P
_ At 9000 A inelastic Signa| iS g_r ...... ’ ........ * ........ ’ ........ ¢| ....... P T ....... * l .................... l .................... l ......
maximized at ~25% of total signal 00 000a “Magnet Current 9000 A

— At 9000 A elastic signal is minimized

Detector with 4” lead wall

e Most data taken at 9000 A
magnet current

+ e on LHE Inelastn:
—4— & on LH2 - Elastic
—8— w on LHZ

e \Wall attenuates most electrons
— ~95% signal comes from pions

Signal Fraction

0.0 =4 ' o e
2000 A Magnet Current 5600 A
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Proton’s Weak Charge

At tree level, the proton’s weak charge is:

Ql, =1—4sin? 0y, = —2(2C;y + C1g)

The Qweak experiment goal is to measure Qﬁ, to ~4%
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Qweak Apparatus

Quartz Cerenkov Bars ]

Egeam = 1.165 GeV
Q? ~ 0.025 GeV? \ |
6 ~7—11°
Current = 180 uA
Polarization = 89%
Target = 35 cm LH2

Cryopower = 3.0 kW

Horizontal Drift ]
Chambers r

Electron
Beam

Target Vertical Drift

Chambers

[ Collimators ]

Toroidal Magnet ]
Spectrometer
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