PVDIS at 6 GeV JLab

Xiaochao Zheng
University of Virginia
June 23, 2009

* Motivation
@ E08-011 at JLab 6 GeV (focus on updates)

? Summary and Outlook

X. Deng, R. Michaels, K. Pan, P. Reimer, R. Subedi, D. Wang

7 UVA



Electroweak Interaction — The Standard Model

@ Weak charged currents given by a SU(2) group with weak isospin T;

? The weak neutral current (NC) is obtained by combining the NCs from
SU(2), and QED (UEM(D) :
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Electroweak Interaction — The Standard Model

@ Mixing of the SU(2), and UEM(DY is giving by the Weak Mixing angle 6,

3 .
A, = B,cos@ +W,sinf (m=0)

u

. 3
Z, = —B,sin0 +W,cos8, (m#0)

u

@ Lepton neutral currents are given by vector and axial couplings

In the Standard Model
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Neutfral Weak Couplings from Charged Lepton Scattering

@ Asymme’rries iNn charged lepton-nucleon scatffering can be used to

q

measure CV ACV A

@ |In Deep Inelastic Scattering, sensitive to the nucleon parftonic structure
(different from elastic scatterings)

lepton scatt. __ E :
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Neutfral Weak Couplings fromm Charged Lepton Scattering

@ AsymmeTries iNn charged lepton-nucleon scatffering can be used to

q

measure CVACVA

@ |In Deep Inelastic Scattering, sensitive to the nucleon parftonic structure
(different from elastic scatterings)

leptonscatt_ Z ,Zy ySquu ‘y lqyuyS ,7)/ y5lqyuy5

C

2q

N :

parity-violating lepton charge conjugate-

. violating
e, e, CrOss sections

e, e+R Cross sections
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PVDIS Asymmetries

e e e e

APV= ¥ + z
Deuterium: 2C [14R . (x)]-C [1+R.(x)]+Y(2C. —C. )R (x)
X)|— % B *
A, = (540 ppm)Q* — - : S —

5+R (x)+4R_(x)
C =88 C, =88, — neutral weak couplings

R, (x) — parton distribution functions

PVDIS has the potential to explore both electro-weak and hadronic
physics (higher-twist, charge symmetry violation, etfc.)

First, exploratory step: EO8-0OT1at JLab 6 GeV
Larger program at 11 GeV, see next talk by P. Souder

A\, X. Zheng, PAVIO9 6
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JLab 6 GeV Experiment 08-011

Co-spokespeople: X. Zheng, P.E. Reimer, R. Michaels
Postdoc: Ramesh Subedi(UVa),
Grad. students: Xiaoyan Deng (UVa), Kai Pan (MIT), Diancheng Wang (UVa)

(Hall-A Collaboration Experiment, previously E05-007, re-approved by PAC33
for 32 days, rated A-)

+ Use 85uA, 6 GeV, 80% polarized beam on a 25-cm LD2 target;
+ Two Hall A High Resolution Spectrometers detect scattered electrons;

+ Measure PV asymmetry A, at &°=1.10 and 1.90 GeV? o 2.7% (stat.);

% A, at &=1.10 will investigate the size of higher twist effects;

% f HT is smalll, can extract 2C_ -C_  from A, af @°=1.90 fo +0.04 (or with

reduced precision if higher twists are un-expectedly large)
+ Schedule to run Nov-Dec. 2009, after HAPPEX-III, and before PREX.

\f_\;__'_l
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The Collaboration
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E. Chudakov, P. Decowski, X.-Y. Deng, A. Deur, J. Erler, R. Feuerbach,
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W. Korsch, K. Kumar, N. Liyanage, D.J. Mack, D.J. Margoziofis,
P. Markowitz, R. Michaels, P. Monaghan, V. Nelyubin, K. Pan,
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P. Souder, R. Subedi, V. Sulkosky, W.A. Tobias,
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The Hall A Collaboration
ANL, Cailstate, FIU, Jlab, Kentucky, U. of Ljubljana (Slovenia), MIT, UMD, Umass,

UNH, Universidad Nacional Autonoma de Mexico, Rutgers, Smith C., Syracuse,
Uva, W&M
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The é Gev E08_O'|'| all are 1 o limit
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Expected: JLab 6 GeV PV-DIS E08-011
(assuming small hadronic effects)
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The Accelerator at Jefferson Lab, Virginia, USA
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ChQ”engeS “parity-quality”

beam since 1998

*+ Helicity-correlated fluctions in beam characteristics: K. Paschke
(PAVI06&09)

+ PVDIS asymmetry (100-200ppm) is much larger than other JLab PV
experiments: HAPPEX(s), PREX, GO, Qweak;

*+ Beam polarimetry: at 3 GeV, ~1% fromm Compton is within reach,
should be even easier at 6 GeV;

*+ Beam transverse asymmetries: will measure for 8-16hrs, orient
bbeam spin in horizontal directions, goal: <0.5%;

+ Q% same method to determine 6 as HAPPEX-IIl (watercell target)

» DAQ <0.5%:

@ Current Hall A HRS DAQ: Max event rate 4KHz (VDC limited);
@ Previous Hall A PV Experiments (HAPPEX) used Integrating DAQ

2 Will not work for DIS (high rate with large pion background), a new
fast counting DAQ is needed

X. Zheng, PAVIO9 11
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A New Fast-Counting DAQ

2 A new fast-counting DAQ is required:

=* Hardware-based PID, scaler counting up to TMHz;

= Full event information sampled at lower rate by HRS DAQ for
kinematics, efficiencies and PID analysis;

2 DAQ was fested off-line July-September 2008, including
measurement of known asymmetries and 3 independent
deadfime measurements.

2 |nstalled in the Right HRS and tested parasitically April-June 2009
(polarized farget experiments), including 16 hours of 6 GeV beam
up fo 100uA on a thin carbon farget on June 16.

X. Zheng, PAVIO9 12
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Experimental Hall A
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PVDIS DAQ in Situ




2 |nputs:

= Scintillators ("T1");
=% Gas cherenkov (GC)

A new fast-counting DAQ

* Lead glass counters ("Pre-shower” and “Shower”);

Center of
Target Pivot

N

Y

Central

Ray

\

Lead Glass
Counter S
(Jas “i‘:%
Cherenkow *;*‘;%

UVA

€

X. Zheng, PAVIO9 15



A new fast-counting DAQ

2 |nputs:

= Scintillators ("T17);
* Gas cherenkov (GC)
* Lead glass counters (“Pre-shower” and “Shower”);

Regular DAQ Spectrum

N X

1500 Mean y

RMS x

10002 electrons RS y

Pre-Shower energy deposit

Ll AN B
3000 4000

Shower energy deposit
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PVDIS DAQ Design

fastbus TDCs in regular DAQ

A
Preshower b4
sum of 8 blocks . o PS 706
A discriminat
iscriminator
(medium.Vth) > pS 758 Group i (i=l..8)
output width > AND electron
Shower 20ns (100“8) O _
sum of 8 blocks ——» 1 narrow twide)
X » PS740 _ PS_ 706 trigger
analog sum discriminator
(high V)
output width

20ns (100ns)

T1 & GC

“tagger” (100Hz pulser) added for deadtime

9 . >10° pi iecti
measurement (currently for group 5-8 only) Goal: >10° pion rejection

N/

X.Zh
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Lead-Glass Grouping Scheme

vertical
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A
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down
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Parasific Test Runs — Timing Check using foTDC info
iNn RHRS DAQ
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Parasific Test Runs — Performance Check using
foTDC info in RHRS DAQ

With TDC EWA cut (640,730)

3000

2000

1000

3000

Grouped Preshower ADC sum

2000

1000

UVA

ps_shé
Entries 184973
Mean x 1382
Mean y 1106
RMS x 561.6 °
RMS y 346.9

1

1000

Grouped Shower ADC sum
With TDC PIWA cut (600,760)

1
|
I

2000

0

7000

2000

3000 -
Run 22060
Ps_Shtro
Entries 1292
Mean x 451.9
Mean y 362.2
RMS x 509.1
RMS y 374.1
]
1t
3000 4000
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Parasitic Test Runs — Lead Glass PID Check using

electron narrow trigger PID efficiency, run 22606

1

0.5

0

@ Both agree with
expections

@ Can be done online
and integrated into

Simi /:mons
UVA

100

il

J

foTDC info in RHRS DAQ

@ eff=N°® /N°_, electron
samples N° =(GC>800)
arej=N" /N* , pion
“samples N S(GC<T) ]

I

pion rejection factor, run 22531

PS.X




Parasitic Test Runs — Asymmetries
(polarized 3He target)

| Group 2 Transverse - Target (270 deg) | T [ | Group 3 Transverse - Target (270 deg) |
10000 BBl - 1 10000 R STt 18
HWP OUT
5000 5000
10517+/-258 "y
10109+/172
4 -10116+/-261 0 96774173
_sum HWP IN
| Group 4 Transverse - Target (270 deg) ] Group 5 Transverse - Target (270 deqg) I
10000 z— II—piq-mTﬁTl—fﬂ{-xl:{ 6000 i— I I ool I
5000 - [ oms| ) l
E 8783+/-163 2000 = 5513+/-155
= -9125+/-164 0 5104+{-155
= -2000 £ T
5000 £ Lol o 4000 - ] : {II;LI]ﬂJ ﬂi
~10000 £ #%Ji*frﬁlr -6000 = ]
E , , , , 8000 - , , , ,
-15080480 31485 31490 31495 31500 31505 31480 31485 31490 31485 31500 31505
Group 6 Transverse - Target (270 deg) | electron narrow Transverse - Target (270 deg) |
E 8000 |- 1 il 13
6000 6000 F
4000 E- =
2000 |- -1489+/-1 1 o E T778+/-87
0F- 0fF-
-2000 |- 17874/-161 -2000 |- -7402+/-88
-4000 | ~4000 =
6000 =6000 = Eeoloil
-8000 = -8000 F- R
31480 31485 31490 31495 31500 31505 -10089150 31485 31490 31495 31500 31505
electron wide Transverse - Target (270 deg) | PVDIS clock Transverse - Target (270 deg) |
:_ F II :_
soE st o
4000 = TT73+-87 e T .
2000 £ 2000 & o000
1= =
<2000 ;— -74004+/-8T 2000 R
= e
= s s =
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”\y X. Zheng, PAVIO9
>4 UVA ’



Further Diagnostics needed for Asymmetries

PVDIS T1 asymmetry (ppm)

LA L
000l G S From PVDIS crate,
- 7254+/-82 diluted by a 100Hz
0 - -7026+/-82 pulser/1.8kHz, but
5000 - the shift is not
- ol i il eyt understood
-10000 — . . . .
31480 31485 31490 31495 31500 31505
| T1 physics asymmetry |
From regular HRS 10000 |
DAQ, before NMR -
correction (<3%) 50001
- > 7567+/-77
2 Analysis of 16hrs o I
- _7522+/-78
carbon data -
underway ~e000
2 Tests planned -
-1nunu_l...l...l......I...I...I...I.
JU|Y/ AUQUST 3260 3280 3300 3320 3340 3360 3380 3400

/- UVA
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Deadtime Measurement

?Method |: tagger (+TDC) system; cause dilution; can be furned off
most of the fime(?);

mixed with aroup |
fixed frequency PS, SH, GC, T1 triggers _
. > PVDIS electronics > tagger & signal
tagger & >
—> coincidence
scaler vy IDC

scaler

*Method II: TDC "deadzone” (tested off-line, but not observed
during parasitic fests because of too low rate);

2Method lll: beam current “scan”, combined with comparison
between the two paths (20, 100ns) — parasific test data being

analyzed; We can learn (have learned) a lot

2 Others: from GO deadtime measurements.

@ trigger simulation (single group already developed);
9 delayed (accidental) coincidence measurement — to be added.

L
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5-pass Test Runs — Deadtfime Study (Method 1)

fractional loss
in tagger rate }

* expected rate per
group during
production:
100kHz

~* Goal:measure
deadtime to 0.3%
(absolute)

o 5}{1 IT:" 2 I ndf 5BT2/10
- p0 -1_6940-08 + 1.898a-05
0.4 p1 9663007 + 1.79Te-07

Marrow path Gr 5

o2
0.1
b ) 50 100 150 200
0.521 o3 *Z 1 ndf 5861/ 10
- p0 4.55Te-06 + 1.883-05
0.4 p1 9.102e-07 + 1.808a-07

Narrow path Gr 6

50 100 150 200
o051 [ % I ndf 3.368 /10
- pO 1.162e-05 + Z2.07e-05
0.4 p1 1.27a-06 + 2. 46Te-07

Marrow path Gr 7

50 100 150 200
0.521 o3 x3 1 ndf 4.926 /10
. PO 1.2646-05 + 1.933e-05
o.4 P 7.099e-06 + 1.375e-06

Narrow path Gr 8

10 20 30 40

0.551 [ 2 ¥ ndf 4774 ¢ 10
- p0 4.3Te-06+ 2.023e-05
0.4 p1 2.592e-07 + 1.8840-07

Wide path Gr S5

i) 50 100 150 200
0.5:1 o2 *2 I ndf 6.53 /10

- p0 3.434e-06 + 1.902e-05
0.4 p1 9.479e-07 + 1.83a-07

Wide path Gr 6

bt

50 100 150 200
0551 [ % I ndf 6.026 / 10
. pO 2.856e-06 1+ 1.8952-05
0.4 p 1.1752-06 + 2.302e-07

b‘l_f_ige path Gr 7

T e

S50 100 150 200
0.551 o2 3 I ndf 3.135/ 10
- p0 1.918e-05 + 1.962e-05
0.4 p1 6.533e-06 + 1.353e-06

Wide path Gr 8

10 20 30 40

>
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Further Diagnostics Needed for Tagger/Deadtime
Measurement  1pcs in reguiar DAQ
A

Preshower b4
sum of 8 blocks . . PS706
A discriminator
(medium V) > pS 758 Group i (i=l..8)
output width > AND electron
Shower 20ns (100ns) o ,
8 blocke —m )y “narrow” (“wide”)
m T .
sum o X » PS740 PS 706 trigger
analog sum discriminator
(high V)
output width - -
20ns (100ns) (wide trlggers are
12 G0 10ns earlller than
narrow triggers)
@ We have some clue what's going

“tagger” (100Hz pulser) added for deadtime
measurement (currently for group 5-8 only)

on, and will fix it within the next

month.
UVA X. Zheng, PAVIO9 26



Check Design for LHRS with “simulation” using ADCs

Both

MNoo—overlapping

FRL1 and FR12
(zame grouping)

(Lr)
(Lr)

(Lx)

5o [=[=[> ][ [* [ ]=]~]

—
[

= | =
515 |

14
15
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Z uva
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Eoth
Clverlapping
FPRL] and FRI12
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e (1 ]
la) (2 ] arpl
ER
all
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B
7 |
E Erp3
B
10|
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— 5
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15|
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PRL?2 Noo—overlapping
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L I S I
iLa (2 grpl
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-t -
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14 zZps
15|

T
— &
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Check Design for LHRS with “simulation” using ADCs

Graph

e_left_soft_Type[1]_3000

Graph

e_left_soft_Type[3]_3000

0.8
0.6
0.4

0.2

0.8
0.6
0.4

0.2f

Graph

left_soft_Type[2] 3000

0.8

0.6

0.4

0.2f

0 B L




Ssummary, Plan and Ouflook

@ |n the past 6 months, have made great progress in DAQ
preparations;

2 Now - mid August:
* further analysis of the parasitic test run datfa;

* confirm measurement of null or given asymmetries,
investigate possible “shiffs”;

* thorough investigation of the deadfime measurement:
tagger (method |) and rafe scan (method Il);

* equip some channels with FADCs;
* assemble and install a (nearly) identical DAQ in the Left HRS;

@ November-December: run:

X. Zheng, PAVIO9 29
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Summary, Plan and Outlook
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R. Young
(Combined)

(PVES)

 \ Qweak
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-0.75
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all are 1 o limit

4
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(combined)

N\

SLAC/
Prescott

\

0.2 0.4

Expected: JLab 6 GeV PV-DIS E08-011
(assuming small hadronic effects)
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Electron Efficiencies

Run 21822 with foTDC cuts from PVDIS triggers
i f‘j M M

0.8 M) f/’ ﬁ

0.6

0.4

0.2:— y M}
of AR ANEAY:

@ “Holes” notf expected!
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R.ps.tri:R.ps.try {R.pv.t_cor[24]-600 && R.pv.t cor[24]-800)

. 24[2-3] .- 48[41]
== - 23[22]  47[46]
- © - 46 145]
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