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* The Physics of PVDIS
* Experimental Setup and Expected Uncertainties
# On-Going Data Analysis:

*+ Compton Polarimetry Analysis

* Deadtime of the Fast-Counting DAQ



The Physics of PVDIS at 6 GeV (E08-011)

Measure PVDIS asymmetry on a deuterium target, A, af &=1.1and 1.9
GeV? to 4% (stat.);

Fromm @4=1.1 can help to investigate if there are significant HT effects;
— "Baseline” measurement for the future 12 GeV program.

If HT is small, from &°=1.9 GeV? can extract 2C, -C,_, 1o +0.060, a factor of 4

improvement;

Kinematics | X Q2(GeV/c)2 Epxan (GeV) E'(GeV) 8°) W2 (GeV)2 Ay(ppm)

I 0.25 1.11 6.0 3.66 12.9° 4.16 -91.3

IT 0.3 1.9 6.0 2.63 20.0° 9.3 -160.7




PVDIS Asymmetries
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Can extract C, ,, (@nd sin?g,,, ) discover new physics beyond the SM

Mass limit:

/ym 1 ~0.74 TeV
— 1/2
g WSGFA(zczu—CZd)H




Current Knowledge on C]I2q
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The 6 Gev E08_0'|'| all are 1 o limit
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In Addition fo the Standard Hall A Setup

* New methods used (photon Also needed for two other PV

integration and new electron - gyperiments in Hall A (HAPPEX-I

detector): expect 2% precision and PREX)
on Pbeom for EO8-011
\ Left HRS
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/El y Monitor

s by PN '_ /g ‘

Right HRS
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* Regular HRS data acquisition (DAQ) count up to 4KHz (PVDIS 400KHz);

# Integration method won't work for DIS;

* Need a new fast-counting DAQ), design goal: 1MHz with on-line particle
identification (PID); Never been done before!

Compton Raster Moller
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Expected Uncerfainties on A

Source \ AAG/A, Q2=1.1 GeV2 Q2=1.9 Ge\?
A Pyo/Py=1% 2.0% 2.0%
Deadfime correction 0.3% 0.3%
Target endcap contamination 0.4% 0.4%
Target purity <0.02% <0.02%
Pion background <0.2% <0.2%
Pair production background <0.2% <0.2%
Systematics 2.08% 2.08%
Statistical 3.0% 4.0%
Total 3.7% 4.5%




Hall A Compton Polarimeter

Aypy=P. P A

* Pe beam polarization

iy #* Aexp Measured asymmetry

% P, laser polarization
* A/ theoretically calculated

2 Aexp IS extracted from dafa

2 Py, measured by laser polarimetry

@ Monte Carlo simulation tfo calculate A:, faking into account the
whole geometry of the sefup.



Compton Asymmetry History from FADC

Compton (pairwise) Asymmetry History from FADC |
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A new fast-counting DAQ

INnpufts:

Scinftillators ("T17);
Gas cherenkov (GC), with hardware threshold provided
by discriminators.

Lead G
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2 |nputs:

A new fast-counting DAQ

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

re-Shower energy deposit
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Regular DAQ SpectrumJ“
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PVDIS DAQ Design

fastbus TDCs in regular DAQ

A
Preshower A A
sum of 8 blocks
. PS 706
A » discriminator
(medium V) > ps 758 Groupi(i=1...8)
output width » AND electroPr
Shower 20ns(100ns) o narrow” (‘wide’)
sum of 8 blocks A trigger
> PS 740 ~PS 706
i > analog sum —» discriminator
(high V)
output width
20ns(100ns)
T1& GC

“tagger” (100Hz pulser) added for deadtime measurement

12



Deadtime of the Fast-Counting DAQ

The Tagger method to measure deadtfime:

i i Group i
mixed with sloction
fixed frequency PS, SH, GC, T1 triggers |
tagger g » PVDIS electronics > 2 tagger & signal
i ‘ |—"" coincidence
sealer v1be scaler
Deadtime = g Rtagge;?&Signal ( = Pileup) ~ Rtagger _RRtagger&signal + Pileup

tagger

tagger

= Fractional Loss + Pileup

e

\

Measured by scaler

Different for narrow and wide path

Measured by TDC
Similar for narrow and wide path




Deadtime of the Fast-Counting DAQ

The Tagger method to measure deadtfime:

. , Group i

mixed with slectron
fixed frequency PS, SH, GC, T1 triggers _
tagger . » PVDIS electronics > o | taggerasignal

i ‘ |—l- coincidence
scaler yIDC scaler
Deadtime — tagger_ Rtagger&signal ( 1 o Plleup) ~ Rtagger_ Rtagger&signal + Plleup
Rtagger Rtagger
= Fractional Loss + Pileup
INn theory: Deadtime( % )= Rate X Width

Where Width is tThe widest width throughout the whole path
@ For wide path, width = 100ns
?® For narrow path, width = signal width ~ 60ns



TDC Pileup Spectrum, Left Arm
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Deadfime Measurement (Tagger Method)

. ¥ Fractional Loss Narrow
Group 3 Deadtime vs PS rate 4 Fractional Loce Wide
0 g}{"l [l"j bt Pileup Narrow
= Y . . £ Pileup Wide
%a_ E Slope of linear fit: O DT Narrow
E 0.8 | wide: p1= 1.02e-07 + 1.22e-09 —
e B d
b~ 0.7 |Narrow: p1= 6.35e-08 + 7.99e-10
o Y-IL
Q2 —
0.6—
— =
0.5—
[ n
u-4__ 'S
[ "
0.3 ] et
L " Sk
[ O -
0.2— N $ ¥
| -~ = .
- Y L L N Y
0.1 e >
. T
u ’j:'—l;;l;T | 11 | | | | | | | | | | | | | | | | | | | | | | | 11 | | | | | |

0 1000 2000 3000 4000 5000 6000 7000 8000
PS Rate(Hz)



Deadfime Measurement (Tagger Method)
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Deadtime of the Fast-Counting DAQ

Rate Scan method to measure the deadtime
Rate=al (1-DT) DT=al Xw

Where ais a positive constant related to cross section, acceptance
and etc. w is deadtime expressed in width.

Then R(;teza—cfwxl

1. Plot Rate/l vs |

2. Do a linear fit, get fitting parameters polO and poll
3. w=—poll/ pol0’



Deadtime Measurement (Rate Scan Method)
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EQ8-011 PVDIS Analysis Flow Chart
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PV DIS and New Physics : e () e : :

A = Y Z + ?

PV

2 |nferaction of new physics: \

_ PV PV
L[V(e)XA(Q)]_LSM_l_LNEW
G, g

. _ _ 5 PV
LSM__ﬁeyueg Czqqyuy q LNEW 4A

eyuez h'gy"y’q

4 . coupling constant; A: mass scale, h9,: effective coefficients;
@ Sensitive to: Z' searches, compaositeness, leptoquarks

@ Mass limit of the proposed measurement:

/ym 1 ~1.0TeV
— 1/2
g [\/SGF‘A(ZCZH—CM)H

2 Some new physics can affect C2, but not C1.




Kinematics

Kinematics I |
Xoj 0.25 0.3
Q2 (GeV/c)? 1.11 1.9
Eoeam (GEV) 6.0 6.0
E' (GeV) 3.66 2.63
0(°) 12.9° 20.0°
W2 (GeV)? 4.16 5.30
Y 0.470 0.716
Re <0.001 0.001
R 0.052 0.041
R, 0.872 0.910
Ag4 (Measured, ppm) 91.3 -160.7
e rate/HRS (kH2) 269.8 25.1
/e ratio 0.9 6.4
et/e ratio 0.073% 0.463%
Total rate/HRS (kHz) 513.0 186.2




Online Asymmetries, Q2=1.1, Left Arm Only

asymmetries of left arm, PO = 3.66GeV
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will provide a ~3% relative uncertainty compared to the
calculated 90 ppm



Online Asymmetries, Q2=1.9, Left Arm

asymmetries of left arm, P0 = 2.63GeV
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Online Asymmmetries, Q2=1.9, Right Arm

asymmetries of right arm, P0 = 2.63GeV

—~ 300
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will provide a ~4% relative uncertainty compared to the

calculated 161 ppm



PVDIS General Run Information

= Beam polarization shared with Hall B and monitored by Moller and
Compton (photon-only). Moller results ~87%:

=+ Beam vertical polarization measured 1o be <2%;

* Beam charge asymmetry controlled by “parity feedback”;

= Target boiling noise monitored by Lumi;

* Beam IHWP switched every 1M helicity pairs (1 pair=66ms) ("slugs”);

* Deadtime measurement, analysis in progress;

=+ Other background or systematics measurements:

* Pion asymmetries measured continuously by PVDIS DAQ), consistent with
zero so far;

* Al dummy and positive polarity runs (8 hours), rates agree with
calculations;

* Transverse beam polarization running (12 hours), best DIS transverse
measurement so far, systematic uncertainty under control;

* Random coincidence measurements.
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