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Outline

● Beam commissioning and detector checkout 
during March and December 2014

● Optics calibration of LHRS

● Use of straw chambers in HRS tracking

● Future plans/Improvements
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HRS Detector Stack

Central ray
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HRS Detector Configuration

● Two VDCs at focal plane to 
determine particle direction

● Straw chamber as an 
auxiliary tracking detector

● Scintillator paddles S0 and 
S2m as primary trigger 
detectors

● Detectors for Particle ID: 
Cherenkov counters and 
lead-glass shower detectors
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Detector Checkout with Beam

● Detectors on both spectrometers were checked 
out in last March (Ebeam=4.89 GeV)

– Beam taken on solid targets and LH2 target

– Elastic and deep inelastic scattering data was 
collected

– Data was used to calibrate optics matrix, study trigger 
efficiency, calculate ep cross section...

● Last December optics and elastic data was taken 
on LHRS (Ebeam=7.29 GeV) 



  7

Detector Performance (S0)

● S0 consists of a scintillator paddle with a PMT at each end

● One of main trigger detectors for GMp experiment

σσ=0.75 ns=0.75 ns

Track projection on S0

No TDC hit on at least one PMT

No TDC hit on both PMTs

All events

About 2.5% of total events are lost due to finite 
geometrical acceptance
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Detector Performance (S2m)

● S2m consists of 16 scintillator paddles in a plane

● One of main trigger detectors for GMp experiment

σσ=0.89 ns=0.89 ns
➢ Geometrical acceptance of Geometrical acceptance of 

S2m is found to be 99.4%S2m is found to be 99.4%

➢ Current issue is pedestals are Current issue is pedestals are 
about three times wider than about three times wider than 
expected in some ADC expected in some ADC 
channelschannels

➢ One p.e. peak for each One p.e. peak for each 
ADC channcel is alignedADC channcel is aligned
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Gas Cherenkov Counter
● All 20 PMTs are covered with wavelength-shifting paint 
● The effect of WLS paint was tested last spring

– 50% increase in #p.e. was observed

– Typically 15-20 p.e. were detected in GC after application of WLS paint

● #p.e. was measured again in last December and found to be the same as 
that in spring

No time dependence observed
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Lead Glass Calorimeter

e-π-

Energy resolution:

LHRS: 6% @ 3GeV

RHRS: 6% @ 1GeV

● Two layers of lead glass blocks
● Gain matching of all ADC channels
● Particle ID (with GC counter)

σ=6%@3GeV

Energy deposition in PRL1 (MeV)
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Electronic Dead-Time Monitor (EDTM)

● New electronics for EDTM 
(electronic dead-time 
measurement) was 
implemented on the LHRS 
last summer
 Attenuated logical EDTM 

pulses are mixed with signals 
from the Gas Cherenkov, S0 
and S2m detectors

 The number of 'tagged' EDTM 
pulses that are recorded in 
scalers is monitored 

Detector outputs

EDTM pulses
Attenuated

Trigger 7

Mixer

To 
ADC

To 
DISC

Electronic dead-time was measured and found to be negligible, but more test 
is needed in high-rate situation
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HRS Data Acquisition Status

● Triggers are prepared by 
programmable module (MLU)
– T1 = S0 && S2

– T2 = S0 && GC

– T3 = S2 && GC

– T4 = S0 && SH

– T5 = S2 && SH

– T6 = GC && SH

● Single detector mode can also 
be selected from software

● EDTM pulse and clock are also 
sent to MLU
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GMp Optics

Out-of-plane angle vs. in-plane angleOut-of-plane angle vs. in-plane angle

DIS data was taken last March and December for optics calibration:

5 mm stainless steel sieve slit
7 holes by 7 holes

2 inch lead sieve slit
5 holes by 5 holes

E
beam

=4.89 GeV, E'=3.00 GeV, θ
HRS

=15.0°, Q2=1.00 GeV2, W=1.85 GeV
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GMp Optics
New tungsten sieve in the December run:

Out-of-plane angle vs. in-plane angleOut-of-plane angle vs. in-plane angle

E
beam

=7.29 GeV, E'=2.92 GeV, θ
HRS

=22.8°, Q2=3.33 GeV2, W=2.40 GeV
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GMp Optics

Before calibration After calibration

Angle calibration
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Event Reconstruction from December Run

σ=0.035 GeV2
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Straw Chambers
● One Straw Chamber installed in each HRS
● 3 U and 3 V planes 
● U-V angle: 45o to horizontal
● 170 straws per plane
● Wire spacing: 1.095 cm

● Help resolve ambiguous tracks from VDC
● Improve tracking
● Useful for high rates experiments (APEX)

VDC

Straw chamber
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Tools for Event Display

VDC VDC FPP S2m
PRL1 PRL2

One-cluster event

VDC VDC FPP S2m
PRL1 PRL2

Multi-cluster event
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Tracking with Straw Chambers

● Select events with one cluster 
in bottom VDC and straw 
chambers but more than one 
clusters in top VDC

● Reconstruct track using 
clusters in bottom VDC and 
straw chambers (disregarding 
clusters in top VDC)

● Reconstructed track is then 
used to calculate target and 
kinematic variables

Fraction of one cluster events in VDC: 
N

single
/N

total
=21790/23831=0.914

Analysis of multi-cluster events in VDC:

Multi-cluster events have elastic electrons and they need 
to be taken into account for calculation of cross section
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Future Plans

● Continue the work of HRS tracking with straw chamber

● Tuning of SOS quad for right HRS and optics calibration

● Implement EDTM electronics on right HRS

● Study trigger efficiency, particle ID efficiency, etc.

● Possibility of using GEM detector as an active sieve slit
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Summary

● Detectors on both HRSs were checked out and 
proved to work reliably

● Optics calibration results for GMp experiment are 
shown

● Analysis of multi-cluster events with straw chamber 
is successful and can benefit other high rate 
experiments like APEX

● SOS quad was installed on right HRS and will be 
used for GMp experiment
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