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SBS parameters:

Polarized electron beam :
Energy:  12 GeV
Current:  85 uA
Polarization: 85%

Nucleon form factors 
measurements at High Q2:
● GEP(5)
● GEN(2)
● GMN

16 Front Tracker modules:   40cmx50cm from INFN, 0.6 m2 per plane
40 Back Tracker modules:    60cmx50cm from Uva,   1.2 m2 per plane

Super Bigbite Spectrometer

● Large acceptance
● High Luminorsity

Super Bigbite Spectrometer (SBS)

Front Tracker

Second Tracker
Third Tracker
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Tracker layer number Tracker layer number

Energy deposition distribution 

Energy deposition in 
MeV

Cutoff ~ 50keV

Mean ~ 2.2keV

Two different 
GEM orientation

High rate 

High Q2

Small 
FFs Small

cross section

Front tracker hit rate Second tracker hit rate

SBS simulation results of hits in GEM by Andrew Puckett

High luminosity

Large solid angle

High background rate

Mostly from low energy 
photon conversion

MIPs
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Electron spectrum Pion spectrum Proton spectrum

p(GeV) p(GeV) p(GeV)

~1 GeV ~1 GeVMostly low 
energy

About 1/6 are pions and protons, the rest mostly low energy electrons from photon conversion

SBS simulation results of hits in GEM by Andrew Puckett

High rate 

High Q2

Small 
FFs Small

cross section

High luminosity

Large solid angle

High background rate
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High background rate
0.15~0.8 MHz/cm2

High energy 
deposition

High occupancy 35~55%
(back trackers)

Large area GEM

110k channels
 880 APVs

Trigger rate 
~4kHz

Huge data volume
Raw size, all channel 
6.4GB/s

60 cm

50
 c

m

400μm

Challenge from high rate

GEM module constructed at UVa

Readout board
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Sample number of peak

25 ns

Readout window

           
Pulse sketch of background

Pulse sketch of Hit of interest

 Sampled ADC of Hit of interest

High occupancy

Pulse shape fit on 6  sample data

ns

Pulse peak time
Avg. number of cluster on GEM per event
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Random X-ray data

Sample number

Cluster size: 1

Cluster size: 2

Cluster size: 3

Cluster size: 4

Cluster size: 5

FPP1FPP2

In case of 6 sample mode, considering 60x50cm2 GEM:
Assuming effective time window: 150+7*25 = 325 ns
Average number of hits are: FPP1 FPP2

Avg. hits 240-290 150

Draft comment:
Though occupancy is low, this is strip occupancy, strips within 

a cluster of a hit of interest are not necessarily all occupied(in some 
cases even it is occupied we might still be able to separate the 
background,though rare).

This also demanding new clustering method involving timing 
information of strips, or as a most rude rule: “no one should pair 
with a strip who has highest adc in first or last bin”.

Fitting should be done on strips but not clusters to deal with 
this high occu situation.

Also an averaged strip among the cluster peak time to 
represent cluster timing information make more sense since 
different strips in cluster should have different peak time in principle, 
though APV timing noise is too much. If only we can measure 
timing much better!

This means spacial resolution could be much worse,  a mis-
measure of 400 um will definitely exist!

Second and third tracker 
strip occupancy could reach 
respectively 55% and 35%

1

2

7

Cluster of hit of interest

Cluster of Background

A
D

C

Strip number

Fit function :
      C*(x-τ)*exp(-(x-τ)/λ)
τ: start time
λ: shaping time



05/23/2017 2017 MPGD meeting 7

High occupancy 
35~55%

1)  Background tracks 
(mostly proton and pion)

Constraints from 
other detectors (ex. 
calorimeter electron 
arm CDET )

Timing cut

-100              -60               -20

Pulse peak time distribution

ns

GEM0

GEM1

GEM2

GEM3

2)  Accidental hit (s)  
(mostly photon conversion)

High occupancy---reject background hits and track reconstruction

Track reconstruction

3 hit track efficiency

Reject 
background

σ~10 ns

3σ, 
20%

1% occupancy peak time distribution

Pulse shape fit of  3 sample Data Difference 

-300               0               300 ns

64% overflow

Single layer efficiency
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Cost effective algorithm 
(>100 hits per plane) (0.8, 0.94)

Compare of fit over 3 sample and 6 sample

Often fit results
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60 cm

50
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m

Charge correlation
Reject mismatching 

cluster

x
1

x
2

y 1
y 2

From 6 time sample Data

2.5% overflow+underflow

Charge asymmetry

single hit 

2.5% overflow/underflow

Timing correlation

Real hit

Mismatched hit

X_peakTime-Y_peakTimeX_peakTime

Y
_p
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High occupancy---mismatching clusters

FPP1 FPP2

Avg. hits 240-290 150

X_Charge

Y
_

C
h
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multiple hits
   1.5% occupancy data

Charge asymmetry

40
%

X_peakTime-Y_peakTime

16% occupancy

~0% 
occupancy

From 9 sample Data

High occupancy 
35~55%

Average number of clusters per plane per event
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Scintillator

SBS back 
tracker GEMs 
(60x50cm2)

Calorimeter

A practice run in Hall A at JLab

GEMsScintillator

Calorimeter

Target chamber direction

● Parastic test at 70° from beam in Hall 
A during DVCS/GMP experiment in Fall 
2016.

● 5 60x50 cm SBS GEM modules spaced 
by ~13 cm.

● Gas mixture: Ar/CO2 (75/25%) at flow 
rate ~5L/h

● GEM HV: ~4100V
● Triggered area: 30x30 cm2

● The occupancy of GEMs during test 
was around 1.5%.
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Real hits buried in accidental hits 
and cross-talk clusters and 

mismatching clusters(incorrectly 
paired x/y clusters)

Real hits, 
small part of accidental hits, 

cross-talk clusters and
part of mismatching clusters

Apply cut in charge 
correlation and timing 

correlation

Do timing cut and 
 tracking in x/y plane

A practice run in Hall A at JLab
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Due to Mismatched clusters and cross talk
Electronics cross talk to remove

90Sr data Hall A test data

Hall A test data after tracking rejection 

A practice run in Hall A at JLab
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Correcting the phase of 
trigger in APV clock

Cut off weakly timing 
correlated clusters

From fit of 6 time sample

σ~6 ns

A practice run in Hall A at JLab
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MPD

GEM

APV CODA

MPD MPD TIROC

trigger

External 
trigger

SSP

10 Gbps 
fiber link

Transfer processed data to rocAPV-25 FEC

FPGA based digitizer
MPD(INFN, Paolo)

SBS requirements: 2-4kHz
Data injecting rate on each SSP at 2 kHz: 1000 MB/s
                     

Data acquisition

Subsystem processor
(JLab customized electronics)

● Parallel optical link from MPD to SSP
● Online data reduction
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APV-25 FEC

FPGA based digitizer
MPD(INFN, Paolo)

Subsystem 
processor

● Parallel optical link from MPD to SSP
● Online data reduction

Case of 16bit word each channel reading 6 sample:

2Byte*128(channels)*6(time sample)=1536 Bytes/APV-25

in case of 4kHz trigger rate:

Volume going out from MPD to SSP:    92 MBytes/s  

Volume injected into SSP:      24 MPD each ssp:

         92MB*10+74MB*14=2GB/s (where bottle neck sits right now)

Data acquisition
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● 40 SBS back tracker GEM modules has been built and tested at University of 
Virginia.

● SBS has trigger requirement of ~4kHz. Back tracker GEMs has about  30~50% 
occupancy and will experience huge charge deposition.
– High data volume: 4 kHz trigger rate combined with 110,000 channels to read makes the data 

volume extremely large. The current scheme is to do parallel reading from MPD to SSP and then do 
data reduction on SSP.

– High occupancy: A series of hit selection method is introduced. The method has been tested with 
1.5% occupancy and works and needs to be tested with higher occupancy comparable with 30~50%.

– High charge deposition: A X-Ray test box was built at UVa to test GEMs under similar charge 
deposition(up to 4 mC/cm2/Day, after amplification) two years ago and a few issues was discovered 
and solved.

● Another test at JLab in 2017 Fall is being planned to test with higher occupancy.

Conclusion and outlook
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Backup slides
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Backup slides



90Sr source(simulating real 
hit)

X-ray generator 
as background

X-ray generator specification:X-ray generator specification:
● Photon energy range: up to 50 keV
● Output flux: 24 MHz/cm2 on the surface of 

GEM (20 keV/5 µA)
● Angular distribution: uniform within 60o

This setup provides:
● Charge deposition in GEM: up to 

3.4*1011 electrons/cm2/s , which is 
equivalent to about 7MHz/cm2 MIP. 

● Photon rate at gem surface: up to 
100MHz/cm2 of photons.(conversion 
rate about 0.5% to electrons for 
ionization to happen)

90Sr

X-ray tube GEM

120°

Scintillator

Xray Test Setup



CathodeCathode

Kapton Gas windowKapton Gas window

-4100V

CathodeCathode

Aluminized Kapton Gas windowAluminized Kapton Gas window

-4100V

1 GΩ

Solution

Gas window stick to cathode 
Gas window and cathode

Ion free to be swept by gas flow

R&D on SBS GEM at UVa

Only 90Sr: Very low back ground

90Sr + X-ray: 
Charge equivalent to 0.5 MHz/cm2 MIP

ratio=1.025

ratio=1.037

ProblemProblem: Charge ratio between top strip and bottom strip 
can increases from 1.3(low rate cosmic) to 2.2(High rate 
proton)
Due toDue to: There are extra kapton between top and bottom 
strips

Solution: Optical inspection on readout plane before 
construct each GEM chamber, The charge sharing is not 
dependent on rate anymore



3 mm

2 mm

2 mm

2 mm

GEM 1GEM 1

GEM 2GEM 2

GEM 3GEM 3

CathodeCathode

Readout Readout 
PlanePlane
Readout Readout 
PlanePlane

HV=-
4100 V

A
1

A
2

I
T

I
R

OAt -4100V, the nominal current through divider 
is 746.8 μA, with X-ray irradiating the whole 
gem, the current can increase 30% due to 
GEM foil currents, this greatly modified the 
voltage distribution amoung resisters on HV 
divider, leading to a drop on gain drop.

Current through 
HV supply

Rate

Rate

Effective gain

R&D on SBS GEM at UVa

0.5MHz/cm2 
MIP


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

