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The Tandem Van de Graaff

Accelerator overview




Introduction

Brookhaven National Laboratory’s large
Tandem Van de Graaff facility consists of two
15-Megavolt electrostatic accelerators

Can produce ion beams of most chemical
elements (from protons accelerated to 29 MeV
to gold ions accelerated to 337 MeV

The facility delivers these beams to various
irradiation chambers available to users from
academia, industry, and other research
institutions
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BNL Linac Makes
High Energy Record

The AGS Conversion Group working on
the 200 MceV (Million electron Volis)
linear accelerator achieved full design en-
ergy of 200 McV on Wednesday, Novem-
ber 18, at 1:44 2.m. The linac had reached
160.5 MeV during the late hours of No-
vember 16-17, surpassing the energy level
of all other proton linacs, and, thus, be-
came the most powerful proton linac pres-
ently in existence,

As the 200 MeV energy was approached
in the carly hours of Wednesday morning,
many accelerator people came in to lend a
hand at achieving the record. Dr. Fred
Mills, Chairman of the Accelerator De-
partment was joined by John Blewett,
Jules Spiro, Jack Lancaster, and members
of the Linac bowling team still wearing
their “Sandbagger” shirts.

According 1o George Wheeler, in charge
of the Conversion project, the linac was
designed to deliver a beam current in ex-
cess of 100 milliamperes at 200 MeV
Earlier studies of the beam current showed
that 200 milliamperes was actually attain-
able. This earlier measurement confirmed
that the proper engineering decisions had
been made during the early stages of
design.

Delicate balaacing of variables was
necessary to nermit acesleration thranch

World’s nghest Energy Van de Graaff
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A view of the two accelerators as they appear today
at the Tandem Van de Graaff facility.

Maurice Goldhaber Wins Bonner Physics Prize

Is Dedicated

The world’s highest energy Van de
sraaff system which is designed to accel-
erate hydrogen ions to an energy of 30
MeV (million electron volts) will be dedi-
cated today.

AEC Commissioner Theos J. Thompson
will deliver the Dedication Address at 2:30
p-m. in Berkner Hall. Other speakers at
the ceremony will be: Denys H. Wilkinson,
Director of the Nuclear Physics Labora-
tory, Oxford, England; D. Allan Bromley,
Director of the Arthur W. Wright Nuclear
Structure Laboratory, Yale University;
and Harvey E. Wegner, Manager of the
Tandem Van de Graaff Construction
Project.

According to Commissioner Thompson,
“Both Brookhaven National Laboratory
and the High Voltage Engineering Cor-
poration can be justly proud of the success-
ful design construction, and operation of
this accelerator system. The fact that a
facility of this complexity, originally esti-
mated to cost $12 million in 1962, has been
completed in 1970 at a cost of $12,130,000,
is a little short of miraculous. It should be
a source of substantial pride not only for the
Laboratory, but also for the Atomic En-
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Beam types

In Silicon
High LET Summary

: 5 T \a
Flux can be in the range of 1 particle/cm?/sec Low LET Summary

to greater than 1 - 108 particles/cmzlsec. How To Use Th
Max Surface
Mass Energy LET Range
MeV MeV
Z Symbol AMU MeV AMU mg/cm2 Microns

1 'y 1.0079 28.75 28.52 0.0153 4550

2 “He 6.0029 432 10.80 0.131 815.0

3 L 7.0160 57.2 8.15 0.369 390

5 g 11.0093 85.5 7.77 1.08 206.13

6 120 12.0000 99.6 8.30 1.46 180.43

8 160 15.9994 128 8.00 2.61 137.78

9 19 18.9954 142 7.48 3.51 118.88

12 Z4Mmg 23.9927 161 6.71 6.01 84.16

14 2Bg; 28.0855 187 6.66 7.81 77.16

17 35l 34.9688 212 6.06 115 64.41

20 40ca 39.9753 221 5.53 15.8 51.89

22 Sag 47.9479 232 484 19.6 478

24 S2¢r 51.9405 245 472 223 45.86

26 S6Fe 55.9349 259 463 25.1 4424

28 SN 57.9353 270 4.66 27.9 44,56

29 3oy 62.9296 277 4.40 30.1 42.06

32 2Ge 71.9221 273 3.80 35.9 37.94

35 81y 80.9163 287 3.55 413 37.50

41 BNb 92.9060 300 3.23 475 36.32

47 107pg 106.9051 313 2.93 592 32.48

53 42 126.9045 322 2.54 66.9 32.54

79 19704 196.9665 337 1.71 84.6 29.21




What does Tandem mean?




How it works
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How it works

Preliminary mass selection is performed by an
. inflection magnet operated at -120 kV with
. resolution of 2.5 %

Quadrupole VYelocity

I
A% Lens Selector Analyzing
| |

I — Magnet
............................................................................... 1 I — ? % g
W Object Slits
lon Source Stripping Double Image Slits —p|«t—

........................................................................... Foil Stripping

; Foil

: Single charged negative ions are generated in : ®

. a sputter-type ion source operated at -150 kV. : Switching Magnet

Laser : :
Scattering Foil

Si Detector
Sweeping Magnets
Reflector

Diagnostic Box

SEU Test Chamber

10



How it works

The negative 150 keV ions are accelerated in an evacuated
. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

Preliminary mass selection is performed by an
. inflection magnet operated at -120 kV with
: resolution of 2.5 %
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In the high voltage terminal, single charged negative ions are converted into multiple
: charged positive ions by passing through a thin carbon stripping foil.

u .
H OW I t WO rks . The foil strips away several electrons from the ions but it is thin enough to cause a
. negligible energy loss (<0.05 % of the final energy for the heaviest ions). The multiple
. charged positive ions are accelerated away from the positive high voltage terminal,
LR L T L R R P R P R TR P PR RPRTTRPPRTET gaining energy up to 145 MeV/e.
The negative 150 keV ions are accelerated in an evacuated : :

. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

A second stripping foil located at 75 % of terminal voltage can be optionally used to
. achieve higher charge states and higher energy gain in the last stage of acceleration.

Preliminary mass selection is performed by an _
. inflection magnet operated at -120 kV with : Accelerator
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In the high voltage terminal, single charged negative ions are converted into multiple
: charged positive ions by passing through a thin carbon stripping foil.

u .
H OW I t WO rks . The foil strips away several electrons from the ions but it is thin enough to cause a
. negligible energy loss (<0.05 % of the final energy for the heaviest ions). The multiple
. charged positive ions are accelerated away from the positive high voltage terminal,
LR L T L R R P R P R TR P PR RPRTTRPPRTET gaining energy up to 145 MeV/e.
The negative 150 keV ions are accelerated in an evacuated : :

. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

A second stripping foil located at 75 % of terminal voltage can be optionally used to
. achieve higher charge states and higher energy gain in the last stage of acceleration.

5 Preliminary mass selection is performed by an accelerates away
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The negative 150 keV ions are accelerated in an evacuated
. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

Preliminary mass selection is performed by an
. inflection magnet operated at -120 kV with g )
: resolution of 2.5 % - Inflection

Magnet

Accelerator T
N\ 11

In the high voltage terminal, single charged negative ions are converted into multiple
. charged positive ions by passing through a thin carbon stripping foil.

. The foil strips away several electrons from the ions but it is thin enough to cause a

. negligible energy loss (<0.05 % of the final energy for the heaviest ions). The multiple
. charged positive ions are accelerated away from the positive high voltage terminal,

: gaining energy up to 14.5 MeV/e.

A second stripping foil located at 75 % of terminal voltage can be optionally used to
. achieve higher charge states and higher energy gain in the last stage of acceleration.
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The negative 150 keV ions are accelerated in an evacuated
. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

Preliminary mass selection is performed by an
. inflection magnet operated at -120 kV with g )
: resolution of 2.5 % - Inflection

Magnet

In the high voltage terminal, single charged negative ions are converted into multiple
. charged positive ions by passing through a thin carbon stripping foil.

. The foil strips away several electrons from the ions but it is thin enough to cause a

. negligible energy loss (<0.05 % of the final energy for the heaviest ions). The multiple
. charged positive ions are accelerated away from the positive high voltage terminal,

: gaining energy up to 14.5 MeV/e.

A second stripping foil located at 75 % of terminal voltage can be optionally used to
. achieve higher charge states and higher energy gain in the last stage of acceleration.

Quadrupole VYelocity . A single charge component is selected by a highly
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Object m
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The negative 150 keV ions are accelerated in an evacuated
. acceleration tube to the positive high voltage terminal operated
. at voltages 1 to 14.5 MV, gaining energy 1 to 14.5 MeV.

Preliminary mass selection is performed by an
. inflection magnet operated at -120 kV with

 resolution of 2.5 % - Inflection

Magnet

In the high voltage terminal, single charged negative ions are converted into multiple
. charged positive ions by passing through a thin carbon stripping foil.

. The foil strips away several electrons from the ions but it is thin enough to cause a

. negligible energy loss (<0.05 % of the final energy for the heaviest ions). The multiple
. charged positive ions are accelerated away from the positive high voltage terminal,

: gaining energy up to 14.5 MeV/e.

A second stripping foil located at 75 % of terminal voltage can be optionally used to
. achieve higher charge states and higher energy gain in the last stage of acceleration.

Quadrupole VYelocity A single charge component is selected by a highly

lon Source

Single charged negative ions are generated in
. a sputter-type ion source operated at -150 kV.
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. analyzing magnet.
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: magnet into the 55° east beamline and allowed to
: traverse a thin multiple scattering gold foil.
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The test facility
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Visualizing Particles




The AC-LGAD silicon sensor

AC-coupled Low Gain Avalanche Detector

Silicon detector proposed in 2015

AC-signal
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dielectric z
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The AC-LGAD silicon sensor

Excellent time resolution (LGAD-like) thanks to internal gain

Excellent space resolution thanks to Sils[EIRSETlale

electrodes

particle hit

Shared signal seen by pads
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The AC-LGAD silicon sensor

Excellent time resolution (LGAD-like) thanks to internal gain

Excellent space resolution thanks to Sils[EIRSETlale

particle hit

Shared signal seen by pads

electrodes
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The AC-LGAD silicon sensor

Signal shared among multiple pads (pixels/strips)
Pad response proportional to distance to interaction

Allows for high spatial resolution with low granularity
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The detector we will use

DUT: Strip AC-LGAD
Total active area: 5x5 mm?
Divided in 9 strips (8 read out)
Strip pitch 500 um
Designed and fabricated @BNL

Each channel readout via dedicated
2-stage amplification

Signals acquired via 8-channels
oscilloscope

24



AC-LGAD at the Tandem accelerator
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AC-LGAD at the Tandem accelerator
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The day of the Test-Beam

Monday Oct 16"
Tuesday Oct 17t




. 8:00 Bus to BNL
. We will meet at Danfords

. 8:30 Safety course - Tandem Van de Graaff

. Meeting in front of the Tandem Van de Graaff building

: (901A). : P
. Everyone will receive a short safety course on how to © 13:00 Data taking (Groups 2 and 3)
. work safely in the facility. - E

: 10:00 Calibration procedure and start of data taking
. (Group 1)

Monday 16th - Morning Monday 16th - Afternoon Tuesday 17th - Afternoon

08:00 Bus to BNL = 13:00
3:00 Group 3: Beam Bus to BNL
Test
Danfords 08:00 - 08:30 Danfords 13:00 - 13:30
Y Group 3 4: N Gi 6: Bt G 7:B
Group 6: Group 7: Radio | Group 4: Group 5: Group 1: qmlfp E t Gvou[_: 3 Data | SronE S cam i eam
Liquid Ast Eacility Te Facility Tc Eacility Te Liquid Argon Electronics Acquisition Quantum Silicon
|c!u«v stronomy -acility Tour lity Tour -acility Tour Networking D
Scintillator
09:00 Group 1: Tour Group 3: Tour JECUTE RS Group 6: Tour || Group 7: Tour e 4:00
of Tandem of Tandem of Tandem of Tandem of Tandem o
0:00 Group 3: Group 4: Group 5: Group 6: 5:00 5:00
Facility Tour Facility Tour Facility Tour Facility Tour Facility Tour &
13:00 - 15:30 13:30 - 15:30 13:30 - 15:30 13:30 - 15:30
Group 4: Beam Group 2: Group 3: Group 1:
Test Facility Tour Facility Tour Facility Tour
11:00 6:00 6:00 Group 6: Group 7:
o Facility Tour Facility Tour
10:00 - 12:00 10:00 - 12:00 10:00 - 12:00 10:00 - 12:00 10:00 - 12:00
12:00 e T 17:00
(provided by s
10:00-12:30 Sl
15:30 - 17:30 15:30 - 17:30 15:30 - 17:30
13:30 - 18:00 13:30 - 18:00 13:30 - 18:00 13:30 - 18:00 13:30 - 18:00
13:30 - 18:00
T 18:00 Bus to Hotel
18:00 Bus to Hotel
b535 18:00 - 18:30

b535 18:00 - 18:30




Data taking procedure - User Area
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Data taking procedure - Analysis Area
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Data taking procedure
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Dta taking procedure
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Amplitude

Analysis software

Signals will be saved in .csv (comma
separated value) databases (one per
event)

Time

Y

o o TN N

=

e_Channell

-0.000000020878
-0.000000020478
-0.000000020078
-0.000000019678
-0.000000019278
-0.000000018878
-0.000000018478

-0.000000012478
-0.000000012078
-0.000000011678
-0.000000011278
-0.000000010878
-0.000000010478

-0.0000000068778

-0.0000000056778
-0.0000000052778
-0.0000000048778
-0.0000000044778
-0.0000000040778
-0.0000000036778

-0.0000000032778
A AnAnAnANna770

Amplitude_Channell
78

ime_Channel2

-0.000000021203
-0.000000020803
-0.000000020403
-0.000000020003
-0.000000019603
-0.000000019203
-0.000000018803
-0.000000018403
-0.000000018003

-0.000000012803
-0.000000012403
-0.000000012003
-0.000000011603
-0.000000011203
-0.000000010803
-0.000000010403

-0.0000000084029
-0.0000000080029
-0.0000000076029

-0.0000000052029
-0.0000000048029
-0.0000000044029
-0.0000000040029
-0.0000000036029

-0.0000000032029
A AAnAnAnnnona

Amplitude_Channel2Time Channel3 Amplitude Channel3Ti
0. 0.0

0052

-0.000000023607
-0.000000023207

-0.000000021207
-0.000000020807
-0.000000020407
-0.000000020007
-0.000000019607
-0.000000019207
-0.000000018807
-0.000000018407
-0.000000018007
-0.000000017607
-0.000000017207
-0.000000016807
-0.000000016407

-0.000000014007
-0.000000013607
-0.000000013207
-0.000000012807
-0.000000012407
-0.000000012007
-0.000000011607
-0.000000011207
-0.000000010807
-0.000000010407
-0.000000010007
-0.000000009607
-0.000000009207
-0.000000008807

-0.000000005207
-0.000000004807
-0.000000004407
-0.000000004007
-0.000000003607

-0.000000003207
A AnAnAnANnanT

e_Channeld

-0.00000002071
-0.00000002031
-0.00000001991
-0.00000001951
-0.00000001911
-0.00000001871
-0.00000001831

-0.00000001551

-0.00000001271
-0.00000001231
-0.00000001191
-0.00000001151
-0.00000001111
-0.00000001071

-0.0000000055101
-0.0000000051101
-0.0000000047101
-0.0000000043101
-0.0000000039101
-0.0000000035101

-0.0000000031101
A AAAAANNY7101

Ampi

ide_Channeld
0.00154
0.00118
-0.0011
-0.00182

0.0015
0.0013
0.00126
0.00106
0.00002

PY Ve

ime_Channel5

-0.000000020668
-0.000000020268
-0.000000019868
-0.000000019468
-0.000000019068
-0.000000018668
-0.000000018268

-0.000000012268
-0.000000011868
-0.000000011468
-0.000000011068
-0.000000010668
-0.000000010268

-0.0000000058682
-0.0000000054682
-0.0000000050682
-0.0000000046682
-0.0000000042682
-0.0000000038682
-0.0000000034682

-0.0000000030682
A AnAnARANRRES

Amplitude_Channel5Time_Channel6

-0.00124

0.00052
0.00088
0.00132
0
-0.0014
-0.002
-0.00292
-0.00368
-0.00328
-0.0002
0.00272
0.00308

0.00088
0.00168
0.00008
-0.00048
0.00068
0.00128
0.00036

Ananan

-0.000000023665
-0.000000023265

-0.000000020865
-0.000000020465
-0.000000020065
-0.000000019665
-0.000000019265
-0.000000018865
-0.000000018465
-0.000000018065

-0.000000013665
-0.000000013265
-0.000000012865
-0.000000012465
-0.000000012065
-0.000000011665
-0.000000011265
-0.000000010865
-0.000000010465
-0.000000010065
-0.0000000096653
-0.0000000092653
-0.0000000088653
-0.0000000084653
-0.0000000080653
-0.0000000076653
-0.0000000072653
-0.0000000068653

- 3
-0.0000000056653
-0.0000000052653
-0.0000000048653
-0.0000000044653
-0.0000000040653
-0.0000000036653

-0.0000000032653
A AnARAnANnaRRS

Amplitude

ime_Channel7
-0.000000023613
-0.000000023213

-0.000000021213
-0.000000020813
-0.000000020413
-0.000000020013
-0.000000019613
-0.000000019213
-0.000000018813
-0.000000018413
-0.000000018013

-0.000000016013
-0.000000015613
-0.000000015213

-0.000000014013
-0.000000013613
-0.000000013213
-0.000000012813
-0.000000012413
-0.000000012013
-0.000000011613
-0.000000011213
-0.000000010813
-0.000000010413

-0.0000000084131

-0.0000000052131
-0.0000000048131
-0.0000000044131
-0.0000000040131
-0.0000000036131

-0.0000000032131
A AAAAAANNN0191

Amplitude_Channel7Time_Channel8

-0.000000023549
-0.000000023149

-0.000000021149
-0.000000020749
-0.000000020349
-0.000000019949
-0.000000019549
-0.000000019149
-0.000000018749
-0.000000018349
-0.000000017949
-0.000000017549
-0.000000017149
-0.000000016749
-0.000000016349

-0.000000013149
-0.000000012749
-0.000000012349
-0.000000011949
-0.000000011549
-0.000000011149
-0.000000010749
-0.000000010349
-0.0000000099492
-0.0000000095492
-0.0000000091492
-0.0000000087492
-0.0000000083492
-0.0000000079492
-0.0000000075492
-0.0000000071492
-0.0000000067492
-0.0000000063492
-0.0000000059492
-0.0000000055492
-0.0000000051492
-0.0000000047492
-0.0000000043492
-0.0000000039492
-0.0000000035492

-0.0000000031492
A AnAnANANS 7409

33

Amp

de_Channel8



Analysis software

Filter files by name O\ |
M/ - /edit_school / plots /
= Name - Last Modified File Size
e [M] Edit_School_2023.ip... 8 hours ago 639.3 KB .00
H H H = M Trigger_10000_Ampli... 8 hours ago 119.4 KB
We WI" pr.OVIde a Slmple anaIySIs M Trigger_10001_Amplit... 8 hours ago 109.3 KB
software in Pyth0n3 to extra pOlate M Trigger_10002_Ampli... 8 hours ago 136 KB —0.02.4
H . | Trigger_10003_Ampli... 8 hours ago 113.5 KB
Ir.nportant param?te rs Of va u I red | Trigger_10004_Ampli... 8 hours ago 139.4 KB
Slgnals (max ampl |tude, fWhm, etC_) M Trigger_10005_Ampli... 8 hours ago 136.8 KB %
M Trigger_10006_Ampli... 8 hours ago 133.8 KB B —0.04 4
. . | Trigger_10007_Amplit... 8 hours ago 139.5 KB é
Data WI” be Sto red In Pandas | Trigger_10008_Ampli... 8 hours ago 143.9 KB
H . M Tri & . i... ou
DataFrame containers and plotted using Taser-ao0s Ame! srowseso WL —oos!
. . R . | Trigger_10010_Amplit... 8 hours ago 87.1KB
the Matplotlib package (instructions will ~ mwissersoonampic.  shoursage 10928
H | Trigger_10012_Amplit... 8 hours ago 125.2 KB
be prOVIded) M Trigger_10013_Amplit... 8 hours ago 83.9 KB ~0.08 4
M Trigger_10014_Amplit... 8 hours ago 164 KB ’
| Trigger_10015_Amplit... 8 hours ago 131 KB :
| Trigger_10016_Amplit... 8 hours ago 125.5 KB -1
M Trigger_10017_Amplit... 8 hours ago 116.3 KB
M Trigger_10018_Amplit... 8 hours ago 165.5 KB
M Trigger_10019_Amplit... 8 hours ago 147 KB
. Many thanks to:
. Ashley Jammel Brooks [ Indiana U. ] : _ . _ _
. Emily Duden [ Brandeis U. ] g Analysis code, instructions, and a sample dataset are available at:

Aaron Petersen [ Brandeis U. ]

for their work on the analysis code.

Trigger 10000 - Amplitudes vs. Time

Channels
—— Amplitude_Channell Trigger 10000

—— Amplitude_Channel3 Trigger 10000
—— Amplitude_Channel4 Trigger 10000

—— Amplitude_Channel2 Trigger 10000

https://github.com/GDamen/EDIT2023-TestBeam

Time le-8
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Analysis software

| A C F G K M 0 P
Ampl[mV] Amp2[mV] Amp3[mV] p4[mV] pS[mV] p6[mV] Amp7[mV] p8[mV] FWHM1[ns] FWHM2[ns] FWHM3[ns] FWHM4[ns] FWHMS5[ns] FWHM6[ns] FWHM7[ns] FWHMS8[ns]
H H (| 21.04 18.78 2
Extrapolated parameters will be saved in 5
| 4 | 64.18 16
| 5 | 39.3 36.08 2 2
results.csv 3 2
| 7 | 19.5 19.42 36.8 10.52 2 2 16 2.4
ready for you to analyze 5 - 2
KN 13.42 20.72 11.6 82.28 22.16 2.8 1.6 1.6 2 2
155 37.84 31.96 12.22 2 2 2 2
| 11 | 28.3 42.28 2 2
| 12 | 26.56 2
(R3] 32.12 33.3 1.6 1.6
| 14 | 11.76 60.42 24 16
| 15 | 29.7 16
11.04 28.16 16.48 24 2 2
53.6 92.32 24 24
35.98 2
| 19 | 38.04 1.6
Channel 1 Channel 2 Channel 3 Channel 4 m 24.02 40.48 31.52 13.96 2 2 2 24
o0s “ I (B0 29.32 36.32 2 16
ol BrA 4252 1.6
0 23] w72 2
r - | 24 ] 15.06 115.28 95.6 10.6 2 2 2 2.8
. b ol ] | 25 | 15.72 2
2 Som - Soss | 26 | 28.98 2
2 H 2 E | 27 | 30.82 10.46 33.48 1.6 24 2
2ol L J L [ 28 | 13.74 2
- H L oz 29 | 196 24
L | 30 | 38.02 15.32 18.8 1.6 2 1.6
4 L Eya 23.7 28.72 11.96 16 2 1.6
! b H R | 33 | 25.52 2
I . 2o i & n e - i, | 34 | 35.94 27.02 10.2 67.88 19.02 24 2 1.6 2 2.4
TR e e W L N N Ceie VR 5
K 24.4 16
Channel 5 Channel 6 Channel 7 Channel 8 mm 34.24 2
** b 952 ‘;E. a8 35.66 58.24 12.08 = 16 2 2
’ a0 ‘ | 40 | 215 10.84 56.32 23.24 2 2.4 1.6 1.6
J 471 2404 16
| 42 | 32.2 2
‘ L 1 | 43 | 14.78 36.16 14.2 24.98 24 1.6 2.4 1.6
Foos [ 3 T oo 3 | 44 | 33.76 2
] 5 H H | 45 | 23.52 18.28 2 24
‘ } | 46 | 31.42 26 22.84 2 2 1.6
A i L | 47 | 26.66 1.6
‘ L b | 48 | 27.94 26.34 2 2
- oo . oo | 49 | 17.96 24.24 24 2
L | 50 | 146 2
& b 5 i | 51 | 16.04 215 1.6 1.6
Amplitude (mv] Amplitude (mv] Ampltude (mv] Amplitude (mv] | 53 | 25.52 22.08 14.9 2 1.6 1.6
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Final goals

e Operate the accelerator commands to focus the beam on the silicon sensor
e Interact with Tandem Van de Graaff operators in the control room

e Evaluate optimal data-taking strategy (time and amplitude window size, trigger logic
and thresholds, etc...) based on the physics of interest:

o Measure signal noise
o Measure signal amplitude
o Measure signal FWHM

o Measure signal slew-rate

If you want a challenge...
e Extrapolate shape of the proton beam

e Extrapolate percentage of shared signal on neighbouring strips
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Instructions




Sensor connectivity map

not connected

Oscilloscope
channels

A=W NOOOIN
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Setting up triggering scheme

@& NoMachine File Connections 2 Q R FriOct6 2:22PM
| = ——

NoMachine - Lcry3504n01781, Windows 7SP1

() File 3 Vertical =+ Timebase I Trigger & Display # Cursors El Measure @ Math |=* Analysis X Utilites @ Support Normal

(3"-\ B e O o A — ~~ e ~ RV W g o~ = P v il RN . » o
28, r— - - g = S P T e = P B S T e g X S <R -
o S e = M S el e S N S 3 ;hl*:vr';:‘:‘:? i = RS |

Data will be saved on each trigger.

Configure Auto Save

Disable Auto Save

A
Measure P1:ampl(C1) P2:frea(C1) P3:- - - P4:- - - [ R P6:- - - P7:- - - P8:- - -
value 684 mV 178.885 MHz — — — — — —
status R S
[OCS0] (SR 0 ] [SEN =] (C5 L=m)cs EER EN ) 5 Timebase 0.0 nsfTrigger |
20.0 mV/div 20.0 mV/div 20.0 mV/div 20.0 mV/div 20.0 mV/div 20.0 mV/div 20.0 mV/div 20.0 mV/div: + 5.00 ns/div| Normal
66.500 mV 65.000 mV 63.000 mV 64.500 mV 64.000 mV 64.000 mV 65.000 mV 64500mv): | | 125S 2.5 GS/s| Pattem
Save Recall Report Generator File Sharing Print Auto Save Email & Report Settings
Source File Last Saved File
“ e D:\EDIT_TESTBEAM\DryRun2-t.. \C4--XX-00228 csv
S— Waveform All Displayed , . D:\EDIT_TESTBEAM\DryRun2-take3\XX--XX-00228.csv p 06-Oct-2023 14:29:10
Table isid All Displayed . D-\Big_TIBAXX-Table—00000.txt ,  Browse

TELEDYNE LECROY



Important parameters to reconstruct

Trigger Trigger 00004 - Amplitudes vs. Time

- Signal FWHM [s]

- The full width of the
7 signal computed at
. 50% of the peak

. amplitude

. Signal Slew Rate [V/s]

Slope of the rising edge of
. the signal computed as

(V90% _ \/10%) [ ({90% _ 10%)

. Noise [V]
E : ZA ‘\,-Q . B\ At 0 A [N\ AA SO RS
| - L 000 1 2B R S A N I N A I S NN AN A I R IR DTN
. Standard deviation «— SN/ ¢f}‘..l‘\\~,~»'5' S\ e ¢ X ;dé e ,f
. of amplitude in : I
: . 1
- baseline ~0.01 - ,
j 1
.............................................. |
A 4 1
0.02 I
[} |
E 1
2 —0.03 A I
& .
....................................................... 1
) ) ' _0.04 4 Channels I
Signal Amplitude [V] —— Amplitude_Channell Trigger Trigger_00004 I
: —— Amplitude_ nel2 Trigger Trigger_00004 |
: . . g i itude_Channel3 Trigger Trigger_00004 !
§ Helght Of the Slgnal & —— Amplitude_Channel4 Trigger Trigger_00004 :
peak with respect to —— Amplitude_Channel5 Trigger Trigger_00004 I
. baseline, in absolute 5 —— Amplitude_Channel6 Trigger Trigger_00004 1
value 000 T — Amplitude_Channel7 Trigger Trigger_00004 ;
: —— Amplitude_Channel8 Trigger Trigger_00004
...................................................... —2l'5 —2|l0 —1|‘5 —]l“0 —(I)l5 O.IO 0:5 1.l0 1:5
Time le-8:



Structure of the Trigger xxx.csv datasets

: : : A B | D E F G H

Each trlgger represents the interaction of Amplitude_Channell [Time_Channel2  Amplitude_Channel2 Time Channel3  Amplitude_Channel3 Time_Channel4  Amplitude_Channel4
apa rticle with the sensor -0.000000023489 -0.00182| -0.000000023414 -0.0002  -0.000000023418 -0.00232  -0.000000023721 -0.00006
-0.000000023089 -0.00038| -0.000000023014 -0.00304  -0.000000023018 -0.00212  -0.000000023321 -0.00046
4 -0.000000022689 -0.00058| -0.000000022614 -0.00392  -0.000000022618 -0.00104  -0.000000022921 -0.00058
. . . . -0.000000022289 -0.00086| -0.000000022214 -0.0022  -0.000000022218 0.0004  -0.000000022521 0.00122
Each Trlgger_XXX. csv file contains info Ml -0.000000021889 -0.00042 -0.000000021814 0.00068  -0.000000021818 0.00008  -0.000000022121 0.00006
for all 8 channels -0.000000021489 -0.00174| -0.000000021414 0.00112  -0.000000021418 -0.00184  -0.000000021721 -0.00094
Bl -0.000000021089 -0.00118| -0.000000021014 -0.0002  -0.000000021018 -0.00104  -0.000000021321 -0.00146
g -0.000000020689 0.00098| -0.000000020614 0  -0.000000020618 0.00028  -0.000000020921 -0.0027
O -0.000000020289 0.00058  -0.000000020214 0.00076  -0.000000020218 0.0014  -0.000000020521 -0.00254
Waveform repre sentation for each -0.000000019889 -0.0023  -0.000000019814 0.0006 -0.000000019818 0.0014  -0.000000020121 -0.00082
. ) -0.000000019489 -0.00154| -0.000000019414 -0.00076  -0.000000019418 0.00044  -0.000000019721 -0.0007
channel is store in two columns: -0.000000019089 0.00054 -0.000000019014 -0.00004  -0.000000019018 0.00024  -0.000000019321 0.00042
/@l -0.000000018689 0.00242 -0.000000018614 0.00236  -0.000000018618 0.0006  -0.000000018921 0.00146
-0.000000018289 0.0015 -0.000000018214 0.00244  -0.000000018218 0.00244  -0.000000018521 -0.00154
Time ChannelN M -0.000000017889 0.0001] -0.000000017814 0.001 -0.000000017818 0.00176  -0.000000018121 -0.00478
—_ -0.000000017489 0.00094] -0.000000017414 0.00028  -0.000000017418 0.0012  -0.000000017721 -0.00258
[ti me coordi nate] sl -0.000000017089 -0.00082 -0.000000017014 0.00076  -0.000000017018 -0.0008  -0.000000017321 -0.00082
Sl -0.000000016689 -0.00246] -0.000000016614 0.0024  -0.000000016618 0.00084  -0.000000016921 0.00146
9 -0.000000016289 0.00302] -0.000000016214 0.00016  -0.000000016218 0.00036  -0.000000016521 0.00234
. -0.000000015889 -0.00014| -0.000000015814 -0.00076  -0.000000015818 0.00012  -0.000000016121 0.00058
Am p litude ChannelN -0.000000015489 0.00054] -0.000000015414 -0.00164  -0.000000015418 0.00028  -0.000000015721 -0.00346
— . -0.000000015089 -0.00078| -0.000000015014 -0.00188  -0.000000015018 0.0014  -0.000000015321 -0.00522
[am pI itude coordi nate] 7l -0.000000014689 0.00058 -0.000000014614 -0.00196  -0.000000014618 0.00168  -0.000000014921 -0.00266
-0.000000014289 0.0011] -0.000000014214 -0.00284  -0.000000014218 0.00088  -0.000000014521 0.00134
3 -0.000000013889 0.00046) -0.000000013814 -0.00292  -0.000000013818 -0.00092  -0.000000014121 0.0011
-0.000000013489 0.0001] -0.000000013414 -0.00308  -0.000000013418 0.0008  -0.000000013721 0.00002
sl -0.000000013089 -0.00034] -0.000000013014 0.002 -0.000000013018 0.00052  -0.000000013321 -0.00014
Sl -0.000000012689 -0.0005  -0.000000012614 0.00008  -0.000000012618 0.0002  -0.000000012921 -0.00162
9 -0.000000012289 0.00246| -0.000000012214 0.00084  -0.000000012218 -0.00048  -0.000000012521 -0.00114
-0.000000011889 -0.00338| -0.000000011814 0.00016  -0.000000011818 -0.00128  -0.000000012121 0.00174
-0.000000011489 0.00186| -0.000000011414 -0.00004  -0.000000011418 -0.00236  -0.000000011721 0.00138
-0.000000011089 -0.00118| -0.000000011014 0.00072  -0.000000011018 -0.00188  -0.000000011321 0.00066
@ -0.000000010689 -0.00066| -0.000000010614 -0.0016  -0.000000010618 0.00052  -0.000000010921 0.00138
-0.000000010289 0.00094 -0.000000010214 -0.00092  -0.000000010218 0.00148  -0.000000010521 -0.00046
8 -0.000000009889 0.00254] -0.0000000098141 0.00208 -0.0000000098182 -0.00084  -0.000000010121 -0.00042
-0.000000009489 0.00178 -0.0000000094141 0.0012 -0.0000000094182 -0.001 -0.0000000097214 -0.00038
sl -0.000000009089 0.00118 -0.0000000090141 0.00132 -0.0000000090182 -0.00056 -0.0000000093214 -0.00042
Sl -0.000000008689 -0.00138| -0.0000000086141 0.00328 -0.0000000086182 -0.00064 -0.0000000089214 -0.0015




How to use Pandas DataFrame

library to use Pandas DataFrame
your group number
trigger file we want to open

loading DataFrame from you the Trigger file
we want to read

loading the content of the Amplitude Channel
1 and 2 columns of Trigger_00005.csv

name of the columns used in our new
DataFrame
create a new DataFrame

set the content of the row [trigger_number] of
columns Amp1[mV] and Amp2[mV]

save DataFrame to file

import pandas as pd

input path = 'pandas df/' + test name + '/'
trigger number = 5
df signals =

read csv (f{input path}Trigger 0000{trigger number}.csv')

ampsl = df signals['Amplitude Channell']
amps2 = df signals['Amplitude Channel2']
columnnames=["Ampl [mV]", "AmpZ[mV]"]

df results = pd.DataFrame (columns = columnnames, dtype =

df results[‘Ampl[mV]’]
df results[‘AmpZ[mV]’]

.loc[trigger number] =
.loc[trigger number] =

max (ampsl)
max (amps2)

df results.to csv(os.path.join(input path, 'results.csv'),
index=True, index label='Trigger', encoding='utf-8")
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How to plot using matplotlib

library to read Pandas DataFrames
library to plot

your group number

loading DataFrame from your ‘results.csv’ file
number of bins of your histogram
create your canvas

put the content of the column ‘Amp1[mV]’
from the DataFrame into an histogram

set plot title

set label of x axis
set label of y axis
show the plot

import re
import pandas as pd
import matplotlib.pyplot as plt

general path = '/Users/omega/EDIT2023/"'
test name = 'group-0'

output path = general path + 'pandas df/' + test name + '/'

df results = pd.read csv(os.path.join(output path,

binning = 50

fig, axs = plt.subplots(l, 1)

'results.csv'))

axs[0, O].hist(df results['Ampl[mV]'].dropna(), bins=binning, range

= [0, 150], histtype='step', density=True)

axs[0,0].set title('Channel 1'")
axs[0,0] .set xlabel ('Amplitude [mV]")
axs[0,0] .set ylabel ('counts [a.u.]")
plt.show/()
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The GUI

Amplitude [V]

0.100

Signals

0.075 A

0.050 1

0.025

0.000

—0.025 1

—0.050 1

—0.075

Signal generated by particle
interaction on each channel

—0.100

-2 —1 0 1 2
Time [s] le—-8

Strip

Reconstructed position of
particle interaction based on
relative signal amplitude

Position on AC-LGAD
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