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Electron Beam

*E < 105 MeV
el < 1TmMA

Jet Target

* windowless target
e from H to Xe

2 Spectrometers

* Focal Plane
* 700 mm (dispersive)
* 150 mm (drift)
* 200 mm (depth)




Elecirons & -Positrons

C— e" e)—
A )
e s R <

J
/
! v f F ‘ Momenta
Electron : : Angles
Scattering Pair Production

e Elastic or e cte-

inelastic coincidence
e Form factor e With SM or dark

measurements U(1) photons

* Proton radius



FocalPlane

Need detector to measure

e Position x and y
* Angles ¢ and ¢

DA

e Easiest approach: hodoscope —_— Y4
* Multiple scattering in 1st —
detector limits angular resolution / 1\

e Remember: 105 MeV electrons!




Material Budget

Foil
Readout
GEM Kapton REauEUGELE 100 pm
Kapton GEM Kapton
0.38% X,
Default triple GEM detector
0.96% X_
GEM Kapton =
'o.zz% X,
type radiation thickness [X,] scatterlng angle [deg] @ 100 MeV
default 0.95 %
thin readout 0.38 % 0.4

chromium GEMs 0.22 % 0.3



Total charge accumulated per channel

Enties 5268979
Mean 1013
StdDev 6342

]
115 120
Channel Id

6




X [mm]
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New - Spectrometer Design
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New Specirometer Design

Focal Plane Size
@ Magnification M = —0.45701

e 640 mm (dispersive) ® Imaging:
* 140 mm (non-dispersive) 9:p 9op Jop Oyp 0.00055 0.00001  0.00000 0.00000
o 9:0 9e® o 00 | [ 0.01098 0.46056  0.00000 0.00000
e 200 mm (depth) = | 9.0 9,0 30 2,6 | ~ | 0.00000 0.00000 —3.74665 0.09838
35 D5 By By 0.00000 0.00000  0.31631 0.25873
Detector not filted
@ Resolutions:
¢ less material to traverse Assumed Detector Resolutions: beam size = 0.10000 mm
) x(disp) = 0.10000 mm
* mapping not constant y - 0.10000 mm
disp = 3.49066 mrad =0.2
non-d = 3.49066 mrad =0.2
Target Resolutions: dp/p = 0.00006
do = 1.60781 mrad = 0.09
de = 6.54815 mrad =0.38
dy = 0.06065 mm
@ Solid angle:

R=76mrad = AQ = 18.1msr
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VMM

hans.muller@cern.ch

Photo: 2 x wire-bonded VMM2 chips -> new VMMS3 board fully routed
— HDMI link 1 DTCCP

o & IR 000
v
AC coupling ‘ Y O
& E oDS! o
spark protection JTAG
¥ Companion FPGA
Panasonic 130 pin i
connector for MPGDs . Foma
Will be replaced by nej
140 pin HRS connector
— HDMI link 2 DTCCP
Detector GND MMCx Neighbor-channel via MMCX




MXTPC - Numbers

Tripple GEM

* Voltages:
e GEMs: 360 - 329 - 293
e Transfer: 720 - 720 - 720

Gas

* Ar:C0O2 90:10
*10L/h

Readout PCB

e Padsize: 2 x 8 mmA2
* 50 rows

e 12 columns

* 600 pads

Readout Electronics

*6 VMMs @ TPC
*1 VMM @ Trigger

Fieldcage

* Copperrings 0.5 mm
e pitch 2.5 mm

* 28 rings

7 cm drift




@@gmtime« 2019

*Energy fixed 855 MeV
eRates up to 1 MHz
TPC

3 GEMs
e/ cm drift

Sawnss M )\ e | 6 VMMs @ TPC
™~ N *1 VMM @ Trigger



Beamiime 2019

Beam

*Energy fixed 855 MeV
eRates up to 1 MHz

G
UMME  Jrin g, TPC

T e 3 GEMs
B " o7 cm drift

Readout

*6 VMMs @ TPC
1 VMM @ Trigger

o |

&

2
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Beamiime 2019

TPC BT NOVY9

106 -
10° =

104 =

BEAM;SCAMON;FRQE;COI
HVPOWER:04:00):yMON
SPECS:TPC:AR:GETGASFLOW
SPECS: TPC:CO2;:GETGASFLOW
XWOTION; AX|SY.GE TPOSITION
XWIOTION; AX]S2:GE TPOSITION

NERRN

.....
.....

PELOXC

18



TPC BT NOVY@

10—1 -

BEAM:SCAMON:FRE:COI
HVPOWER:04:00):V1ON
SPECS:TPC:AR:GETGASFLOW
SPECS:TPC:CO2;GETGASFLOW
XWIOTION; AXISY;GETPOSITION
XWOTION;AXIS2:GETPOSITION
= N

NERRN

IR HKIREIKIINKT X X0 XK

PLOXC

CXOOCINROKE KM RO XK R FXROK I IOKAL

Gas Mixture




KXOOCINKOKE 30012 2K 2O XK 2 2 2K X XXX I X0 s XXX

Argon flow

COQ flow

double flow

online mixture check

-

0 9 18 27 39 52
time [min]

— — ¢ = stable

data runs

20



TPC BT NOVY@

BEAM:SCAMON:FRE:COI
HVPOWER:04:00):V1ON
SPECS:TPC:AR:GETGASFLOW
SPECS:TPC:CO2:GETGASFLOW
XWOTION; AX|SY;GE TPOSITION
XWOTION;AXIS2:GETPOSITION
wmnl.)

NERNE

IO RO HIREIOIIHKT X XX XK

PLOXC

CXOOCINROKE KM RO XK R FXROK I IOKAL

Gas Mixture

IPOXC] i




hitmap adc spectrum
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TPC BT NOVY@

BEAM:SCAMON:FRE:COI
HVPOWER:04:00):V1ON
SPECS:TPC:AR:GETGASFLOW
SPECS:TPC:CO2:GETGASFLOW
XWOTION; AX|SY;GE TPOSITION
XWOTION;AXIS2:GETPOSITION
wmnl.)

NERRN

IR HKIREIKIINKT X X0 XK

CXOOCINROKE KM RO XK R FXROK I IOKAL

Gas Mixture

PLOXC

IPOXC] i

LOXXICH I XOOTIKKLEI XK.




A

X-position parameter scan with Ar:C0O2 90:10
y-position b
5000 |
2 40004 °
= |- -
& 3000 .
S * .
C
S ° ® e ° °
cathode = 2000 - . . . . )
voltage £ . « o
© ° ® . ° L s : °
beOm 1000 - ° . ° : ° o : :
rate * . .t
0 1 [
4000 4500 5000 5500 6000 6500 7000 7500
I XK I XK YO KL I XK. cathode voltage [V]

24



TPC BT NOVY@

BEAM:SCAMON:FRE:COI
HVPOWER:04:00):V1ON
SPECS:TPC:AR:GETGASFLOW
SPECS:TPC:CO2:GETGASFLOW
XWOTION; AX|SY;GE TPOSITION
XWOTION;AXIS2:GETPOSITION
wmnl.)

NERRN

IR HKIREIKIINKT X X0 XK

CXOOCINROKE KM RO XK R FXROK I IOKAL

Gas Mixture

PLOXC

IPOXC] i

LOXXICH I XOOTIKKLEI XK.




Beamiime 2019

1654971956

drift zoom
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Entries 96544
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Meany 5204
Mean 2 1631

.. |StdDevx 3899

StdDevy 3671
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E Entries 52 P(
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Jrgger2VMM

trigger feed | MX | guelker 2019

Hirose FX10A-140P/14-SV1(71)

drifttime from fit [ns]

trigger tdc spectrum

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Mean

Std Dev

Underflow

Overflow

Entries 140545

-2.861

12.06

0

0

-

-200 -100 0 100 200
time [0.3 ns]

parameter scan with Ar:CO2 90:10 @ fixed driftdistance

4000 -

3500 -

3000 ~

2500 A

2000 -

1500 ~

1000 A

¢

4000 4500 5000

5500 6000 6500 7

cathode voltage [V]

000 7500
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Beamiime 2019

Analysis ongoing!

e Time resolution ~ 1ns
e Point resolution < 500 um
e Track resolution?

clusterfinder with weights
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