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HARPO

* Introduction to the HARPO project

e Setup at the NewSUBARU photon beam
* Gas monitoring

e Trigger with micromegas signal

e Other experiences

e Conclusions
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HARPO .
INVETS1011

A

The incoming photon interacts with the gas and
decays into an electron-positron pair




HARPO

The electron and positron travel through the gas
(mostly Argon) and ionises it, freeing many electrons
and positive ions

This takes a few nanoseconds
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LN HARPO Demonstrator

e Purpose

— Assess challenges

- Demonstrate performance in test beam
 Realisation

— 30cm cubic TPC

- Ar/iC,H,, 95/5 up to Sbar

— micromegas+2GEM amplification

— 2x288 strips readout (x&y), 1mm pitch

— AFTER readout electronics,
511 time bins, up to 50MHz (33 used)

— trigger: 6 scintillators
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HARPO Shipping equipment

| == = EE " Departure from LLR
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Arrival in NewSUBARU| \  ° _ . — =
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HARPO NewSUBARU
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NewSUBARU U/(L_

photon beam

e Polarised gamma ray beam

- Inverse Compton
— electron beam 0.6, 1., 1.2 or 1.5 GeV
- laser Nd (1o or 2w), Er or CO2
= > polarised photons 1.71 to 72.3MeV

e Pulsed mode
— Nd: 20kHz, Er:200kHz, CO2: not
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HARPO L.aser beam

2014-12-11 Measurement of polarised gamma rays in the HARPO TPC 18/41
Philippe Gros, LLR



_V__

HARPO HARPO in beam
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_V__
Beam campaign

 —20 days of data taking
* 13 gamma energies, beam polarised or not

* 4 TPC orientation for angle systematics
e >60Mevents, >1TB of data

e probably >20% gamma converted in gas

7000001

Angles

6000001
5000001
mOo0e 45

4000001

3000001

#events
[ |

. 0 A-45

2000001 | [ |

1000001 | - | |
2014-12-11 1 T B ’ 21/41

1 Egamma [MeV] 100




HARPO

AubFefrsh Pelyld]

Diplay Curert Event

|

ezt Event

Pryious Event

Save Plots

H
H
H
H

w 5 g o

I BE

w § g Spelge
EE

o
)
™
&)
)
w0
)
P
1
o
ERCECEETE 1610 1 g 16 wbap
T R
B
w
1
)

itoring

HARPO Monitor

Feminos: Run 1319, Event 1853 (21.625)

PMM2: Run 1319, Event 1427081, 286 387

Gurent Event | Cumubated data | Trggerdata | P2 data | Trmversing tmcke

X direction
'F00F o 40(
E L
Ts0p CVt 1663 &l
| Gamma, L
[ar}
= i} 30
Q
200§
25
150y _ 2((
15
100}
106
508 -
i 50
oL MG E— N,
0 100 200 300 400 500
time [t.b.]

Y direction

]
=]

b chann&l [1mm]
o

00y

150y

100}

507

evt 1663 -
Gamma, L :

ol
0

100 200 300 400 500
time [t.b.]

40(

35(

30(

25(

20(

15

10(

S0(

0

22/41



ARPO lonitoring

7 HARPO Monitor -+ x

AutoRefresh B z- Feminos: Run 1319, Event 1863 (21 62s)

PMMz2: Run 1319, Event 1427001, 2686 367
Diplay Curert Event

Curent Event Cumubted dat | Trggerdata | PMm2 data | Trmversing trmcke |
Hezt Event

Pryious Event

Save Plots g E
= =
[ XEwmm | [ Yawam ] E E
i - i : g g
3 i N = £
3 L ¥ : ks e e
2 3 | L
160| I - fis
o - fion o - fio
R e
time (Lb.] timie [LB.]
e "
Pixel Charge | [ Tmin |
16| 16| F F
10*
L B E
[T Ammln [T Ammln 3 F
2t sl 0wk
Chonos (camied) | [ Eecme 1 E
“
w 10°
p o F
f§ 10 O
» E
M F
o \ 1 ‘ .
o E
TR G fabad 107 10° Q  [ADC] 0 100 200 300 4 To ﬁg?
pixel min
[ remme ]
“ B x1d Channels (c dy | [ Event Charge |
- E )= F
- w 80 L
i o 70E r
p ! 60F-
| A ! g S0E- 10
40 5
o [ eway ] 30E- L
4 - B 20 r
2 } o 10E- 1
: . oE . ‘ E L L .
» g 0 50 100 150 200 250 300 g 4 s . g .
s = N channel 10? 10 10 10 107 Qlo [ADJY

23/41




HARPO to rin g

7 HARPO Monitor - + x

AutoRefresh B z- Feminos: Run 1319, Event 1863 (21 62s)

PMMz2: Run 1319, Event 1427001, 2686 367
Diplay Curert Event

Current Event | Cumubied data Tiggerdata | PHM2 data | Traversing trcks

|
Heat Event |
Prvous Evrt | Trigger Rate
— | Eeof B Empty o yT— -
.60 E Il Traversing =AY
8 _.F [ ]Created &
=50 Created: 18HZ| g camuratea =0°
?é 40:_ Empty- -Other 102
2.0 TTz: 49 .
S 300
= _F 10
200 PMs
10F !
O:nN: IS~ = SRS QS U R [ B+ 10-] (T T T WU T T T T A YA U
T iyl E;E;Emggz : 0 700 200 .
e B ;E g Y2E =222 © time [s]
s , &OO } e g Traversing Z: 703Hz/783Hz
b S G s ﬁ)ooj [ Created gl T Gamma, L: 186Hz/68Hz
r N Saturated
[ ] —_ C N
“ B C Il Other No Up, L: 193H2/161Hz
R 00
: ' 3001
. . 00[-
i ! , 400F
&’W‘ 200}
5 3 r
% N Ogm: = a2 w MHH\|‘
: - g 2 £ §983 07T030736 4050 6070 R 90 K
2 : EREEA EEcE ST [ms]

24/41




HARPO | ' Orin g

7 HARPO Monitor - + x

AutoRefresh B z- Feminos: Run 1319, Event 1863 (21 62s)

PMMz2: Run 1319, Event 1427001, 2686 367
Diplay Curert Event

Cument Event | Cumulsted data | Trggerdat PMm2 data | Teveming tmche |

|
Heat Event |
Freeis Ever | PM signal rate PM efficiency |
Save Phots | ’moz = goog e iSO@
| E‘ F " Triggered signals :90 E 1 =
L1 -k @ £'80F 003
2 s E i = —4008
i < L 101 " All signals 5 70; 1 ~
- - g & 60 3000
e L S0 cy>=96.3 % 1
. I 40 2000
3 301 ]
F 205 {1000
- 10 ]
10 1 L] | L m | OE e s s s s AR ]
2 4 6 8 10 12 0 8§ 10 12 14 lg
e B PM channel Channel
! | QO00F 0 16 10°
o | a [ C
b I T ] 5800; 14; 105
- o f 12E
| | L = a— E— C
. T S 1 100 10°
. bl goor— ——— B
: ’ = — 85 10°
. ) Y — —— 6F 2
Ltelpracec] ot E S 10° af 10
e - .
ol r 2 C
2 B L n
L N L. 1 I I ! I ! E
p N O L L L L L L O | | | | PRI ERTRRTER I ERRTHN AT
“ . 2 4 6 8 10 12 0 2 4 6 8§ 10 12 14 16
ﬁ N Channel

25/41




~ HARPO Monitor - + x

AutoRefresh B z- Feminos: Run 1319, Event 1863 (21 62s)

PMMz2: Run 1319, Event 1427001, 2686 367
Diplay Curert Event

Cument Event | Cumulsted data | Trggerdata | PHme dat Trversing tacks |

30000
25000

|
Heat Event |
Previus vt : 00 ‘ Q vs T (traversing tracks) 0 00 ‘ Q vs T (traversing tracks)
Save Plts g : R S PR -
e 5000 ' 5000 45
L a3 3Booo 25 $ooo
g *‘:f - §3000 ho 53000

i
i

20000 20000
15000 10 45000
10000 10000

5000

200 300

Chanoe fomied) | |
- 0 ‘ Gain vs Time |
o 30F — 1F
‘ F SN
. ) F 00.95
T T W i e 25 E S{}S;

T . 2075
. - 20F S07E
R FS F 00.6F
: i B o
. " 15F 5.5
. E Sn A
. [l o ,_c:04f
L ' 10 o

T e C §03?

o [P ] 5:* 20.2
5 ; : 3
% N O:.Hm‘Hl..‘ul\um‘m"l.”\ OE"
w R 0 100 200 300 40 0 10 .20
E o Tmaxprmm [Fbof time [s]

26/41




_V__
LIUAN Intermede animalier 2



_V__
HARPO gas system I_/I/(L-

e Sealed vessel

e [eaks minimised in vacuum with He system

* Gas filling procedure
— vacuum pumping (<10-bar)
— “rinsing” with gas mixture ~100mbar
— vacuum pumping (~10-"bar)
- 2 bar fill
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Gas monitoring

* No direct measurement of the gas

e Monitoring with track data

— High momentum traversing tracks in Z

— ~uniform energy deposition along Z (if corrected
for angle)

— Simple access to gain, drift velocity and absorption

- Dedicated trigger line => ~2% of the events
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HARPO evolution
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Gas stability L/I/(L.

e 23 days in beam with same gas

* Almost no leak (no pressure loss)

e Slight decrease of Vdrift
e Stable gain

e Not much contamination (absorption). Longer
analysis (with more statistics) necessary.
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__V__
Trigger performance

* Further analysis of course needed

e “By eye” it worked well

— Most events originate on the beam
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N/
Space charge?

Ballistic deficit?

* Observed signal loss at the center of the
detector (beam axis)

— Only at high rate

— space charge? ballistic deficit? other?
» “Ballistic deficit”
— shaping 116ns
— tracks in Z direction => several us signals

 Improved by misaligning the detector
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N/
LR Conclusion and outlook

Successful beam campaign with gamma rays

Good gas stability over more than 20 days

Good trigger performance
Most issues related to high rate in beam

Lots of work necessary for quantitative results...
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i Mercil

e Service de mécanique
- conception, fabrication

» Service €lectronique

» Service informatique

e Service administratif

— mission Japon, MoU, ...

2014-12-11 Measurement of polarised gamma rays in the HARPO TPC 41/41
Philippe Gros, LLR



HARPO

E

nnel,
o
()

50

250 Y

=1.71 MeV

0
0

100 200 300 400 500
time [tb]

4000 00 f
g -

3000

2500 200
2000
1500
1000
500

150

100

50

O_H
0

100 200

300 400 50

0

time [tb]




IV L/I/(L

43/41




N/
Pressure scan

* One day dedicated to pressure scan

- “Clean” gas at 1, 1.5, 2, 3 and 4 bar

- Signal amplitude (dE/dx x gain) ~fixed
(Adjusted on the fly)

— At high pressure, cathode voltage was limited

e Good running condition at all pressures

e Increasing micromegas current spikes at high
pressure

— matching GEM over current => physics?
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