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~ Projects & Concepts ¢~

¢ NITEC EU HORIZON 2020 May 2015- May 2017 |

€ Triple thin GEM amplification (3 x 3 cm?) + pixel charge/time readout
¢ DCANT INFN CSN5 20142016 |

€ Carbon nanotubes with anisotropic directional response

¢ CYGNUS-RD INEN CSN5 2017-2018 |

€ Triple thin GEM amplification (10 x 10 cm?) + CMOS optical readout
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Effective Gain

Thin GE

M Amplification &

A

M. Alfonsi et al.,
NIM A 518 (2004) 106-112

! L] ! ! L] ! ! ! .
- Typical triple GEM
s,._ .
0 gain
w'h
0’
® ArKO, W0
©  ArCO/CF, (602020)
® ACO/CF, (451540)
® AKTF/CH, (65287)
1 | l |

| 4 P | E— |
900 950 1000 1050 1100 1150 1200 1250 1300 1350 1900
Vgl+Vg2+Ve3 (Volt)

® Particle conversion, charge
amplification and signal induction
zones are physically separated

¢ Large dynamic range: from 1 to

108 particle/cm? /s
¢ Gain up to > 104
¢ High stability/granularity

drift gap external field
Electron Microscopy of a GEM Foil
‘ lv”
| iGEM field
gas ampll-!. /11T
fication dh%
mage CERN GDO Group (2001)
collection gap

* Micro pattern gas detector

* Thin holes are etched in a
metallised kapton foil and a
potential is placed across it

* Very large electric field around
the holes (40 kV/cm) which
creates a localised electron
avalanche

GEM readout:

GEMs for electron amplification
and to block backdrifting ions.
Signals on the pads through
Charge Collection.

backdrifting ions

1.GEM for 0o

ion blocking

2.4+3.GEM
for gas Z
amplification 22 mm .

sl

Two-Track-Resolution: ~mm?

GEM 1 I |
[);](iS E—— C— S—— —
N

Signal distribution
on the pads
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INFN

NITEC

a Negative lon Time Expansion Chamber
for directional Dark Matter searches

N
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NITEC detector ¢~

Carbon Nanotubes (see later)

Cathode

|

- Field cage rings

drift direction

GEMPix = triple thin GEM 3 x 3 cm?2 + TimePix

._g_’ Laptop
§ DAQ & HYV settings control
- E
=
7.5 mm
EEEEEEEEEEEEENI] GEM'I
1 mm
sasssssssassssi GEM 2 Controlled by HVGEM |
1 mm .
sessmssmsmmansr GEM 3 New field cage: rings support
2 mm . . .
S — to BlueBox DAQ structure (in black in the picture)
Quad TimePix 2.8 x 2.8 cm? manufactured with 3D printer

D
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¢ Developed by LNF in lNFN,
I X collaboration with CERN (-

Triple GEM detector with
HYV filters and connector

o (&) U
Triple GEM — Q ? * e TimePix
Quad Timepix ASIC ol [
Quad Timepix ASIC ) top view
board with naked devices _
(i.e. no silicon) o 8 om
A dedicated, very N %, =
stable GEM HV up to —
side view
700 V per GEM fully pixel size 55 x 55 um
developed at LNF Quad Timepix (512 x 512 pixels) = 4 Timepix chips

2.8 x 2.8 cm?
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TimePix (e

¢ TimePix is a pixelated silicon detector developed by MediPix2 collaboration

€ We use a 2x2 array for a total of 512x512 pixel of 55 um side WITHOUT silicon sensors
€ Processing electronics, including preamplifiers, discriminator threshold and pseudo-random

counter fit inside the footprint of the overlying semiconductor pixel.
€ Can be operated in counting TOA, TOA and TOT mode but also TOA/TOT MIXED mode

e " Start of Preamp End of
.| No silicon in our TimePix, just Frame Output Frame
T charge collection |
- N———
Timepix3 pixels measure TOA
Amphte and TOT at the same time
| I&’m (with improved performances)
C?;\:'a- Threshold ] sccceeeeeeeeeeadiriirriiirirssnree eeeennsssssssnnnssssssssnsssssssssnnsssnns
| Noise \
— cock [T LU UL
= 100/20nS  |[o—OT TOA _

e . . o= . . . . o
o - /. . 2

o —=7 S Y R DR T s —— TR BN PRI SO PR e T S NN RN, O PR e 8 %

1@ Timepix clock can run from <1 MHz up to 100 MHz
Timepix counter depth is 11810, SUITED FOR BOTH ELECTRONS and NEGATIVE IONS DRIFT

O
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NITEC activities 2015-2016*

¢ Characterization of old prototype with Ar:CO2 and

Ar:CO,:CF4 mixtures in traditional electron carrier '.’;
configuration with: On going work on single Cossra)&setup

ionization cluster detection

€ Cosmics
with electron drift

Jul-Sep 2015 '
¥ 55Fe spectrum
€ 450 MeV electrons at beam line (BTF) Oct 2015/Apr 2016 '

¢ Design and procurement of vacuum vessel to operate Nov 2015 - Apr 2016 '

below atmospheric pressure, design of new field cage

‘ -gwi

VacuuniVessel

gl = d > - = MA@ N = 4 Y S S 4 = AR S
- ; - - /. = = s i -
- g g W PRI 3 2 v e — o g o 9 ccabs N3

® Old prototype tests with SF¢s negative ion mixtures -_ May 2016 '
¢ pure SFs, Ar:CO2:SFs (high pressure) ,

# New prototype tests with SFs negative ion mixtures 3 pry _ |
| —’Dec 2016 e 3 TOId field cage-
¢ pure SF¢, He:CF4:SFs (low pressure) i ‘ g

(developed. for
atmospheric operations)

v - -
» - Py _ |~

% Data analysis still on going ™™
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A NITEC event &7

A cosmic ray recorded track in Ar:CO>
(electron drift)

Time of Arriv
(us)

0.24-

0.231" | o

0.22-
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— WS 4 1 7 .

Measurement @ Beam Test Facility
‘l 450 MeV electron beam

- . ! (in this test, optimized for

: ‘ NITEC vacudm . 'Tl ' e intensity rather than dimensions)

:' \ » ‘,.‘. - }; | _ *h
/ N =

~

il
_‘4','. Vi
. .
A
-~
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2/
;

micrometric table
(7100 um position
uncertainty)

LINAC timing used as
common stop trigger

i}

r"'p T

\ | I
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Time measurements (TOA) &

€ Ar:CO2:SFs 192:85:93 Torr Apr 2016 |
GEM gain 1480 V

€ Pure SF¢ at 75 Torr, 100 Torr, 150 Torr
GEM gain 1140V 1240V 1440V

Dec 2016 '

€ He:CF4:SFs 60:40:120 Torr, 360:240:10 Torr
GEM gain 1460 V 1640 V

We measured the Time Of Arrival for 5 different drift distances @ 250,

530, 640, 750 and 860 V/cm for each configuration
(less points in Apr 2016 data)

R
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SFs @ 150 Torr

¥

Dec 2016 '

TO
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Drift velocity [cm/ms]
w

A
3

SF¢ @ 100 Torr TOA analysis

750 V/cm

vdrift chip @ is 0.00295763 +/- 9.35414e-05

SFs @ 100 Torr vdrift chip 1 is 0.00296488 +/- 9.37884e-05
7t 28373 vdrift chip 2 is 0.00299155 +/- 9.46174e-05
Bro 01847 vdrift chip 3 is 0.00299736 +/- 9.48585e-05

pO -0.2188+0.06607

p1 0.004338+ 0.000115 D Y i ft t i mes
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He:CF4:SF¢ 360:240:10 Torr TOA analysis('f'?

860 V/cm

vdrift chip @ is 0.0020193 +/- 6.38648e-05

He:CF,:SF, 360:240:10 Torr vdrift chip 1 is 0.00203158 +/- 6.42549e-05
vdrift chip 2 is 0.00205442 +/- 6.49827e-05

Drift velocity [cm/ms]

2.2 g i .
%2 I ndf 0.7602/3 vdrift chip 3 is 0.00203158 +/- 6.42549e-05
2 Prob 0.859
SR Drift times
1.8 p1 0.002356+ 6.485e-05
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Drift Velocity Measurements ¢

Negative lon Drift Velocity |

S

—®— SF, 75 Torr
—®— SF; 100 Torr vy
—®— SF, 150 Torr

—#— He:CF,:SF; 60:40:120 Torr
—B— He:CF,:SF, 360:240:10 Torr | @+ &
—{— Ar:CO,:SF, 192:85:93 Torr

w
o)
.4

w

Drift Velocity [cm/ms]

N
3
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Mobility Measurements ¢

Negative lon Mobility

- 220 *
-i . $ 4— SF4 (75,100,150 Tom) Pure SFs results in agreement
NE 2P aaha ‘ oA HGZCF4ZSF6 60:40:120 Torr w“-h pubhshed data
=18 —a— He:CF :SF 360:240:10 Torr
= F _ _
1.6/— —— Ar:CO,:SF, 192:85:93 Torr ] S?g
- é 0.65 SF;
‘ = o8 | " CS;
1'22_ > 055} i+
— A §
1 - A £ 0.5
- A A A
0.8:— X A 0.45
0.6 A o4 REEEE
04: A A i s h A * 10 E/N(10"7ch2)102
0.2}— N.S.Phan et al,
- | : | | | arXiv:1609.05249
0 1 | I | — | — 1 1 | | | | | 1 11 1 1 | I | 1
5 10 15 20 25 30

E/N (1077 V em?)
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NITEC gain (TOT) measurements in pure SFg /*¥

)

S5Fe radioactive source '

TOT
frame 95 ‘ Offline Analysis
500 —|® 3500
. QQ ) Cosmic track -
‘1 |={3000
400(— —
: . +— 2500
- X ray cluster ~ -
300— " —
: . > _1—2000
} &1 .
1= 1500
200(— . _
: ' < ' 41000
100— — -
- X ray cluster 500
o o 1oy by b |1,
0 100 200 300 400 500

June 2016 '
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Effective Gain
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CAVEAT not completely understood

energy spectrum
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A
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-~ @ > & O

Vgl+Vg2+Vg3 (Volt)

Fig. 3. Gas gain for the tested gas mixtures,

htemp

MPYV value used

>5Fe energy

Entries 1775
Mean 4.095e+04
RMS 2.699e+04
¥ I ndf 124.7 / 42
Prob 3.933e-10
Constant 801.9+30.8
MPV 2.32e+04+4.17e+02
Sigma 6839+ 222.0
L L el 10
200 “250 300

Effective gain
extrapolated from
Ar:CO> data
compared to
literature
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NITEC gain measurement in pure SF e

Pure SF, gain
=
R CAVEAT: effective gain extrapolated from
s Ar:CO; data compared to literature
5 0E
N 175 Torr
- 225 Torr
i 250 Torr
150 Torr
10° =
N 370 Torr
i 200 Torr GEMPix max gain = 2100
140 kV/cm in GEM holes
1y:llllllllllllllllllllllllllllllllllllllllllllllll

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
Vi + Vo + Vg [Volt]
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INFN

DCANT

Carbon Nanotube for
for Dark Matter directional searches

R
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Detector concept

Low pressure gas Range of 10 KeV ¢C
(0.1 bar) 2 WIMP wind in 0.1 bar Ar
~ 1mm (TRIM)
I E

(0 = 0 side
h ~100 um §
S ~ n(5)2 nm? &

Carbon ions
ranging out
In the gas

4

¥

—~
e —————————— e e
e

Not to scale!

ﬁNT.brusf:J .

__drift_

Critical (Lindhard’s) angle

. Electrons from
Drift distance P LE ionized gas atom
can be drift towards

10 cm anode
Triple GEM

2l . Potential well depth

6, =|—=2

E Particle energy

-

Read — outPads

§ogman!sd ancde J

GAS I

~ 8 deg for C at 10 KeV

Need to be tested:

Use electron beam at LNF BTF to “extract” carbon ions

Could allow an integrated gas + solid DM target

from CNT experiment WITH DIRECTIONAL SENSITIVITY

» One carbon ion elastically scattered by a 500 MeV electron About 106 1nm diameter
PRO: trigger on .
scattered electron at well defi ned angle: ke bl y ) ‘ B SWCNT can fit on

a 10x10 cm? substrate

Surface density of a
graphene layer:
1/1315 g/m?2

beam clearly visible
CON: electron beam
can induce a sizeable
background into TPC

A

§ deg. electron e momr e Cmee— OIS
scattering angle » About 2 g CNT on 100cm?

. CNT ropes?

— e C. Capparelli et. al, Phys. G. Cavoto et. al, Eur. Phys. J
e ————mm DTk Univ. 11,79 (2016) C 76 (2016) no.6, 349 ) |
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NITEC tests with carbon nanotubeg+

Carbon ,uniubes

: ‘ L\
W)
| N
in
\ o
;I X
- eciron oes

Beam on the side of nanotubes at various heights
to study modification of the drift field

N
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NITEC tests with carbon nanotubeg*

» . ]

Ar:C02:CF; TOA data @ 300 Torr
(confirmed with pure SFs @ 150 Torr)
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NITEC with carbon nanotubes

.ANSY.S Maxwell

8.1023E+003 | = S e T T T
) 5.1122E+003 . Ll 101
, 3. 2256E+003 — : : —
2.0352E+003 . y

1.284%1E+093
8.1023E+082
S.1122E+082
3.2256E+002
2.8352E+082
1.284%1E+092
8.1023E+081
S.1122E+081
3.2256E+001
2.8352E+081
1.2841E+091 ' ' 4
8. 10923E +000

E [¥/cn]

We observe a consistent modification of the drift field due
to the introduction of nanotubes structure AND support
€ Support, kapton scotch and nanotube get polarized

ANSYS simulation confirms observed results

€ On going work to develop suitable support and
substrate
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CYGNUS-RD

Optical readout for a Negative lon Time
Projection Chamber

N
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CYGNUS-RD Detector &

»
.

gap

P,

triple thin GEMs 10

el CM drift distance

Spectral response

y ' 2 N v, 80
Over 70 Y amarmal S O KCAH Flash 4
R 4 BN M. Marafini et al., JINST 10,
Lo [ 7 g \\ P12010 (2005)
%) \ /] _—
n 1.0 sectonsm § % T~ \
€ . | X M. Mardfini et al., NIM A '
g 20 H === ORCA-Flash4.0V2 \\\ i i
© ||~ oRcA-Flash2s N
19 T|— Gen 1 scmos N
ol I I l

400 500 600 700 800 900 1000
Wavelength (nm)
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CYGNUS RD events (with electron drlft)'””‘

\
TR AP ERGSAAIY;

450 MeV electron with its & ray Soft electron from natural radioactivity

Electron

. -~
S e - . ‘e

TS Tl Hras T ;.:-,-,_ -‘-_'-::;,;-- Pair created in the tail
J of an electromagnetic
shower in magnetic field

Positron

Bunch of electrons from a beam

80 MeV electron bent in magnetic field

I
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CYGNUS-RD potentialities L//’

May 2016, electron drift

1) Tracking

Longitudinal profile of light collection

Transverse proflle
of light collection
”

A -30 -0 -10 O IO ” x
1m o P |5°W)

= 1) -] 4] TS T T 9

~ 1000 photons/track mm, ~ 70 um track residuals, cluster structures visible

2) lonization densiiy (can be used to extrapolate track direction/sense)

g 600¢ g 600
= 5o} 2s0- ™ 6 ph v
S 500 I S s00- photons/e
& F t g [
2 400 { | 2 4001
g b ' 2
& 300} f 8300
C C </ ndf 0.8683/3
ook | Light yield vs BTF 200 00 -1830.3618
C - p1 5.76 + 1.001
100 beam energy oo Number of photons collected

NIV TN TUTTIOU TV TNV ., follows the Bethe-Block,
%50 100 150 200 250 300 350 400 450 %50~ 360 370 380 390 400 410 420
‘ beam enerﬂ‘ iMeVi enerﬂ‘ released ﬁr 0.8 mm ‘eVI _ |

E. Baracchini - TPC GEMs R&D for directional Dark Matter searches - CAASTRO-CoEPP Joint Workshop 2017, Melbourne 27




Light vs Distance Study &~

How far can we go and still see light?
i.e. how large area can we cover with one CMOS camera?

Is the light produced by
the GEMs isotropic or _Z58eS
collimated? -
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Light vs Lens Aperture ¢~

Dec 2016, eleciron drift ' '

little sparks from GEM holes used to study light collection

2/ ndf 17373

: 99.1

112

110

108

Average collected light

106

104

IIIIIlllllllllllllllll

102

Illl

100

llllllllllllllllllllllllllllllllllllllllllll

8 1 12 14 16 18 2 22 24 26 28
Lens aperture

ol

@ 20 cm distance 50 um pixels equivalent
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Light vs Distance

Dec 201.6, eledron drift | @ 60 cm we cover a 30 x 30 em? area

)
INFN

C

LomE e .
= F ; 2/ n 4.895/3
56000 pO 1448 ‘%
g p1 7.813e+06 @
s [
= 5000
i Qi&
4000 Q
3000 | s Ly
- Indication of max achievable . —
2000 — resolution of two points
| ] | ] ] ] | ] ] ] | ] ] ] ] ] ] ] ]

40 60

I I
100 120

Distance (cm)

Both light vs lens aperture and light vs distance indicate isotropic light production

I
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Example of cosmic track @ 60 cm{fp

5

(]
Cosmic track raw data Background Signal (red)/
as seen by the CMOS subtracted & rotated noise (green)
700 comparison
3500 Lggnal = 0.33 yapiea = 0.05 ot it = 0.05
800 1200 s000|
2500
200
1400 —
1500
1000}
1000
1600
1100 500
0
1200 1800
-500
-100230 -20 -10 0 10 20 30

800 900 ' 1000 1100 1200 1300
1300 1400 1500 1600 1700

After noise subtraction,
signal is cdearly visible

y I
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CYGNUSRD @ BTF &~

| ]

5 j
i /4./, -
71N B Y

: ) v
S7CYGNUS-RE
o \

o

Dec 2016, electron drift '

Hough transform

Detected lines

-2000

-1000

.

Distance (pixels)
o

1000

2000

Data analysis on-going | 50 0 -50 450 MeV electron beam |

, Angles (degrees) _ |
32
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Conclusions & Outlooks*

¢ NITEC

® Innovative SFs based negative ion gas mixtures tested and operated nearly

atmospheric pressure (610 Torr) with triple thin GEMs at electron beam line

€ Perform gain study with 35Fe with the tested mixtures and explore new ones with
higher He content (i.e. lower density)

€ Perform neutron run at the ENEA facility (under discussion)

¢ DCANT

® Support and nanotubes observed to modify drift field
€ On going study to develop suitable support and substrate

€ CYGNUS-RD

® Verified isotropic emission of photons by the GEMs, implying that collected light
follows optical rules (one over distance squared)

® Cosmic tracks easy identified at 60 cm distance (i.e. 30 x 30 cm? area covered)

€ New beam test beginning Feb with attempt of atmospheric negative ion
operation following gas mixtures tested by NITEC

¢ Test of PMT inside TPC volume to measure times (minority carriers)
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A
GEMPix + NITPC: A Time Expansion Chamber /¥*

€ At moderately high reduced fields, anions drift at about 100 m/s, compared to about 104
m/s for electron in typical atmospheric pressure drift chamber conditions

€ Excellent GEMPix time, energy and spatial resolutions

€ Slow anions speed + typical separation of primary ionization clusters in gas + GEMPix
performances = Time Expansion Chamber

€ Single ionization clusters drift slowly and could be individually observed with high precision:

a relative time expansion between ionization process and signal readout has effectively
been achieved

Single ionization cluster observation can provide excellent dE/dx information, improved
position resolution and possibility of superior energy resolution for low energy radiation

“The Time Expansion Chamber and single ionization measurement” (A.H.Walenta, IEEE TNS 26 73)
“Suppressing drift chamber diffusion without magnetic field” (C.J.Martoff et al, NIM A 440)
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