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Solar system direction

Men are from Mars, Women are from Venus
.....and WIMPs are from Cygnus :)
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GEMPix
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Triple GEM detector with Developed by LNF in collaboration with CERN '
HYV filters and connector

Triple GEM
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pixel size 55 x 55 um

Quad Timepix (512 x 512 pixels) = 4 Timepix chips

2.8 x 2.8 cm?
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Effective Gain

A

Amplification o

GE

e e e e e GEM readout:
bTrip|e GEM gain 4 GEM s for electron amplification
s drift gap external fleld and to block backdrifting ions.
ol - Electron Microscopy of a GEM Foil Signals on the pads through
F 1""‘ Charge Collection.
. GEM field .
XX
gas ampll, ;g
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¢ Particle conversion, charge Two-Track-Resolution: ~mm?
amplification and signal induction ¢ Thin holes are etched in a
zones are physically separated metallised kapton foll and a
$ , potential is placed across it
Large dynamic range: from 1 to
10° particle/cm? /s » Very large electric field around G . -
® Gain up to > 104 the holes (|4O k|V/Ccrjn)|wh|ch
, T , creates a localised electron Pads e S——
€ High stability/granularity avalanche Q!
Signal distribution .
on the pads
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A

TimePix o

¢ 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
1 charge collection |
—te T - . . .
q— —_ = Timepix3 pixels measure TOA
T and TOT at the same time
| I_::Em (with improved performances)
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4 € Timepix counter depth is 11810 —> limits total acquisition time —> ok for negative ion slow
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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)

T
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A NITEC event o

A cosmic ray recorded track in Ar:CO>
(raw data)

Time of Arriv
(05) -

0.24-
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electron gas features

« Example: CF,

negative ion gas features

» Example: CS,

« Larger diffusion -> smaller

detector length

« Spin target -> no sacrifice of

volume -> higher target

density at same pressure ->
can operate at shorter drift

lengths.
Benign
Good scintillator -> allows for
optical readouts
Fiducialization?

* Low diffusion -> large detector
length

Good high voltage operation
at low pressures

Demonstrated fiducialization
Lack spin-dependent content -
> sacnfice detector volume to
enable negative ion operation
with a spin target

““TOXIC

Could SF; have only nice features of hoth???
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NITEC activities &~

€ Characterization of the small prototype with Ar:CO, and
Ar:CO,:CF4 mixtures in traditional electron carrier

configuration with: On going work on single

ionization cluster detection
with electron drift

Jul-Sep 2015 '

€ Cosmics

¥ 55Fe spectrum

€ 450 MeV electrons at beam line (BTF) Oct 2015/Apr 2016 '

¢ Design and procurement of vacuum vessel to operate

below atmospheric pressure Nov 2015 - Apr 2016 |

€ First tests of the small prototype with SFs mixtures

® 450 MeV electron beam test with Ar:CO5:SFs

May 2016 |

$ 55Fe data with pure SFs

¢ Design, development and manufacturing of large ~ May 2016 - Nov 2016(2) '

prototype (= 15-20 cm drift distance)
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NITEC characterization with Ar:CO2:CF g
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Measurement @ Beam Test Facilityw/'?

450 MeV
electron beam down
to single particle
(< 1T mm? beam spot)

micrometric table
(7100 um position
uncertainty)
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NITEC characterization with Ar:COz:CF‘Q'f'7

Time of arrival (us)

htemp
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Olé:_— l | Mean 0.8084 &

450 MeV electron W ‘ 1.5cm @
beam data @ BTF “F | 2.5cm &
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NITEC negative ion operation Ar:CC)z:SF‘éf'7

Negative ion operation with Ar:C02:5F; mixture 52:23:25 @ 370 Torr

TOT

frame 317 Offline Analysis
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llllfll]llll]ll]fl
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400;_. s
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!6°°° € Encountered several operating issues for the TPC due

to the low pressure regime
5000

llllllll

¢ Field cage built by Nikhef before the NITEC start
14000 for proton tomography and to be operated at

VERY TINY negative ion drift
clusters in Ar:C02:SFs @ 370 Torr

t heri
(gain to be optimized) atmospheric pressure

H ¢ Pressure and drift field strongly limited by this

2000 € Data taken at 370 Torr with ~0.3-0.6 kV/cm drift
field

lllllllll

!90 € Thanks to this experience, we are carefully designing
® the large prototype and performing preliminary tests

6™ @ -.%* s Qe @ bah .08
—70

llllllll

on each component in order to solve all these issues

electron drift clusters in Ar:€02 @ 740 Torr

450 MeV electron beam data @ BTF '

R
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Negative ion drift velocity measurement in Ar:CO2:SF¢

0.3 kV/cm
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)
Negative ion drift velocity measurement in Ar:CO2:SF¢ /NN

g |

Drift velocity compatible with negative ions L. Christophorou & J. Olthoff
(need to understand and prove which ion species is drifting) J. Phys. Chem. Ref. Data, Vol 29, No. 3, 2000

BTF measurement of “allegedly” SF¢ N —
drifting in Ar:CO2:SF¢ (52:23:25) T S e o7
cmim SE(SF,) (Patiorson, 1970) .
09F - SF(SF,), (Patterson, 1970) -
Graph — ::: ::M :::;

[ mom Fleming (1969)
oo Naldu(1970) °x

2/ ndf 4.003/1
Prob 0.04541
p0 -0.4054+ 0.03633
p1 0.00288+ 0.0001021

v, (cm/ms)

po- (sz v-1 8-1)

T30 3% 400 4% 800 Aséo‘e;v;m) E/N (10777 V cm?)
with the large prototype we are designing ~0.5cm/ms @ 0.3 kV/cm @ 220
we will be able to test lower pressures and Torr for SF¢ drifting in SF
higher drift fields (expected higher in lower density gases)

o |
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NITEC gain measurement in pure SFg*

INFN
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NITEC gain measurement in pure SFg ™

Effective gain extrapolated from Pure SF gain
Ar:CO2 data compared to literature 6

©
O] .
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i GEMPix max gain = 2100
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NITEC minority carriers indication in pure SF@’"""

‘typical electron drift clusters

from track in Ar:CO»:CF4 _1
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Conclusions & Outlook

¢ NITEC is a Negative lon Time Expansion Chamber with which in one year we manage to:

¢ Measure negative ion drift velocity in Ar:CO2:SFs at 370 Torr

¢ Measure gain in pure SF6 up to 370 Torr

® Have indication of the presence minority carriers for fiducialization

- Identify = 20 ionization duster/«m in conventional electron carrier configuration (ot shown due to

lack of time)

To do (on going): '
With the small prototype:

¢ Measure gain in Ar:CO2:SF¢ with 55Fe radioactive source

¢ Quantitative analysis of minority carriers _all before the end of the

¥ Test with alphas and neutron radioactive source ViericsCEedielic ]

¥ Improve single ionization cluster identification and measurement Fellowship (4*" May 2017)

¢ With the large prototype (estimated by end of the year):

¢ Gain and drift velocity measurements of pure and mixtures of SFs at lower pressure and higher drift fields
¢ Alphas and neutrons measurements (possibly at a n beam facility?)

¥ Test of carbon nanotubes anysotropic response at the BTF

¢ |dentification of the minority carriers for fiducialization

¢ Gain and drift velocity measurements of pure and mixtures of CS2 at DRIFT colleagues lab in Sheffield University
T
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NITEC possible future: CYGNUS-RD

CYGNUS-RD: development and characterization of a Negative lon TPC with
MPGDs readouts (charge /optical)

H'RV\{EH;M R Total budget asked:

Well Sameter: 70-50 pm

o Wm ~ 50k EUROS / 2 years
TR (answer by Sep 2016)
‘/-...-...-

s e Negative lons (SF6)

u-RWELL PCB
G. Bencivenni et al., JINST 10 PO 2008

Team ~ 3 FTE
(LNF + Romal)

GridPix

In the context of the

CYGNUS-TPC project

oooooooszooooo

- o=
— ——

W. Koppert et al., NIM A 732, 245-249

M. Mardfini et al, JINST 10 No 12 P12010

...CAVEAT me finding a position (my contract ending 05/ ﬁ)
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Cluster Counting with Ar:CO2:CF g
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Cluster Counting with Ar:CO2:CF
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Cluster Counting with Ar:CO2:CF

nBlobs/dX (nTracks==1 && nBlobs<60 && nBlobs/dX<100} l nBlobs/dX {nTracks==1 && nBlobs<60 && nBlobsdX<100} B Single lonization Cluster Counting
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NITEC synergy: DCANT"

Channelllng concept

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

g ——— Carbon ions
ranging out
In the gas

4

. Electrons from
Drift distance | SRR ionized gas atom
can be ' drift towards

10 cm anode
Triple GEM
Read — outPads

Segmented ancde J

<
7]

Not to scale!

§ (0 = 0 side) e
h ~100 um - -
o

Z
Critical (Lindhard’s) angle S ~ n(5)2 nm? O

g e
—-——————

2l . Potential well depth

6, =|—=2

E Particle energy

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
Or:; ga;bon ion elastically scattered by a 500 MeV electron S About 106 1nm diameter
rigger on | o :

scattered electron at well defi ned angle: Mk ‘ ) " SWCNT can fit on

beam clearly visible a 10x10 cm? substrate

CON: gleclron .beag § Surface density of a

can Induce a sizeaole - <

. > - F graphene layer:
back d into TPC
grouncime 3 1/1315 g/m?

e 5 deg. electron e T - T um e o p)
g scattering angle About 2 g CNT on 100cm?
5 ) CNT ropes?

"~ Developed an active and fruitful collaboration with DCANT group @ Romal t e
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NITEC in the context of CYGNUS-TPC(f’7

€ NITEC is part of the directional DM community working for CYGNUS-TPC kick-off meeting:

a mini-workshop on dark matter searches and
. . . . D) coherent neutrino scattering
development of a multiton directional DM experiment INFN PR 2016

Istituto Nazionale

the formation of a new international collaboration for the

di Fisica Nucleare

oo nazionatiaiFrescai LL@boratori Nazionali di Frascati - aula Conversi

“ CYGNUS'TPC kiCk'OFF meeﬁng Organized Gi' LNF in April International advisory committee Local organizing committee

Kentaro Miuchi Elisabetta Baracchini
2 O] 6 Daniel Snowden-Ifft Giovanni Bencivenni
Ne:l Spooner - . Gianluca Cavoto

M M M M The aim of this mini workshop is to discuss the recent sta f Darl
g CYGN US'TPC OFﬁClq”y recognlzed In thtN eXf Wh"e neutrino scattering searches with innovative technologies W|th Iow backgro ind, low energy
threshold and directional capability. In this context, we are presenting a new |nternat|onal enter-
aper prise for the construction of a Global Observatory of nuclei elastic recoils induced by Galactic
p p WIMP, to be called CYGNUS-TPC. We envisage the ultimate vision of this experiment to be a multi-
ton target mass gas to be detected by Time Projection Chambers distributed in five underground
laboratories scattered around the Globe. We are building a new international collaboration to

“ 1 1 1 prepare a Letter of Intent and a Proposal. For these reasons, the first day of the workshop will be

M ana g e d 1'0 g g t h ere d i.h el nte res* OF pa rt OF th e "G I ian dedicated to phenomenological and experimental reviews together with CYGNUS-TPC presenta-

. . tions, while the second to a more detailed discussion of the CYGNUS-TPC Lol within the collabo-
neutrino community i

€ NITEC SF¢ studies and measurement will be fundamental
for the development of CYGNUS-TPC proposal and CDR
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~TimePix vs Timepix3 &~

Timepix (2006) Timepix3 (2013)

Pixel arrangement 256 x 256

Pixel size 55 x 55 um?

Technology 250nm CMOS - 6Metals | 130nm CMOS - 8Metals

1) Charge (iTOT) 1) Time (TOA) AND Charge (TOT) ‘\
Acquisition modes 2) Time (TOA) 2) Time (TOA)

3) Event counting (PC) 3) Event counting (PC) AND integral charge (iTOT)

1) Data driven (DD)

Readout Type 1) Full-Frame 2) Frame (FB)

Zero suppressed readout

Dead time per pixel ” 302:isout time of one frame > 47ons Pulse measurement time + packet tra:s e
Minimum timing resolution | 10ns 1.562ns 6.4x
S I
Minimum detectable charge | ~750e- >500e- 1.5x

1 LVDS £200Mbps

Output bandwidth 32 CMOS <3.2Gbps

1 to 8 SLVS @640Mbps DDR <5.2Gbps 1.6x

R |
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