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Outline

¢High precision imaging 3D optical readout
TPC: the CYGNO experiment

¢Reducing diffusion and improving tracking:
negative ion drift operation

¢Enhancing light yield: electroluminesce after
the amplification stage
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High precision imaging 3D optical
readout TPC

The CYGNO experiment
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~ See F. Di Giambattista poster
S
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CXGNO experiment

F. D. Amaro et al [CYGNO Collaboration], Instruments, Volume 6, Issue 1

CYGNO: high
precision 3D TPC for
directional Dark Matter
searches and solar
neutrino spectroscopy

Our Galaxy

https://web.infn.it/cygnus/
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PHASE 0:
R&D and prototypes
2015/16 2019/22

- 1 cm drift

- 3D printing
- 20 cm drift

- 50 cm drift

- MC validation

- underaround tests

PHASE 1:
O(1) m3 Demonstrator

2023/26
LNF/LNGS

CYGNO_04

PHASE 2:
30 m3 Experiment

2026..
LNGS

CYGNO_30

- background
- materials test, gas purification

- scalability - Physics research
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ECYGNO :3D TPC with optical readout via PMT + sCMOS
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— He:CF4s @ 1 atm
S, CYGNO :3D TPC with optical readout via PMT + sCMOS
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?C)( GNO :3D TPC with optical readout via PMT + sCMOS

He:CF; @ 1 atm
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> Imaging tracks with CYGNO
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Enhanching light yield:
Electroluminescence after the
amplification stage

N
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g Enhancing the light yield through electroluminescence

Cathode
‘ 1 cm, E=0.9 kV/cm
—

2mm, E=2.5kV/cm
—

2mm, E=2.5kV/cm
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¢ Apply a drift field between GEM and mesh
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= EL studies varying GEMs configuration & He:CF; ratio

Relative light increase WITH EL
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g, Energy and spot size (i.e. space) resolution with EL.

&

Iron looks like a round spot in our images:
spot size is a measurement of the diffusion
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t +t + t displays better energy resolution
and no significant degradation is seen
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. Conclusions & outlook

-

¢High precision optical TPC with 3D tracking through PMT + sCMOS is a very

promising technique:

¢ For directional Dark Matter searches and solar neutrino spectroscopy (see F. Di Giambattista poster)

¢ For large field of view X-ray polarimetry detectors (see E. Baracchini poster)

¢ For neutron spectroscopy (see F. Di Giambattista poster at NDRA 2022 Summer School)
¢ Migdal effect measurement

$ e

¢Alternative means of operation of TPC can significantly boost detection
performances

¢We demonstrated for the first time the possibility of achieving negative ion drift

operation at atmospheric (mountain) pressure with an optical readout
¢ First ever detection of negative ion drift with PMT!

STAY TUNED!

¢ Significant reduction of diffusion observed with respect to He:CF; classic ED at same light yield

¢ Systematic diffusion data acquired (last week...), analysis on going
¢ Next steps: explore different ratios of same mixtures & lower energy threshold

¢We demonstrated for the first time electroluminescence of non-ionising electrons

in He:CF;

¢ Can be used to enhance light yield of several 3-10 factor without significant degradation of resolution

& Systematic investigation of process dependence on GEM thickness & gas mixtures
& Paper in preparation

S
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5 $CMOS characteristics & gas emission spectra

100
90
80
70
60
50
40
30
20
10

QE (%)

hitps://www.hamamatsu.com/eu/en/product/cameras/cmos-cameras.html

HAMAMATSU # of pixels

pixel size
[um?]

sensor area
[em?]

dynamic
range

readout noise
(Fast scan)

Exposure
time (fast)

T
*aee,®
@
@,

rtr X

1noaduwi

sadupw.iojiad Bu

Ar+5% CF,

Ar+10% CF,
Ar+67% CF,
He+40% CF,
He+20% CF,

Orca Flash 2048 x 2048 6.5x6.5 1.33 x 1.33 37000:1 1.4 (1.6) rms 33 (10) sus

o TN | 2304 x 2304 6.5x6.5 1.498 x 1.498 21400:1 0.7 (1.4) rms 280 (17) us

Orca Quest 4096 x 2304 4.6 x 4.6 1.884 x 1.060 25900:1 0.27 (0.43) rms | 200 (7.2) us

QE and He:CF, emission . ) . .

) 4 Ar:CF,4 spectra Ar:CF4 & He:CF4 photon production
= IR 800 0.7
; i °R°A.°“°5‘ . 600 4 Ar +5% CF, E
= S 'Y 8] } ba oLy, .
; 20 0.5-_ o
; ;:' 808: 300 400 500 700 800 %I) 0.4_' 4
3 = 0 Ar +67% CF, %o.s—_ ﬁ {{ AR AEEE
= 400 0.2
- 200 ]
= ﬁQm T 4]/\."\*‘.‘ ] P22 8 00 % & guass
= AL L O ‘ 300 400 500 700 800 0.0 +H - — ———rr

600

800

| |
1000 (b)
Wavelength (nm)

wavelength (nm)

NIM A 504 (2003) 88-92

Innovative means of operatin of optical readout TPC - iWoRiD 2022 - Elisabetta Baracchini

1

10

Gain

100

1000




g Data analysis strategy

* Track reconstructed with CYGNO
autumn2021 code

ScWidth/ScLength {Scintegral>2000}
SclLength {ScNPeak==1}

* Fit reconstructed tracks transverse profile =2
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Current (nA)
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. EL measurements in LEMON
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D Spot size evaluation

SIZE MEASUREMENT
- To quantify the dimension of the spots, trying to be independent from the light output, all

the spots are centred and summed and the sigma of the shape is fitted with a gaussian
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Response to AmBe source: erc
low energy nuclear recoil & discrimination from 55Fe
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