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The Goal of TUCAN Collaboration

Why is the universe matter dominated ? (Baryogenesis)

Andrei Sakharov conditions [1]
= Baryon numberviolation
= CandCPviolation
= Departure from thermal equilibrium

CP violation is observed in nature, particularly in weak interactions.

= The standard model CP violationis very small and can’t explain
baryogenesis

Neutron electric dipole moment (nEDM) => source of CP violation
TUCAN’s goal is to measure nEDM up to the order of 10?7 e*cm

Current best measurement of NEDM d, = (0.0 = 1.1,#0.2,,()*10*° e*cm [3]
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Location/method of measurement

ORNL (cold neutron beam)
MIT/BNL (Bragg deflection)

BNL (cold neutron beam)

ILL (cold neutron beam)

PNPI (UCN)
ILL (UCN)
PSI (UCN)
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A detector is needed which has high UCN counting capability and low sensitivity to other background particles
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~ High UCN counts reduces the statistical uncertainty increasing
precision in nEDM measurement


doi:%20https://doi.org/10.1070/pu1991v034n05abeh002497.
doi:%20https://doi.org/10.1070/pu1991v034n05abeh002497.
doi:%20https://doi.org/10.1070/pu1991v034n05abeh002497.
doi:%20https://doi.org/10.1070/pu1991v034n05abeh002497.
https://doi.org/10.1051/epjconf/202226201015
doi:%20https://doi.org/10.1103/physrevlett.124.081803.
doi:%20https://doi.org/10.1103/physrevlett.124.081803.

Detectors TUCAN is using

Li6 detector He3 Dunia detector
UUCN
UvT PMTs
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= The Li6isotope has high cross section for neutron capture » The 3He gas also has high cross section for neutron capture
n +65Li ->3H(2.74 MeV) + *He(2.05 MeV) n+3He->"1H + 3H + 764 KeV
" The emitted products scintillate in the crystal. . = Asecond gas is fed which stops the emitted particles.
= The decay time of the light emitting states of the crystalis = Emitted particles => Deposits energy by lonizing gas
very fast(~ 61 ns signal) = |onized electrons => Collected by electrode

= Hasahigh sensitivity to gamma background = The charge collection process by electrode is slow (of the
— order of us)
[11.[2] : B. Jamieson et al,, The European Physical Journal A, vol. 53, no. 1, Jan. 2017 = Notidealfor high UCN flux sources
RSP TR per—————r—
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doi:%20https://doi.org/10.1140/epja/i2017-12195-7.
doi:%20https://doi.org/10.1140/epja/i2017-12195-7.
doi:%20https://doi.org/10.1140/epja/i2017-12195-7.
doi:%20https://theses.hal.science/tel-04023774.
doi:%20https://theses.hal.science/tel-04023774.

New gaseous UCN detector

Inspired from the GADGET detector of Paul Scherrer Institute (PSI) [1] .

= Developed by LPC CAEN [2]
This detector is filled with CF, gas at 1 bar and 3He gas at 15 mbar.

n+3He->"H +3H + 764 KeV

The end products of above reaction produces scintillation light after
interacting with CF, gas.
The scintillation signal is readout by 3 PMTs.

Ideal for TUCAN nEDM Experiment

Credit
1]: S. Arevalo, F. R hi ndT. Lefort
2]: “Home | LPC CAEN,” LPC CAEN, Jan. 23, 2026. Feb. 2026).
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https://in2p3.hal.science/in2p3-02957354v1/file/Report_masterthesis_William.pdf
https://www.lpc-caen.in2p3.fr/
https://www.lpc-caen.in2p3.fr/

Construction & Assembly

= Main parts of detector :

Mounting port to connect detector with
UCN guides

Vacuum separation foil between gas
volume of detector and vacuum in UCN
guides

Main gas volume of the detector
View-port which connects PMTs to the
detector

PMTs (Hamamatsu R2059) to detect
scintillation signals.

PMT housing that holds the PMTs and
provides light tight environment for safe
operation of PMTs

UCN enters form here

UCN guide mounting port

Foilgoes

between —>
/]

these

flanges ’

Flange |

Main gas cylinder —

Gas outlet coming
from view-port

PMTs

PMT housing

Gas outlet support
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CAD design of the CF, detector



Construction & Assembly

Gt e | M * 2N

Flanges up to Main Gas Cylinder (MGC)
assembled and the foil can be seen
Installed reflector sheetin MGC
Complete assembly of all flanges
Detector connected to the stand

PMTs installed on the detector

Detector fully assembled & ready for leak
test

Detector finally installed on the TUCAN
UCN source and ready to take data
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The Gas Handling System

A gas handling system was built to fill the detector with
= CF,at1.1 barpressure & *He at 15 mbar

Steps of filling

= Detector was brought to vacuum by a backing pump or leak checker.

=  Detector was flushed with nitrogen gas 3 times.

» 3He gas was filled in batches using a 6 inches 1/4” pipe to fill the detector up to 15
mbar pressure.

= Detector was filled with CF, gases up to 1.1 bar pressure.

Design-v2

Flexible
metal hose

CF,

Ar—ﬂ metal hose

Flexible

/

For Batch filling 6” |

Pressure relief valve I

it
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| Hes pressure gauge |

Flexible metal hose |

| For vacuum pumping |

It
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Flexible
metal
hose
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| For nitrogen pumping |

Kf adaptors

e

| CF,4 pressure gauge
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Filling of detector with CF, and He; gases



Data Acquisition

= Desktop digitizer CAEN DT5730

= The digitizer was controlled using COMPASS software.
= Events were recorded intriple coincidence mode
= Aneventisrecorded only if seen by all 3 PMTs within the set
coincidence window (80 ns in this case)
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£ CoMpASS - o
File Tools _.'km-ms
| 758 P =
DIDICY ] =216 ) o
{5 Acquston [ settngs | Tme selecton (71 Vrtual channes
@ o sz
Name DT5725_912 D 214912 Model DT5725
ADC bts 14 Samping rate (MS/s) 250.00 DPP type DPP_PHA
ROC firmware 423 buid 4806 AMC frmware 139.9 buid 4428 License |Licensed
Lok USB ink #0 Status | Connected Enable &1
© rout Q) Dscmestor @ Taperod @ soecvs @ Resectors @ Eneray calbraton @ sync/Tre @) Onbord concdences @) Mscelaneous @) Regaters
Parameter Bowrd = o oe os on o s o7
Enable 2
Record length 20000 ns
Pre-trigger 2000 ns 2000 ns 00 2000 ns 2000 ns 2000 ns 2000 ns 2000 ns
Polarity Positive Positive Positive Positive Positive Positive Positive Positive
N samples baseline 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples 256 samples
DC Offset 20.0% 20.0 9 .0 .0 20.0% 20.0 % 20.0 % 20.0 % 20.0
Calibrate ADC 2
Coarse gain 1x 1x 1x 1x 1x 1x 1x 1x
Connected C:\Users\mvenanuzzo\Documents\ATM\Test CoMPASS\Test
15500 vﬁ ﬁ,
CF,+Hesfilling , 5 uA
15000 A
—_
=
A
| =
=
Q 14500 A
o
<C
14000 -+
— CHO wave Lo
—— CH1 wave TUCAN (Preliminary)
13500 |1 —— cH2 wave
T T T T T T T T
(o} 25 50 75 100 125 150 175
Time (in ns)
Credit

= 1: Compass Quick Start Manualrev 25 ‘GD6300_Compass_QuickStart_rev25.pdf’

: TUSHAR




Data taking

Cycle not started UCN counting Background
= Between the source and detector valve opened counting
* There is a valve which was opened at S valve closed
different time during data taking 104 - b §
= Datawastakenincycles z 3
= Consists of 3 periods © >
» |rradiation period S S
= Valve closed during this period. — S S
= UCN counting period T 103 1 £ :‘;'E
= QOpenvalve & counts UCN. =] E S
= Background counting period 9 o =
* Valve closed & counts UCN © = £
= Two repetitions were done of each cycles. = £ o
*= The data was taken in two configurations 0 107 1 3 -
= Detector filled with CF, (1.1 bar) & He;, ™ @
(15 mbar)
= Detector filled with CF, at 1.1 bar
101 TUCAN (Preliminary)
[1 CF, data, 5puA beam 1
0 100 200 300 400 500 600 700 800

Time (in sec.)
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Results of commissioning tests o

= Configuration for plots onthe right 50000 J 1

= 5 pAbeam current

= CF,+3He & CF,only filling

= 1 | Shows the time difference between the event recorded by the 3
PMTs intriple coincidence

B0000 -

Lounts per oin

®» |ndicates the recorded events by 3 PMTs fall within the o i‘
coincidence window. -0000 |
= | 2 [Total energy of all 3 PMTs in the recorded events TI" TUCAN (Preliminary)
» This for events only in UCN counting period oL . . A . 1 , .
= |n CF,only config. no UCN capture. S
= Very low energy deposited by all particles SuA beam, UCN counting period only
4000 4 1 CF4 anly

= Signs of Background
= |n CF, +3He config. large amount of energy deposited by UCN 35001 | 2
= UCN peak can be clearly seen
= Demonstrates thatthe detectoris working as designed.

CFa4+He3 only

3000 <

Fud
Ln
=
=

2000 4

Counts per bin

1500 4

1000 1

TUCAN (Preliminary)
500 4

rfh‘\h"“"’-n_._

0 500 1000 1500 2000 2500 3000
Tatal ENERGY af all 3 PMTs (in ADC counts! Digitizer units)
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Results of commissioning tests —~  Sme

[ Background counting cycle
= Configuration for plots onthe right 40000 1 \ TUCAN preliminary
= 5 pAbeam current -
= CF,+3He configuration < 30000 - !
=| 1|Shows overlay of event rate in UCN & backgrounding counting period g
=  UCN counting rate are very high 8 20000 4 \
= Hardto see the background rate \
= | 2/Shows the above plotin log scale on y axis 10000 4 \x
= Qverlay of background can be seen \, CF, + %o, 5uA
= Eventsin UCN counting period and background counting period were 0 , L~ , :
SUbtraCted 300 350 ﬂmejﬁjﬂﬁm:-] 450 500
= 923613 +967 UCNSs counted in first cycle :
. ] ] UCHN counting cycle
= 914360 £ 962 UCNSs counted in next CyCle [\\ [ Background counting cycle
10t 3 \"‘1
i N, TUCAN preliminary
T ] \\x
. 2
% IDE_E \
:I';.- ] \\\..\m CF, +°He, 5uA
* 107 iy
] Wﬁ%
10" 4 Mhi."”l
T w0 0 a0 a0 se0

Time lin sec.)
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Conclusion

= TUCAN has the world leading UCN facility.

= TUCAN is trying to solve the baryogenesis problem.

= TUCAN will try to measure nEDM to a higher sensitivity than the current best limit.
= Needs high performance detectors to achieve this goal.

= We developed a CF, detector and tested it with the TUCAN UCN source.

= The detector performed quite well for its initial tests.
= We saw a good UCN counts and less background events than the Li-6 detector

= The detector’s performance can still be improved

= E.g.reducingthe thickness of foil used in the detector

= Ultimately, TUCAN will require 4 identical CF, detectors for nEDM data taking.
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