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NEXTDBDM prototype @ LBNL

NEXTDBDM: TPC using high pressure gaseous Xe (10 L)

* Prototype to optimize energy resolution and tracking
* Envisages Ov-BB decay and DM searches with the NEXT detector
(150 Kg of 136Xe, 15 bar, room temperature)
* Primary ionization amplification: Electroluminescence
* Very low fluctuations — energy resolution is the key for Ov-pp
* S1 and S2 light signals
* Gaseous phase:

* extended electron tracks — topological signature recognition
capability

* Lower fluctuations in the production of primary ionization
(compared with liquid Xe) | F=0.15 instead of ~20
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Buffer region

NEXTDBDM prototype @ LBNL

Drift region
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* S1: start-of-event

* Primary charge drifts
towards the EL gap

(diffusion takes place)
* EL amplifications happens
(Eexc<E<Eion) — 82

* 19 PMTs (Hamamatsu
7378A) collect a fraction of
the VUV light (172 nm)

* Signals from PMTs are
digitized every 10 ns and
waveforms recorded

* This talk: no tracking plane.
Although some data with an
array of 8 x 8 SiPM 1 cm
pitch already taken



NEXTDBDM prototype @ LBNL

Dec 5" 2012 RDS51 Mini Week 4



NEXTDBDM prototype @ LBNL

Waveform: Event 128465, Channel 21
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Xe+CF4 (99.9943% | 0.0057%), 9.85 atm, room temperature, E . = 0.531 kV/cm, E_ =2.55 kV/cm
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* Increase drift velocity
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Purpose of using CF, (CH,, other adittives)

* Reduce diffusion - both longitudinal and transverse —
better tracking

* Cooling of es by the extra degrees of freedom
 Still keeping a fair amount of EL — energy resolution

pure Xe, 10 atm =—
0.01 % CF4, 10 atm ==+
0.05 % CF4, 10 atm =
\ _____|0.10% CF4, 10 atm
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[Escada et al, Jinst6 (2011) PO8006]
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Purpose of using CF, (CH,, other adittives)

* Reduce diffusion - both longitudinal and transverse —
better tracking

* Cooling of es by the extra degrees of freedom
 Still keeping a fair amount of EL — energy resolution
* Increase drift velocity [Escada et al, Jinst6 (2011) P08006]
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Comparison with pure Xe

* No significant changes in
the amount of produced
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Comparison with pure Xe

* Decrease in the EL gain
* Full energy deposition events in the center of the TPC
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Swarm parameters - Method

* Xe fluorescence X-Rays (30keV) interactions considered point-like
* X-ray waveform = convolution of a “square function” with a Gaussian

* Diffusion (Gaussian) dominates for
. Longer drift times
. Lower concentrations of additive
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Swarm parameters - Method

* Fitintended to be automatic &
performed during raw data analysis

| Waveform: Event 94928, Channel 21 |
3

* Each X-ray pulse waveform is fit:

660

* w — time that each electron takes

X-Ray + fit
to cross the 5 mm EL gap
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Swarm parameters - Method

* More than 50 % of the automated fits succeeded (consistent X?)

* Only events with X?* around 1 were chosen for the calculations of
drift velocity and longitudinal diffusion
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Method

* Determine the maximum drift time that corresponds to the 8 cm of drift

* Calculate drift velocity
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Run 967, Xe+CF4 (99.9943% | 0.02864%), 9.85 atm, room temperature, E . = 0.692 kV/cm, E_ =2.46 kV/cm
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Results

* Good agreement with Magboltz ;
simulations A I SO 1

—

* Small differences due to vD oSl *

boosted due the presence of R S —

dimers in the gas (Xe is notideal g [/

above ~ 6 bar @ room s A

temperature)?

* Data taken @ 15 bar to be
analised

pure Xe (Mag 9.0.1 - 10.12 atm) =
pure Xe (Mag 9.0.2 - 10.12 atm) ==
"1 0.0057% CF4 (Mag 9.0.1 -9.85atm) ——
0.0057% CF4 (Mag 9.0.2 -9.85 atm) ==
0.0286% CF4 (Mag 9.0.1 -9.85 atm) ——

pure ¥e (TPC data - 10.12 atm) @4

pure Xe (TPC data - 15.19 atm) -4
0.0057 % CF4 (TPC data - 9.85 atm) ||
0.0286 % CF4 (TPC data - 9.85 atm)  |-v

L 'l

0.01 | | 01 I“1
E/N[Td]

Dec 5" 2012 RDS51 Mini Week 14



-1/2
o, [mom.cm |
[
(3]
|

0.3

0.25% . st RE L
C 'i_'.; . TS B
C L T e >
_ * ey Gttee 087, .«

0.2 e TUNA LT et S
| . -:-.?- ® o 000 \C:,.... : oy '
- 00

0.15_—

0.1 :_I 1 1 1 | 1 1 L 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1
0 1000 2000 3000 4000

* When diffusion dominates, w and o are difficult to determine

directly from the fit
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* These parameters are strongly correlated
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Method

* Determine the “true” w from X-rays happening at a distance
from the EL gap less than 1 cm (less diffusion, easier to
determine w): v,

* Correct o, as following:

w [x10 ns]
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Results

drift

ﬂ'_'o'4— T T T 1 1.1 ||
F = :
Q0.35—
g r
£ r
= 0.3
S [
s I
.25
bg Ew s, 0
2__."-,; AT N TN PUTILTes wAIER I S? TC 10
R SR PR P IR X ML S T
T Rl BRI
- —
0.15 +
- o
r ~—
0.1— 1
0.05— g
b e L £
0 1000 2000 3000 4000 5000
t. .. [x10 ns] E
d
-

* Longitudinal diffusion in fair
agreement with Magboltz (mainly
when CF4 is present)

* Decorrelation factor increased by a |
factor of 2.5 from v9.0.1 to v9.0.2 (S. 10" s i
Biagi) 0.01 0.1 1

E/N[Td]
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Conlusions / Future work

Semi-automated analysis method to determine both drift velocity and longitudinal
diffusion

Experimental results fairly agree with Monte Carlo (Magboltz)
Results worked as input for improvement of Magboltz

Array with 64 SiPMs installed: tracking function. Hope to measure transverse
diffusion!

Compare obtained EL gains with MC for the precise amount of CF4 (garfield++ /
Magboltz)

Adding CH4 is planned, already with tracking running.
Explore lower drift electric fields (what about recombination?)

Search for the evidence of dimers at high pressures by calculating the drift velocity
(boosted?)
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Thank you!!!
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Backup slides



Results
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