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disclaimer:

A detailed description of the technical details of NEXT-MM will be
circulated inside the collaboration soon.

| will focus here on the main results of potential interest for NEXT-100



Part 1: system description
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level of connectivity: 92%
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gain maps are necessary in order to achieve ultimate resolution
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some typical events
(from old run: only lower half
Instrumented)



Pablo Pons

1. Muons

IN random coincidence with
trigger

(no analysis, just selection on the
event display)
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2. Low energy electrons
In random coincidence with trigger

(no analysis, just selection on the
event display)
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3. ~30keV escape-peak photons
(59.5keV-[29.8-33.6]keV K-shell)

(selection after analysis)
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4. Full absorption 59.5keV (1blob)
(after a) Auger cascade following
lonization of K-shell or b) 1onization
from external shells, or c) K ; re-
absorbed in the local neighborhood)

(selection after analysis)
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5. Full absorption 59.5 keV (2blobs)
(K, re-absorbed at a distant position)

(selection after analysis)
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Part 2: identifying the relevant
parameters of the electron swarm
with the commissioned system.
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Part 2.1: drift velocity



1. Obtain drift velocity by re-scaling time-distributions to a common z-profile
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2. Systematic uncertainties involved in drift velocity calculation (dependence with radial position)
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1, >2ms for all measurements
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Part 2.2: longitudinal diffusion



1, >2ms for all measurements

1. Study 2 different analysis procedures
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1, >2ms for all measurements

25

225

[

1.75

average signal width [us]

—
o

Width, depending on: { 125
-lon transit time.
-Track geometry.
-FEE response. 1

2. Fit the most probable values to the expected behavior

#4 < @« 0O 0O

UdriﬂZSSDDV
‘u’driﬂZSSDDv
Vi o00Y
‘u’driﬂZSSDDV
W ig= 2800

it

+

4+

it

it

10 15 20
Z[em]

Very little dependent on drift voltage!

25

30

35

40



>2ms for all measurements . i . i .
c longitudinal diffusion compilation
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Part 2.3: transverse diffusion
(expectedly a strength of this setup)



1, >2ms for all measurements : o
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Similar to ¢*, [mm/Ncm], the transverse diffusion ¢, [mm/\cm], clearly increases with
the drift field in this operating range. However, extracting its value seems to require of a
full simulation (ongoing), due to the very low hit multiplicity, or some smart idea...




Part 2.4: extras



Position resolution estimated from signal width
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All TMA values from here on must be
multiplied roughly by a factor x2 to correct
for a calibration problem.

Part 3: Penning effect and

energy resolution




A proper simulation of the electrons’ drift through the field lines precludes a pure
hydrodynamic modeling based merely on the parameters of the swarm.

The short scale at which the electric field varies in the transition region between the
drift region and the amplifying gap is comparable to the electrons’ mean free path.
Electrons will not fully achieve (in general) statistical equilibrium before the field
orientation and module changes appreciably.

A microscopic modeling is enforced -> Garfield++.

We have preliminary separated the problem in two parts:
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Part 3.1: the amplification region



Ozkan Sahin
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lines: simulation
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Problems and next steps:

the necessary —r-).

Status as of April at RD51 mini-week

« All the fits using the proposed model

% It describes transfer curves sufficiently well

<+ BUT: a, and a, negative at higher pressures

than 5 bar
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* 3 — body interactions only happen for large TMA fractions at low pressures ???

+%» Should be checked. with gain measurements at large TMA concentrations at high pressures

<» What is the physical meaning of a, parameter, which mechanism(s) leads to drop on

transfer curve: n Progress.

(will mainly mimic a smaller gap, and increase

Repeated. Concentration is approximately
doubled, as compared to published data (erratum to be submitted soon).

Will also likely increase —r-, due to the stronger e- cooling.

 Interpretation of atomic-molecular parameters a, , cumbersome in the
presence of excimers.... (

)

details in

http://indico.cern.ch/getFile.py/access?
contribld=37&sessionld=5&resld=1&
materialld=slides&confld=245535




Part 3.2: the transmission region



The experimental situation

Too high drift field:
Too low drift field: loss of transparency. Electrons ‘crash’
losses due to recombination or attachment. against the mesh.
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1)

2)

3)

4)

5)

Is the observed effect compatible
with recombination?

Fit the left-side to the standard
‘Jaffe+Onsager’ model as proposed by
Ramsey/Agrawal

Qoo_QO
1+K/E

Attachment can be excluded up to 6bar
and down to 50V/cm/bar (measured:
T,>3ms after recirculation!
(measurements done on 1cm drift)).

Q=0+

The observed effect is systematically
increasing with increased quencher and
increased pressure (intuitive).

The behavior to the right of the maximum
iIs a complex interplay between field
geometry and diffusion and depends
strongly on the behavior of the
Micromegas.

In the absence of recombination or
attachment the behavior to the left of the
maximum is expected not to depend on
the micromegas, equaling one
(preliminary studies based on
microscopic simulations are given later).
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A compilation of the main figures in the Onsager/Jaffe model

fraction of charge that escapes recombination at zero field

T T T T T T T T * TMA ~1.5%
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Quantitative explanation still missing, but it behaves as intuitively expected. The higher
the quencher and the pressure the faster the thermalization, the lower the charge that
escapes initial recombination. However...




The observed effect is much more serious than for alphas in pure Xe!
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Is this purely an effect of the faster thermalization of the initial electron in the presence
of quencher or is Penning also somehow involved??




We tried to understand if this loss of transparency at low fields can be caused by the Alicia Diago
transition to the micromegas amplifying region (Garfield++ and Comsol simulations).
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(above mesh)

Fila z 0 0055

File z 0.0050 File z 0.0000




No drop at low fields in simulation.
Trend for high drift field correctly captured!

@ Xenon / TMA

oy
r T e 1.7% TMA @1bar
E - e 1.7% TMA @2bar
m B ® 15% TMA @3bar
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Alicia Diago

differ by to 20% (under investigation)

arbitrary normalization!. Curves around the operating plateau

very preliminary!




Part 3.3: energy resolution



First order formula used in the CDR (valid for large charge collection efficiency)

o N 1 1
—;2.35\/F +f+(0-T))+(1-Q/Q_) /
E T N
A ,T N Q19
/ (0-0.2 ->simulation)
<015 31 (simulation) (0-0.2->from measurements)

(single-electron variance)

. G. D. Alkhazov, A. P. Komar, A. A. Vorobeb, lonization
F =F (Q-r)+TrF, fluctuations and resolution of ionization chambers and semi-

' ' conductor detectors, NIM A, 1966.
/ / (Eq. 11)

. _ -> [, is a complex (defined-positive) function.
from simulation

-> ¢ is the probability that an excited state causes an
ionization by photo-ionization or Penning. (‘probability of
de-excitation followed by additional ionization’, in Alkhazov
words—this old reference is still used by Aprile and Knoll).
Here it has been replaced by r in first order.

Extremely difficult to isolate all contributions..., but we do not give up!




the goal (stay tuned)
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Conclusions and outlook

Detailed assessment of unconnected pixels performed and situation understood.

Basic analysis tools developed.

Calibration preliminary implemented. System response very democratic at the moment.

Previously 12%FWHM@30keV energy resolution on 1000evts and small area extended to the
whole readout plane for over 100kevts.

Energy resolution asymptotically approaching the NEXT-O (small TPC) levels (6%), showing
reqularly 9.5% and hints of 8% for very small regions (~1000evts).

(a necessary step before going to 10bar).

Analysis of Xe-TMA parameters (diffusion and drift velocity):

A calibration problem affecting the TMA determination was identified and solved.

Measurements of the longitudinal coefficient and drift velocity of Xe-TMA mixtures
(93/7, 97/3) in strong disagreement with Magboltz 9.0.1.

Modeling of the Penning effect and microscopic modeling of Micromegas started.

Simulation results preliminary indicate that the presence of excimers is necessary to
describe the transfer probability, as expected.

Strong hints of loss of transparency (from simulation) and recombination, that may
explain the deterioration with pressure and %TMA.

A common picture emerging... but some work ahead .



Appendix



Description of the electron cloud in a (standard) hydrodynamic model

avalanche equation

an 8° 8° 8° o
—-—+avyn+D >N+—n|+D, n-W-—n=20
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solution for a point-like release of n  electrons

n(r,z,t)= x exp [av t]

n, exp (—r2/4Dt) o re oxt (z-v,t)
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standard Magboltz re-definition
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parameters of drift region (old analysis (very high statistics))
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Results for the diffusion coefficient
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This experimental parameter depends very weakly on the chosen XY-
region and threshold used for the analysis, very robust!!
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Other relevant parameters as a function of voltage
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z, vs R, (@EDkeY)
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March 28 PSA-th100(1.2keV)

gain excursions (before and after correction)
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Excursions much smaller with the new power supplies!



March 7-18 ? PSA-th50(0.3keV)
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March 7-18

PSA-th50(0.3keV)
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’ March 28 ‘ Results for full sector 2 after calibration (no cuts!) PSA-th100(1.2keV)

before calibration | > after calibration
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NOTE: cut in signal width should suppress backgrounds.
calibration works better for 30keV, since ~70% of the energy goes to one pixel




March 28 Results for full sector 3 after calibration (no cuts!) PSA-th100(1.2keV)
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NOTE: cut in signal width should suppress backgrounds and improve resolution.
calibration works better for 30keV, since ~70% of the energy goes to one pixel




March 28
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Results for full sector 4 after calibration (no cuts!) PSA-th100(1.2keV)
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NOTE: cut in signal width should suppress backgrounds and improve resolution.
calibration works better for 30keV, since ~70% of the energy goes to one pixel




March 7-18

a

resolution’s best
(after preliminary single-factor calibration)
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Before calibration
(30keV)

After calibration
(30keV)

Typical Number of
events

Typical size

Typical problems

Notes

Summary of NEXT-MM analysis@1bar

PSA PSA PSA PSA
th1.2keV + th1.2keV + thl.2keV + th1l.2keV + phys(old
phys(old soft) + phys(old soft) + phys(old soft) + soft) + Matlab
Matlab Matlab Matlab
17%(S3) 13-15% 11-13% 8-9%
-30%(S2)
12% 10.3-10.5% 9.3-9.9% 8-9%
tails visible small tails ~no tails ~no tails
120000- 50000evts 5000-10000evts 500-1000evts
150000evts
1 sector 9cm x 8cm 5cm x 5cm lcm x 1cm
unconnected unconnected 1.03-1.1%@Qg, ~single-pixel limit.
pixels, fringe pixels (some ~ Little statistics
fields, bad ) PSAth0.3keV
containment analysis makes a
difference

Standard analysis
(fast)

NEXTO

6%

With further
analysis we can
certainly
approach 7%

?

5cm x 5cm



