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MicroMEGAS based detectors at TAMU

1. AstroBox — B-delayed particle spectroscopy
MicroMEGAS: 29 ch + aux detectors: 3-16 ch

2. MDM / Oxford — FP detector for transfer reactions
MicroMEGAS: 28/56 ch + aux detectors: 12-17 ch (FP)

~200 ch (TIARA + HPGe)
3. TexAT — The Texas Active Target

MicroMEGAS: 1024 ch +aux detectors: 250 ch

Wires Stainkess Steel Body Gas Filled (Isobutane)
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1. AstroBox — B-delayed particle spectroscopy



Bp-decays for nucleosynthesis at TAMU

A. SAASTAMOINEN et al. PHYSICAL REVIEW C 83, 045808 (2011)
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Common problem with Si-detectors: 8 & escape background,

impurities, sensitive to noise!

J.P. Wallace et al. / Physics Letters B 712 (2012) 59-62
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From Si to gas as detection medium

95% Ar + 5% CHj4 800 torr
B P
7 £
] £
recoil o
~200 V/cm
' E
~30 kV/ecm -
N

Example 23AI 3- delayed protons
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AstroBox (2009-2012): E. Pollacco et al., NIM A723, 102 (2013)
AstroBox2 (2014-): A. Saastamoinen et al. NIM B376, 357 (2016)
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X2 detector
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AstroBox2: Basms

» Total 29 pads, 105 x 145 mm? total area
* 128 um gap (also 256, but not in use)

- “Classical” collect/decay scheme

» Analogue electronics (mesytec)

» Typically ~1 atm P5 (UHP)

* Drift field ~ 200 V/cm (ve ~ 3 cm/us)

» Mesh in ground

» Beam off: anode HT fixed ® _@ﬁ@m
fixed electronics gain £33 =
—>~1.6 MeV f.s. (10V. ADC) ———— é =B
- Beam on: Gating grid transparency few % Lo | AT ;
—> ~50-60 MeV f.s. (10V ADC) Zﬁ-vzﬁ%%)m
« Typical RMS noise < 10 mVyp
» Typical resolutions Beam ON (NIM) —
55Fe, 5.9 keV X'ray: 14-16% FWHM, Gating Grid ON (TTL) ~ 1 : L
241Am, 5.5 MeV a: ~2% FWHM Scaler/Time Cycle RST (NIM) ~LJ
(source outside the active volume), Beam OFF (NIM) ] S
25Si Bp, 400-1000 keV: 4-5% FWHM Beam OFF to Cyclotron (TTL) __ —
)

—> ~1001/E, (estimate for micro bulk 90/VEp) ok cie toscor
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Rejecting of impurities
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Background free 3-delayed protons: Example case 31Cl
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Background free 3-delayed protons: Example case 31Cl
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Background free 3-delayed protons: Example case 31Cl
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31Cl - Comparison to Si data
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(Gas/plasma) Chemistry in play?

Cal C3 addback Pad C2 vs TdIff between pads, BeamOff, M=2, Event maximum E deposit not on C3
E(C3) E(CR3)

T(C3)-T(CR3) < 0 T(C3) T(CR3) -
> -
O - 20Na o
:::::::::::::::: > -
3 '+ <3000~ (Ba)
510 f
recoil. E mf - Beam Off _ a (2_15 MeV)
'\ 2500 M=2 - " -7 4180 recoil
P & }
p = L Emax Not
m L - max == 0(2.15 MeV)
rowarascatnoce 20001~ on center pad =
T(C3)-T(CR3) > 0 E(C3) E(CR3) B _ -
=================== 1500 i
8‘ ﬁ : - -
f /p 9 : 160 recoil of
“ 1000[- = i
; Kl - ?:';" a 4.4 MeV
S— 500 aszaz 160 recoil of
TowarZS agode } g: a2.15 MeV
- 1 l 1 1 1 l 1 1 1 l 1 1 1 r 1 1 1 l 1 1 1 l 1
—600 -400 —-200 0 200 400

<4 T(C3)-T(C2) (ns)
Can we do better with waveforms / digital? down up

GEW, Bordeaux, France Oct 12, 2018 A. Saastamoinen m



Gas/plasma) Chemistry Iin play’?
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2. MIDM/Oxford — FP detector for transfer reactions



MDMFocal Plane Detector

Position and Angle
Measurement

e MDM spectrometer

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

— (originally from Daresbury)
| “
\ e "Oxford” detector:
| Seue - 4 x resistive wire for position
o bbby Sl ety - anode plates for dE

- plastic scintillator for Eves
- iC4H10 ~20 ... 150 torr

uuuuuuuuu
positions
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26Mg+13C transfer, 2009

Pre- Upgrade limit: A=26,27 AE/E=9%

' DE1-PM | _DE-PM_| | DE1-PM " DE1-PM_|
; Entries 1585424 > ' Entries 0942124
m. CMear s 1™ m. | Mean » 1608

| . Mear y 1441 { Meany TTOS
| o 40) | ey 8577
7000} Sy ey 7000/ .y %)
Mg isotopes
@ 12 deg
2000
1000
;'?!Y:!:::‘.!f':: ................................................
% 1000 2000 3000 4000 5000 6000 7000 8000 1000 2000 3000 4000 5000 6000 7000 8000

Courtesy of Alexandra Spiridon
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MICROMEGAS Detectors for dE measurement

Initial upgrade:

e Replaced least useful dE anode plate

® 4 x 7 pads, total 28 ch, easy to instrument

e (QOtherwise, operate the rest of the detector as before
(easy to go back if things do not work)

Further upgrades:

e Replaced one more anode plate with Micromegas (8 rows total)
e Replaced plastic scintillator + window with Csl array in gas (Rogachev group)
e Digital readout with CAEN V1730 (Christian group)
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Characterization with elastic scattering on Au target

18 1 10000

fix)=3081E4x + 8977E-3 24Ne v22No A26Mg »28SI «328

R'=9993E1 ® 23Ne

12 : :: »28S| Y22Ne Y22No 160 = i “ . <
z,o .:';: .5,100 .'.i:"v‘. "'v
goe an © ‘-' "v vy "°
d oe » 13C “ " ‘ v'V'
118 0 “ 'v | 'v.,v
04 X 108e i = \ 4 : =, : o ®
- i —— "’,.vx"
0 1000 2000 5,..,9, [33:3."".“] 4000 S000 6000 2.0 40 6.0 E_amm ?*(:”cm] 100 120 140
Multisampling of several pads!
Beam | R[dEI] | R[Row] | R[SumR] | R[AvgR] | RlWAvg] | RIEMuO] | R[dEtot]
2Ne | 12.2% | 7.4% 5.0% 5.1% 5.2% 4.7% 6.1%
Mg | 7.5% | 7.7% 5.1% 5.0% 4.9% 4.4% 4.3%
2§§i 7.9% 88% | 6.5% 6.4% 6.4% 6.1% 4.6%
28 | 14.9% | 11.0% 7.2% 7.2% 7.1% 6.9% 7.0%
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Characterization with elastic scattering on Au target

Variation of the MuO resolution with| Note that dE1

2 has resolutions
bias and pressure of 8% at best
5.00% T ot woter  wworr | (UsUally 10-15%)
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4.40%
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4.00%
3.80%
3.60%
3.40%
3.20%
3.00%

260 250 240 230 210

MuO Blas Courtes ofAIexandra Spiridon
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13C(26Mg,2’Mg)12C @ 12 MeV/u

DE1+MuO vs PM Entries 2340788

26Mg+13C @ 4°
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13C(26Mg,2’Mg)12C @ 12 MeV/u

DE1+MuO vs PM Entries 2 4680790407
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TIARA for TEXAS (T4T): TIARA+Hyperion+MDM

® [ransfer reactions, e.g. (d,p), (6Li,d) in inverse kinematics
e Sibarrel + backward (forward) Si array

o 4 x HPGe “clover” from LLNL Hyperion array

e MDM as 0 degree spectrometer

e Oxford FP detector with Micromegas

Stable beam commissioning with:
d('°F,2°F)p, d(#*Na,>*Na)p, d(>Mg,*6Mg)p, °Li(>Ne,=>2Mg)d
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Push for heavier masses, test with d(63Cu,%4Cu)p

dE-E for Cu64 and Cu63 w/ MicroMegas
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No visible aging (polymer growth)?

Low pressure iCsH10 known to break down to smaller radicals,
seeding polymer growth on wire counters in same conditions
—> Observed as dark spots with same optical microscope

2y nf » 4 I
¥ el e ) e Micromegas installed Oct 2014
Inspected Jul 2018 during wire replacement
Total beam time 300+ shifts (>2400 hrs)
A =2-64
Up to 50 kHz rates, typical < 1kHz
No visible deterioration
(replaced some wires twice during
this time period!)
e Some sparks have killed individual PA ch,
no effects on Micromegas observed

g .“1 ,~ 44\.-

Mag: 500x optlcal
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Few (personal) remarks on low ch count systems

+

+ + +

+

L

In general: a few ch system can do a lot
More specifically, analogue systems so far:

ow overall cost (per ch still pretty high!)

Fast prototyping and development of detectors
Electronics easy to debug (old school)

2

elatively highly integrated electronics available

(no need to fill racks for just few tens of ch)

H

elatively simple analysis software

Scaling up is expensive, takes a lot of space, ...
No pulse shapes recorded

H

elatively slow / limited data rates

Hard to read small signals in noisy environment

GEW, Bordeaux, France Oct 12, 2018
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Few (personal) remarks on low ch count systems

In general: a few ch system can do a lot

More specifically, analogue systems so far:

+

+ + +

+

L

ow overall cost (per ch still pretty high!)

Fast prototyping and development of detectors
Electronics easy to debug (old school)

2

elatively highly integrated electronics available

(no need to fill racks for just few tens of ch)

H

elatively simple analysis software

Scaling up is expensive, takes a lot of space, ...
No pulse shapes recorded

H

elatively slow / limited data rates

Hard to read small signals in noisy environment

Already going digital in many projects at TAMU: MDM/TIARA (CAEN V1730),
Hyperion/NeutronStars (S1S3316), NIMROD (S1S3316), LIG (CAEN DT5781)
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3. TexAT — Texas Active Target



GET Electronics for TexAT

* 1274 channels total( 1024 Micromega plate and 250 aux
detectors)
« 2 CoBo and 1 Mutant modules, 5 AsAd boards.
* GANIL DAQ is used to store data:

v Merged data format by DAQ

v OnIme/OffIme data analysis software

e exas Active Target (TexAT) design
a-particle

from fission source

(60keV FWHM)
NlM A 887 (201 8) 81—93 run_0189.dat - Frame no. 7 - Event no. 6 — Cnannal 1

Sub-frame no. 2- CoBo no. 0- AsAd no. 2 - AGET no.0

S

|
Digitized Signal Value
@ © @

nnnnnnn

0
l'IrmBuckdlld ~—— Gnannal

A picture for TexAT and GET setup Central Pads A | ; ; ili detect
G. Rogechev, Gas Detections Systems Workshop (2018) 18 mm signal waveform from silicon detector

Courtesy of Sunghoon (Tony) Ahn
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Data Analysis Cluster System

* Conversion time from raw waveform format to root tree (30 mins for 10GB data)
* 10GB data every hour for @10 evts/s

* 112 CPUs and 116GB Memory

* Apache Spark: cluster-computing framework

* Apache Hadoop: software utilities for cluster-computing
* Docker: operating-system-level virtualization

SpCtﬁ\(Z TErbnm &> docker

Slaves

ID v Host CPUs Mem Disk Registered Re-Registered

150-2993-S51 ar-gnode-01.tamu.edu 12 14.5 GB 1816.1 GB 2 weeks ago 2 weeks ago

gr-gnode-02.tamu.edu 12 14.5 GB 1794.6 GB 2 weeks ago 2 weeks ago

5050-2993-548 gr-gnode-03.tamu.edu 12 14.5 GB 1794.6 GB 2 weeks ago 2 weeks ago

050-28993-545 gr-gnode-04.tamu.edu 12 14.5 GB 1794.6 GB 2 weeks ago 2 weeks ago

5050-2993-S33 gr-gnode-08.tamu.edu 16 14.6 GB 1792.6 GB 3 weeks ago 2 weeks ago

gr-gnode-07.tamu.edu 16 14.6 GB 1792.6 GB 3 weeks ago 2 weeks ago

)50-2993-531 agr-gnode-06.tamu.edu 16 14.6 GB 1792.6 GB 3 weeks ago 2 weeks ago

gr-gnode-05.tamu.edu 16 14.6 GB 1792.6 GB 3 weeks ago 2 weeks ago
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TexAT Example #1: Structure of °C

 Reaction: 8B + p with 7.5 MeV/u 8B beam and 103 pps from MARS
* Target: Methane at 500 Torr

Hit pattern in the Micromegas Plate Excitation function for 8B + p
- 100
120 - C e -
P~ B § 500 90f—  140; 27272
S ° " Comp sostor
*= 100(— — ao:—: i | .
) E —400 & L 2;.; ; Bl
O ol £ 7 :
N - = ),
N B =300 ﬂn‘ - 073 353 35 4 a5 +
: 60 - Excitation energy (MeV) .
o \5\@3 o | & Fogachoy ctal First TexAT
B 0 (\(0 ’ a | + + measurement with
S < 5§ “F + { ’ RIA beam
20— Q 100 30f— + +
_I L1 | L1 1 1 ) 1 l!* L1 | L1 1 1 1| | L1 1 1 20:_
T R | R [ R T R R S Y Y S—
Position X (c:eII Id) Excitation Energy [MeV]

Courtesy of Sunghoon (Tony) Ahn, Josh Hooker
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TexAT Example #2: 10C(a,a), 4O(a,q)

Finding track lines

Pa rt]Cle TraC kS ]n TeXAT ﬁ | using Hough Transformation

TexAT Chamber

Silicon Det.

Distance to center (mm)

_____________________________________

. Micromegas .
o ejectile

sili¢on Det. | £ 00 \ S/
I :"'. £ 250 X /
B0} o - b
> 2ooi— L ///
“-rec & 1s0f 5 S
I8 \ vertex B 100 LY 2
a soi— \‘\\
- (i 3 0 WA W n:‘»n [ of- 3
__________________ i__________________: ,5q:.11111,‘.11, ‘I\,Jl,lljl,l.A.,‘
I Field Cage =150 -100 -50 0 50 100 150
: Position X (mm)
|
! 120:— _-'.-
] :
i 100_— _._.-
beam_1°C > 80 £
8 60— i
40:— .
20:— l] -
0_ [ SR | R L1 AR R S NN SN TR N NN SO N SR N
ourtesy of Sunghoon (Tony) Ahn T e
Cell ID X
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TexAT Example #3: 12N(B+)12C—8Be+a— a+a+a

' Micromegas

decay
a-particles

;—w-"_'_.
=)

_____________________________________

Field nge

beam 12N

—— -

-]

Trigger for 2p mode:
o 1sttrigger: L1A from 2N implant (T12 = 11 ms)
Timeout 30 ms: if no 2nd trigger (L1B) —> discard event
iIme between triggers stored as D2P_time
Channel multiplicity (MTL) for both L1A or L1B is 10 (> 5 time buckets)
No beam while waiting L1B
If no L1B generated new beam pulse 50 ms after previous beam pulse
If L1B was generated, new beam pulse for next event

Courtesy of Sunghoon (Tony) Ahn
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TexAT Example #3: 12N(B+)12C—8Be+a— a+a+a

TexAT Chamber 2p mOd E | 2018-09-29 01:25 -~ channe
| Micromegas |
| decay
decay 5 a-particles
a-particles '
}
| .
EU% 80
""""""""" }"""""'Fié'li:i'tage
I 12
CO, gas | beam 2N shasltUied,
N

]

Trlgger for 2p mode: | RN
1st trigger: L1A from 2N implant (T12 = 11 ms)

Timeout 30 ms: if no 2nd trigger (L1B) —> discard event

Time between triggers stored as D2P_time

Channel multiplicity (MTL) for both L1A or L1B is 10 (> 5 time buckets)
No beam while waiting L1B

If no L1B generated new beam pulse 50 ms after previous beam pulse
If L1B was generated, new beam pulse for next event

Courtesy of Sunghoon (Tony) Ahn
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TexAT Example #3: 12N(B+)12C—8Be+a— a+a+a

run_0104.dat - Frame no. 31 - Event no. 49
Sub-frame no. 0 - CoBo no. 0 - AsAd no. 0 - AGET no. 0

2,500 [ : ; : :
v
=
) T \ B ; H
=TT J | SV U0 U OO SO0 OO UUSOU O OSSO0 0 00 O U0 DU OO S O OG0 OO SO SO0 SO OO U S 0 0 O
T _ ‘ '
c i i i
o : é :
h
o i
(7] \ é é é é z
= . : : i
o |
a
run_0104.dat - Frame no. 31 - Event no. 49
Sub-frame no. 7 - CoBo no. 0 - AsAd no. 3 - AGET no. 0
T vy v T TR B R T v b : i i ;
0 50 100 150 200 250 - |
UL L s L 1,600 2|trir |
1,400 4 e gg
] ’ é ; z i :
()] - J
=2 . '
> 1,200 | ‘f : : : :
© - [
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& ) | z
N T ;‘ i
£ 800 fr
o . ‘
a
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400 _-
200 -
Y T B I T R e 1

0 50 100 150 200 250 300
Time Bucket Index
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TexAT Example #3: 12N(3+)12C—8Be+a—a+a+a

315

310

Time bucket (40 ns/bucket)
2 og 8
a 8 o
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©0
o

TexAT Chamber 160 . .
2p mOd b XY Projection
______________________________________ S= 20—
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TexAT Example #4: Incomplete fusion of 10C

» Reaction: 10C + 208Pb with 7.5 MeV/u 10C beam from MARS

* Target: 208Pb

* Normal Kinematics

* Detectors: 2x E: TTT2 (126 strips for both frontside and backside) and
2x dE detectors (16+16 strips)

* GET: 2 AsAd boards

Byl — 1 'S

gAngularDist EAll

(4]
S
e UE .
o F W .
© —- &
~ ) \
P
- P
0Ew . \.ﬂ
: & o
B \(‘ »
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(@ L
10° | < e
= &
- %
B ®
105 =I 1 1 I 1 1 1 | l | 1 1 | I 1 | | 1 I 1 1 1 | I | 1 1 1 l 1 1 1
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6., (degree)

Angular Distribution of elastic scattering of 10C
Detector Setup measuring 1°C from reactions
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TexAT Example #5: Si+Csl array for 8Be anomaly

* Reaction: 7Li + p 2 2a + e + et with 1.2 MeV/u 7Li beam from K150
* Si detector setup for 8Be Anomaly

* Target: Hydrogen gas cell at 2.5 atm pressure

* Detector: 4 TTT2, 36 CsI detectors and 7 FP silicon detectors
* GET: 6 AsAd boards

beam

1o Gas "

No Gas ; ﬁ
- e Ayt ]
WW‘V WMW mm Spectrums of Csl gated on Si-Csl coincidence

s _L L P — s
500 1000 150

Cha g -
quma ray Spectrums of Csl from Csl only triggers S 1
= Gas - No Gas
= 1Gas - No Gas -
z: %: mg_‘ N Maybe???
3 " --5&] ”@\ N S U
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Thank you for your attention!
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Physics motivation: Explosive nucleosynthesis in novae/XRB
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Physics motivation: Explosive nucleosynthesis in novae/XRB
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Recent studies for nucleosynthesis at TAMU

A. Saastamoinen et al.

J. Phys.: Conf. Ser. 940 012004 (2018) 3:98 3BCa 39Ca
A. Saastamoinen et al. f N AN “"""‘
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Most recent work: 3-decay of 3°K

> : LI .S
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- 35K, Si detectors s 09
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34Cl(p,y)3*Ar Gamow window at Nova / XRB temp

Si data: A. Saastamoinen et al. J. Phys. Conf. Ser. 940, 012004 (2018)
AB2 data: exp in Jul, Oct 2017, R. Chyzh PhD thesis (work in progress)
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Effect of decay location?

In case the stopped beam has not fully neutralized and ions drift to cathode
(or, depending of chemical element attach extra electron and drift to anode)

For decays in gas vs on cathode, see e.g. B. Blank et al., NIM A330, 83 (1993)
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Effect of decay location?

Simulation, on cathode only

Cal C3 addback Pad CL3 vs Tdiff between pads, BeamOff, M=2 |
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Cal C3 addback Pad CL3 vs Tdiff between pads, BeamOff, M=2
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MICROMEGAS Detectors for AE measurement

Micromegas ® ngh, adJUStabIe gaS galn
/ e Segmented structure

I

b S e Good resolution in implanting

‘ B heavy ions in our decay detector
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Y. Giomataris et al., Nucl. Instr. and Meth in Phys. Res. A 376, 29 (1996) E. Pollaco et al., NIM A723, 102 (2013)
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Example #5: Looking for “Y”’s

* Reaction: 12N > 12C* > 8Be+a—>a+a+ad
* TexAT for measuring decay a particles
« CO, gas stops 12N beams in the chamber.

12C Carbon prod uction
o+ Hoyle state i
8Be I 7.65

|

— % 2K
|
2 !

/ — 444

99.96% I
3 s 2| |
a |
0 .

a process and the formation of 12C.
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