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Activity Summary

- 8 TVmeetingssinceSeptember2016
- coremembers

New Mexico,Kobe,FrascatiWellesleySheffield,Hawali
- maintopic: SF6

gasamplification, pressure
fiducialization(positionresolution)
tracking,readout
gammarejection
radonremoval

for details
https://indico.phys.hawaii.edu/categoryDisplay.py?categld=34
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Twoyearsago CYGNUZ3015 : Sk6shock
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THE UNIVERSITY of

- gasamplificationwith thick GEM
- minority peaks

30 Torr SF6 (0.4

30 Torr SF6 (1.0
mm THGEM)

mm THGEM)

First Studies of SF,
Ina TPC
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Gain ~ few 1000's

4o Torr SF6 (0.4
mm THGEM)
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(a) 5°Fe energy spectrum in 40 Torr SFg using

N. Phan, Cygnus 2015 0.4 mm THGEM June 4, 2015
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To +4months(MPGLD2015)

Study of Negative-Ion TPC using pu-PIC
for Directional Dark Matter search

Tomonori tkeda (Kobe Univ) - gasgainwith >-PIC+ GEMsystem

Kentaro, Miuch (Kobe Univ.)

DANIEL, Snowden-ifft (Occidental College) .
JEAN-LUC, Gauvreau (Occidental College) F6 as aln

+NEWAGE Group

55Fe hist
1. DM Experiments with MPGD Entries 2225
9 NEWAGE 140 Mean 1.828e-09
' RMS 9.828e-10
3. Motivation Direction-Sensitive m 120 ,/2 / ndf 5512/ 46
4. Measurement WIMP-search BN 4 ) P ’
A H rob 0.1679
5. Summary NEWAEL ! Gain ~300 po 6.358 = 0.294
100 p1 -2.616e+09 = 4.887e+08
s L p2 65.95 = 3.28
= so[— p3 2 1366-09 = 8.4166-11
8 B p4 8.347e-10 = 5.113e-11
to appear in EPJ Web of sof- SF, 152torr
conference b E = 1047 V/em
C Anode = 670V
20—
B AGEM = 728V
0 _I 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 —L'_I—I—I |T| J— 1 =l 1 I L L /| 1 X10-9
1 2 3 4 5 6 7 3

Charge[(]
 Total gas gain is about 300.
*  When we improve the amplifier, this gas gain is sufficient.
Then minority peak will be appeared.

2015/10/15 MPGD2015 T.lkeda 20

K trackingstudy
@ Kobe



TO + 12 mOnthS (I DM 2016) NITEC negative ion operation Ar:COz:SF{f’?

This project has been funded by the European Union’s Horizon 2020 research and l "egﬂhve — opel‘ﬂllon w“" Ar:€02:5Fs mixture 52:23:25 @ 370 Torr I
innovation programme under the Marie Sklodowska-Curie grant agreement No 657751 INFN
Started on 4 May 2015 l frame 317 Offline Analysis or
2o #®® ¥ Encountered several operating issues for the TPC due
. . t 1 .
Identification of Dark Matter 2016 [ 4., tothelow pressure regime

Cutlers’ Hall, Shefﬁeld, UK # Field cage built by Nikhef before the NITEC start

i for proton tomography and to be operated at

VERY TINY negative ion drift
o~ clusters in Ar:C02:5Fs @ 370 Torr irosoheric bressure
(gain to be optimized) | - aimosp press

N I T E ‘ . - ¢ Pressure and drift field strongly limited by this
C ‘ 182000

# Data taken at 370 Torr with ~0.3-0.6 kV/cm drift
field

S
|

a N eQOtive Ion Time Expa nSion Cha mber 1 * # Thanks to this experience, we are carefully designing
. . VIO w o= a-t 28 acfitae: @ b o0 ’ N e large prototype and performing preliminary tests
FO r d | reCtl ona I Da rk M al‘i‘er sedarc h es o :'n (laci cim;c:r):epnl in ‘:I)rZer to solgepalllthese i):stue:

electron drift clusters in Ar:C02 @ 740 Torr

E|isobeﬂc Baracchini 450 MeV electron beam data @ BTF

Istituto Nazionale di Fisica Nucleare INFN, Laboratori di Frascati E. Baracchini - MITEC: a Negative lon Time Expansion Chamber for very rare events searches - IDM 2016, Sheffield 13

In collaboration with G. Bencivenni, G. Cavoto, G. Mazzitelli, F. Murtas, F. Renga, D. Tagnani

NITEC gain measurement in pure SF ™

€ First tests of the small prototype with SFs mixtures Aig:)‘:::u?:ic’;:::z:'f:l::::;zm Pure SF, gain g
$ 450 MeV electron beam test with Ar:CO5:SF 3 ’
May 2016 ' e [
® 55Fe data with pure SF4 8 1of
Y E 175 Torr
- 225 Torr

triple GEM+ TIMEPIX

gaincurves o / / /

trackingindications :

B GEMPix max gain = 2100 |

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
Vg, + Vg + Vs [Volt]

Wl\llll

E. Baracchini - NITEC: a Negative lon Time Expansion Chamber for very rare events searches - IDM 2016, Sheffield 17



To+15months(IDM2016)

RO et first gasWGmeeting

Thursday, 8 September 2016 from 19:00 to 21:00 (GMT)
at phone

Manage ~

Thursday, 8 September 2016

19:00 - 19:20 SF6 work at NMU 20’ =

Speaker: Dinesh Loomba
Material: | slides %)

19:20 - 19:40 SF6 work at Frascatti 20’ |
Speaker: Elisabetta Baracchini

Material: | slides %)

19:40 - 20:00 SF6 work in Hawaii 20’ g
Speaker: Sven Thorpe

Material: slides '@

20:00 - 20:20 SF6 work in Kobe 20’ v
Speaker: Kentaro Miuchi

Material: Slides '@

20:20 - 21:00 Discussion 40’ +
Material: Slides Fi]



To+19 months

Update from Wellesley

SF¢ + Micromegas & Multi-channel DAQ

James Battat & Catherine Nicoloff
2017 January 18

- gasgainwith micromegas

First believable spectrum (30 Torr)

V,_ =555V (256um gap)

amp
Eamp = 21.7 kV/cm = 720 V/cm/Torr
Vi = 1050 V
Egniee = 330 V/em = 11 V/em/Torr

Gas gain ~ 260

Gas Gain (effective)

1000

100

led

Gas gain vs. amplification, 30 Torr
Fixed V4 (0ops) = 1200V. Drift field range: 420 to 450 V/cm

Amplification Field [V/cm]

Vamp range: 530 to 575V
E,mp/P range: 690 to 750 V/ecm/Torr

T [eoimd|

le5



To + 22 months SFs Measurements

Initial measurements using average pulse height
feature on scope.

Compared to values from pulse put through preamp
test input

Sheffield THGEM Update

Preliminary* gain estimate of ~6000 in 30 and 40 Torr

DAQ issues - hopefully will get more data next week.

N By Robert Renz Marcelo Gregorio mr.rgregorio@live.com

University of Sheffield

Radon Filtration From SF; Gas Using Molecular Sieves

Procedure for Testing Radon Filtration

Cygnus Gas Meeting - 20 Apr | 7 3250

—— Filter Off Best Fit
......... Filter On Best Fit
Filter Off

Filter On

- gasgainwith thick GEM
- radonremoval

Radon Concentration (Bq m~3)
N
(%]
o

0 10 20 30 40
Time (Hours)



Stateof the Art



Activity Summary

- 8 TVmeetingssinceSeptember2016
- coremembers

New Mexico,Kobe,FrascatiWellesleySheffield,Hawali
- maintopic: SF6

gasamplification, pressure
fiducialization(positionresolution)
tracking,readout

gammarejection

radonficteration

for details
https://indico.phys.hawaii.edu/categoryDisplay.py?categld=34



switchable N ew Mixico

‘GasAmpIification \ thick(400UM)GEM(3 _ 3crr?)

CERND 5mmpitch, ¥ 0.3mm

. e Frascati
- MPGDvarieties ’ . . |
1 Remstor 5: g triple thin(50um)GEM(3 3cm
chgin | S : CERN50um pitch,u o n dzy
\ i 1=%
E . ﬁelcll-i\/ field cage i e :;
gasgain L \ Copper strip field ”'.,Qg : | s filfnecior: eaggSmm -(ZEM ]
2000@30Torr v T‘fr’.ple EEL———— ; asanarainaannn GEM 2

Y x 10 cm electrode area
30,40,5602T0rr R

EEEEEEEENEEEEE] GEM 3
2 mm

be gasgain ™ Quad TimePix
N(L00um)GEM(10 10cn?) Scienergyl40umpitch,us T n dzY] 5000@175Torr, 2000@370Torr 2.8 x 2.8 cm?
>-P|C(10 10cn?) DNPAOOUmpitch strip readout ’

Drift mesh

Sheffield
thick(400um)GEM(50 50cn¥)
UK, 0.5umpithus n ® o dzY

Wellesley
| Micromegaq10 10cn¥)
CERN(gap28umand 256um)

_____—— Drift mesh(SUS)

B GEM (10x10cm) Ld

= Q p-PIC (10 10cm)
‘asgal n MPGDZ015 T.keda readout
000@20Torr

gasgain
6000@30,40Tor




GasAmplification:g K | tieQ2&

- currenttendency:thicker GEMfor lower pressureSF6

- SystematicomparisommongMPGDvarieties.

(GEMthickness 50, 100,400um , uPIC micromegagl20,128,256um) : filed)
Understandinghe amplificationprocess

- Keyprocesselectroncapture,detachment,amplification 2017JINSTL2 P02012
SFe +e~ — SF.” (attachment, metastable) (3.1)

SF.," — SFg + e~ (auto-detachment) (3.2)

SF." + SFs — SF, + SFs (collisional stabilization) (3.3)

SF;* — SF5 +F (auto-dissociation) (3.4)

58 Torr

#h electricfield, pressurefl S Y LIS NJ

s V)

@sotor. | A.Scarf{measurement)
J.Battat(toy model) | | - notimplementedin current Garfield++

- iImplementtheseprocesan Garfield++ kobeand?

e K helpto optimizethe geometry,electricF A St R X




‘ Higherpressureoperation

= motivation: normal pressureoperationhelpsthe vessel
structure (alot)

Frascati _
Ev 300V/cm BaracchinCAASTR@017
220Torrpure
SF6 e
He:CF4:SFs 360:240:10 Torr TOA analysis/*#
860 V/cm
vdrift chip @ is 0.0020193 +/- 6.38648e-05
He:CF -SF. 360:240-10 Torr vdrift chip 1 is 0.00203158 +/- 6.42549e-85
ae vdrift chip 2 is 0.00205442 +/- 6.49827e-05
-E-a.z 2 I ndf 0.7602/3 vdrift chip 3 is 0.00203158 +/- 6.42549e-05
E 5| Pro0 0.859
§oolor  oomseroumsess Drift times
E e - (9200.-volume)"0.5 {(x-y-50)<150 && o256 && ymHZ _ (9200.-volume)"0.5 {{x-y-50)<150 &8 x>256 && pz'z _

demonstrated

E. Baracchini - TPC GEMs R&D for directional Dark Matter searches - CAASTRO-CoEPP Joint Workshop 2017, Melbourne ]4




Fiducialization

- feasible?

New Mixico

Kobe

1029V/cm
30Torrpure SF6
laser

0.8}
0.7}

w

2 0.6}
S
S 0.5}
(4]

= 0.4}
0.3}

0-2fmain  2.8%
0.1 SE

o\

o

2200 2400
Time (us)

2017JINSTL2 P02012

2000

© E7mm@z=58cm
(bylaser *keVeg

Ev 550V/cm ave Form T.lkedaCYGNUS017
20Torrpure SF6
SingleCh amp Average of 100 event =
— ‘ £6.8cm
- | @90mm
0.0151— o i
P M (alphaEdep40keV)
z 0.01:— :
£ T
0.005:—
o
SO;I = I4(‘30I - I5(;0L = LGCIZ‘(JI - 17[;0‘ = ‘80|0I - 'gcgol - f1000I = ;100
Time[us]
2017/6/13 CYGNUS2017 16
Frascati
Ev_300vicm BaracchinlDM 2016
| araccnin
of 22Q0Torrpure lization seems doable 7} m—
i SF6 e - ﬂ .
::: ‘ X ray im "“‘E T
“’ Cosmic track %“”" ool d.
‘6?;{; 150 2(‘1() - 2;0 300 320 400 I:m ‘8{1?::‘:??:;':\::39:;"155"1};61]&5"|é.i'lwéé“ulsg':il75°°

E. Baracchini - NITEC: a Negative lon Time Expansion Chamber for very rare events s

. . ffield
Indication

- Yes still somemore studiesare necessary
especiallyfor low energy



‘TrackingjmuIti-channelreadout) b wesrs | | TIedeCYGNUSOL7 |

Frascati * Drift velocity is very slow, O(us) as like electron in liquid medium &peni‘t
250TOI‘rpure SFo6 BaracchiniDM 2016 *+ ASIC chip developed by KEK and lwate Univ. for Liquid Ar TPC
C 2 )
300 ‘0‘ Analog board Digital boarq

T|TT Il

¢ 12bits FADC
* 4000 sampling (20MHz)

280

nﬁg x ray AR E
260 3
F 1 ¢ 64ch on one board
240_ 1
-3 E
] o wave form data
= Cosmic track 3 PR ) 200ns/digit
180 8000 ,
ISD_I ) T T Cia bl ialas ; N ATSI(;_'(_I'..‘_FAR52016) ¢« 32china Ch|p 5 sono
100 150 200 250 300 350 400 . .
* Conversion gain : ~9.0mV/fC 2
demonstrated . UG <,
* Shaping time : 1us
F Rarmechini CNITEC: oMot 1o T © | * Max input charge : ~70fC 2
Chen Yang et al., IEEE S|poms] - ENC2000@300pF bttt
Wel IeS I ey o 500 1000 1500 " 22:_-307(5)] 2500 3000 3500 4000
HPEC 2017 conference
Brookhaven National Lab DAQ . -
¥ rac \ m)
Developed or LAr, but works with NITPC N
Analog ASIC Digitizer ASIC _ FE FPGA a g \._ —= 25— >
20] S
15; P
10;
Z[mm] A
54
e i - ; R
51 < A
At BNL, help from: Custom FPGA development (Back- Challenge: BNL Front- '50< E_ésoum
Drs. Hucheng Chen and end) by Wellesley & Boston End FPGA code is Anode [mm] 10 2 """ °
Gianluigi de Geronimo University (Prof. Martin Herbordt undocumented... N Cathode [mm]
and Jack Fried and grad student Ethan Yang).
Have demonstrated circular buffer planned * Tracking was suceed

MRS S sRAREg - * 2D position resolution : 130um(RMS)



‘ Radonfilteration ‘

Shefield

Radon Filtration from
Ske

Andrew Scarff

3

Radon Concentration (Bq

— [\*] [3e]

o S o

o =) =]

=3 =3 =
—
-

= .}

H 3000

1000

500

Mo{ecular N AT TR IR Pore Size Ap!)rox. Bead
Sieve (Angstroms)  Size (mm)
3A 0.6K,0 - 0.4Na,O - Al,04 3 2
4A NayO - Al,O4 - 2.0Si0, 4 2
u I‘I 5A 0.80Ca0 - 0.20Na,0 - Al,O3 - 510, 5 4
13X Nﬂgo . Algo:g - 2.85102 10 4

Table 3.1: Properties and specifications of the molecular sieves that were examined.

............ Filter Off Best Fit ‘

AndrewScarf@gasmeeting

Filter On
Cold Trap

t dry ice I’ RATE

0 10 20 30 40 50
Tima (Hanrel
Extrapolated N, Total Radon
Data _3 . .
( Bgm™) Concentration Reduction
Filter Off 3874.8+13.1 -
Filter On 2356.9£10.0 40%
Cold Trap Lowest 504.6 87%

Conclusion: relatively simple recirculation can
remove Rn from SFs without absorbing SFs

possibleto filter out
radonfrom SF6



Gammarejection

For SF6yetto be done.



| Gammarejection |

-verygood(O(1e8)) rejectionisrequired

Sheffield

NEWAGE 2e-5@50100keV

gamma rejection >1.98x10—7 (90% C.L.)

30-10-1 CS,-CF,-0, @ <2e7@30keV

MIMAC

Count

— N+ y-rays — N + y-rays
— y-rays 102 — y-rays

10

1 1 1 L L 1 1
40 60 80 100 120 140 160 180 0 2020 E0 300
Eioni[kev:|

1
0 20

1 |
0 140 160 180
Eion [keV]

Nacpt/Niot = 1.1 x 10~ °electron integrated rejection

n7'0% CF4 + 28% CHF3 + 2% C4H19p @50 mbar  1e-5@10620keV



Y (mm)

Gammarejection

NewMexico | 100Torr CF4
N.S. Phan et al./Astroparticle Physics 84 (2016) 82-96

5 T T I T 5 y T X I
- Nuclear Recoils Nuclear Recoils
4.5t Electron Recoils 4.5t Electron Recoils||
4F 4
E
£ 3.5 3.5
-~
— 3r —~ 3
E o5t
[:EN
2
8 9 10 11 19 20 21 1.5}
X (mm) X (mm)
(a) 9 keVee electron recoil (b) 13 keVee electron recoil L
0.5} 0.5
0 : : : - 0 : : . :
0 10 20 30 40 50 0 10 20 30 40 50
Energy (keVee) Energy (keVee)
(a) 2D Reconstruction (b) 3D Reconstruction

Fig. 14. Simulation of range vs. energy for fluorine and electron recoils in 100 Torr CF, for 2D (a) and 3D (b) track reconstructions. In the 2D reconstruction (a), events from
the electron band leak into the nuclear band up to energies of ~9 keVee. But in the 3D reconstruction (b) events from the two bands are separable down to energies of
~6 keVee.

Y (mm)

- downto 10keVpromising
- below 10keV,needsmore study

18 19 20 21 8 9 10 11
X (mm) X (mm)

(a) 28 keVr (~ 13 keVee) nuclear recoil (b) 53 keVr (~ 28 keVee) nuclear recoil



‘ CC}WOrkingﬂ - On-goingactivities

+

USJapan ‘

IU.S.-Japau Science and Technology Cooperation Program in High Energy Physics -
Proposal Application form -
Date

+

‘I MicromegagUS)+Electronics(JP)
Oct, 2017

2017/1/16«

Title of Proposal.- Negative Ion Drift TPC Development for High-Resolution Tracking -

Lead Japanese Kentaro Miuchi, Associate Professor, Kobe University

Principal
Investigator -
Lead U.S. Sven Vahsen, Associate Praofessor and Lead U.S. PI, University of Hawaii
Principal E
Investigator -
KobeSheffield

-CYGNUS/NEWA@ESseld 2 6 & SNIJF G 2 NEB £
(completeAug2017,go undergroundin 2018)
-halfofthe 41cm 41cm ¢ A Y R g dpeénto the
communityad / , D a g

- first proposalby Sheffield(workin Dec.,2017)

RIFTPIlan




Interestedin?
nextmeeting:19" July21:00GMT

Snd me an e-maill.



A SFER&Dstatus(asof 2017-06)

New Mexico Frascati Hawai Japan Welleseley UK
(D.Loomba) (E.Baracchinj | (S.Vahser) (K. Miuchi) (J.Battat) (N.Spoone)

Gaindevice 1mm,400um 3 50umGEM 3 50umGEM  100umGEM(LCP 128um,256um  400umGEM(UK)
GEM(CERN) (Kapton,CERN (Kapton,CERN  Scienrgy micromegas
b sPIC (CERN)
micromegagRaytech
120um)
Readout SingleORTEC Timepix Singleamp 8+8strips single single
electronics amp optical LigAramp
Drift, maxE 60cm1kV/cm 5cm0.6kV/cm 10cmO0.4kV/cm
Pressureforr) 20-100 150-370 20-152 30-50 30,40,50,(100)
610 (mixture)
55FeEre® = U 25% Landau 30% 40%
Maxgain 3000 5000 2000 2000
Minority peak SF5, SF4 Hint SF5
fiducialization *~ =7.3mm T =7cm
tracking 3D, E=&30um
others Water ASIGlevelopment radonfilteration

contamination
effect

mobility
measurement
z-diffusion
measurement



backup



A SFER&Dstatus(asof 2017-01)

New Mexico Italy Hawai Japan Weaseley UK
(D.Loomba) (E.Baracchinj | (S.Vahser) (K.Miuchi) (J.Battat) (N.Spoone)

Gaindevice 400um 3 50umGEM 3 50umGEM  100umGEM(LCP 128um,(256um) 400umGEM(UK)
GEM(CERN) (Kapton,CERN (Kapton,CERN  Scienrgy micromegas
b sPIC (CERN)
micromegagRaytech
120um)
Readout SingleORTEC Timepix Singleamp 8+8strips single single
electronics amp optical LigAramp
Drift, maxE 60cm1kV/cm 1cm,10cmO0.4kV/cm
Pressureforr) 20-100 150-370 20-152 30-40 3040
610 (mixture)
55FeEre® = U 25% Landau 30% 40%
Maxgain 3000 5000 2000 300 6000
Minority peak SF5, SF4 Hint SF5
| fiducialization PRIORIRTY! updates by upcoming JULY CYGNUS meeting
e o o o oo o e e e e e e o e me o e o o e e e e e e S e e e B G e EEn Ean En e En SEn an e mn an an Ean am Em Em e
others Water ASIQlevelopment
contamination
effect
mobility
measurement
z-diffusion
measurement

ref 1609.05249 Proc.of MPGD2015



A SFémeetingsummary

I e L
device 400um 3 50umGEM 3 50umGEM 100umGEM(Liquid 120umgap
GEM(CERN) (Kapton,CERN (Kapton,CERN CrystaPolymer, micromegagCERN)
Scienrgy
Readout SingleORTE@mp timepix SingleEV(?)amp 8+8strips single
electronics LigAramp
Drift, maxE 60cm1kV/cm 1cm,10cm
0.4kV/icm
Pressurefor)  20-100 150-370 20-152
55FeEre® * 0 25% Landau 4% 30%
Max gain 3000 5000 40000 2000
Minority peak  SF5, SF4 hint hint
others Water contamination
effect

mobility measurement
z-diffusionmeasurement
(comparisorwith
thermal limit)



