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Activity Summary

- 8 TV meetings since September 2016

- core members

New Mexico, Kobe, Frascati, Wellesley, Sheffield, Hawaii

- main topic: SF6

gas amplification, pressure
fiducialization (position resolution)
tracking, readout
gamma rejection

radon removal

for details

https://indico.phys.hawaii.edu/categoryDisplay.py?categId=34



HISTORY



Two years ago （CYGNUS 2015）: “SF6 shock”

2017 JINST 12 P02012

With “Insulating gas” SF6,
- gas amplification with thick GEM
- minority peaks

⇒ SF6 rush



T0 + 4months (MPGD 2015)

to appear in EPJ Web of

conference

- gas gain with μ-PIC + GEM system

⇒ tracking study
@ Kobe



T0 + 12 months (IDM 2016)

- triple GEM + TIMEPIX
- gain curves
- tracking indications
- minority carrier indications



T0 + 15 months (IDM 2016)

first gas WG meeting



T0 + 19 months

- gas gain with micromegas



T0 + 22 months

- gas gain with thick GEM
- radon removal



State of the Art



Activity Summary

- 8 TV meetings since September 2016

- core members

New Mexico, Kobe, Frascati, Wellesley, Sheffield, Hawaii

- main topic: SF6

gas amplification, pressure
fiducialization (position resolution)
tracking, readout
gamma rejection
radon ficteration

for details

https://indico.phys.hawaii.edu/categoryDisplay.py?categId=34



Gas Amplification
- MPGD varieties

New Mixico
thick(400um) GEM (3×3cm2)
CERN 0.5mm pitch, Φ0.3mm

Kobe
thin(100um) GEM (10×10cm2) Scienergy, 140um pitch, Φ70um
+ μ-PIC(10×10cm2) DNP, 400um pitch strip readout

gas gain
2000@30Torr
30,40,(60) Torr

gas gain
2000@20Torr

Frascati
triple thin(50um) GEM (3×3cm2)
CERN, 50um pitch, Φ30um

gas gain
5000@ 175Torr, 2000@370Torr

Wellesley
Micromegas (10×10cm2)
CERN(gap 128um and 256um)

gas gain
2000@40Torr

Sheffield
thick(400um) GEM(50×50cm2)
UK , 0.5 um pith Φ0.3um

gas gain
6000@30,40Tor
r



Gas Amplification: what’s next?

- not implemented in current Garfield++

- implement these process in Garfield++ （Kobe and?）

⇒ help to optimize the geometry, electric field…

discussion@ NMU
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- current tendency: thicker GEM for lower pressure SF6
- Systematic comparison among MPGD varieties.

(GEM thickness（50, 100, 400um）, uPIC, micromegas(120, 128,256um) ⊕ filed)
Understanding the amplification process

- Key process: electron capture, detachment, amplification

⇐ electric field, pressure, temperature…

A.Scarff (measurement)

J. Battat (toy model)



Higher pressure operation
-- motivation: normal pressure operation helps the vessel

structure (a lot)

demonstrated

Frascati
Ev＝300V/cm
220Torr pure
SF6

Baracchini CAASTRO 2017



Fiducialization
- feasible?

New Mixico
1029V/cm
30Torr pure SF6
laser

σz=6.8cm
@90mm
(alpha Edep=40 keV )

Kobe
Ev＝550V/cm
20Torr pure SF6
single ch amp

2017 JINST 12 P02012

main×2.8%

SF5
-

SF6
-

T.Ikeda CYGNUS 2017

σz=7mm@z=58cm
(by laser ～*keVee) Indication

Frascati
Ev＝300V/cm
220Torr pure
SF6

Baracchini IDM 2016

- Yes, still some more studies are necessary
（especially for low energy）



Tracking (multi-channel readout)
-

Kobe
20Torr pure SF6

T.Ikeda CYGNUS 2017

σxy=130um

demonstrated

Frascati
250Torr pure SF6 Baracchini IDM 2016

Wellesley

planned

Chen Yang et al., IEEE 
HPEC 2017 conference



Radon filteration
-

possible to filter out
radon from SF6

Shefield

Andrew Scarf@ gas meeting



Gamma rejection
-

For SF6, yet to be done.



Gamma rejection

1e-5@10-20keV

Sheffield

- very good (O(1e-8)) rejection is required

MIMAC

<2e-7@30keV

NEWAGE 2e-5@50-100keV



Gamma rejection

New Mexico 100Torr CF4

- down to 10keV promising
- below 10keV, needs more study



Co-working

1e-5@10-20keV

US-Japan

- On-going activities

Kobe-Sheffield

20torr

SF6

DRIFT Plane

1.6m

0.5m

1.6m

0.5m

- CYGNUS/NEWAGE vessel “observatory”
(complete Aug 2017, go underground in 2018)
- half of the 41cm×41cm“windows” are open to the
community “CYGNUS-KM”
- first proposal by Sheffield (work in Dec., 2017)

Micromegas(US)+Electronics(JP)
Oct, 2017



interested in?

next meeting: 19th July 21:00 GMT

Send me an e-mail.



• SF6 R&D status (as of 2017-06)
New Mexico
(D. Loomba)

Frascati
(E. Baracchini)

Hawai
(S. Vahsen)

Japan
(K. Miuchi)

Welleseley
(J. Battat)

UK
(N.Spooner)

Gain device 1mm, 400um
GEM(CERN)

3×50um GEM
(Kapton,CERN)

3×50um GEM
(Kapton,CERN)

100um GEM (LCP
Scienrgy)
+μ-PIC
micromegas(Ray-tech
120um)

128um, 256um
micromegas
(CERN)

400um GEM (UK)

Readout
electronics

Single ORTEC
amp

Timepix
optical

Single amp 8+8 strips
Liq Ar amp

single single

Drift, max E 60cm 1kV/cm 5cm 0.6kV/cm 10cm 0.4kV/cm

Pressure(Torr) 20-100 150-370
610 (mixture)

20-152 30-50 30,40,50,(100)

55Fe Eres(σ) 25% Landau 30% ～40%

Max gain 3000 5000 2000 2000

Minority peak SF5-, SF4- Hint SF5-

fiducialization σｚ=7.3mm σｚ=7cm

tracking 3D, σxy=130um

others Water
contamination
effect
mobility
measurement
z-diffusion
measurement

ASIC development radon filteration

ref JINST Proc. of MPGD2015 Chen Yang et al., 



backup



• SF6 R&D status (as of 2017-01)
New Mexico
(D. Loomba)

Italy
(E. Baracchini)

Hawai
(S. Vahsen)

Japan
(K. Miuchi)

Weaseley
(J. Battat)

UK
(N.Spooner)

Gain device 400um
GEM(CERN)

3×50um GEM
(Kapton,CERN)

3×50um GEM
(Kapton,CERN)

100um GEM (LCP
Scienrgy)
+μ-PIC
micromegas(Ray-tech
120um)

128um, (256um)
micromegas
(CERN)

400um GEM (UK)

Readout
electronics

Single ORTEC
amp

Timepix
optical

Single amp 8+8 strips
Liq Ar amp

single single

Drift, max E 60cm 1kV/cm 1cm, 10cm 0.4kV/cm

Pressure(Torr) 20-100 150-370
610 (mixture)

20-152 30-40 30-40

55Fe Eres(σ) 25% Landau 30% 40%

Max gain 3000 5000 2000 300 6000

Minority peak SF5-, SF4- Hint SF5-

fiducialization

others Water
contamination
effect
mobility
measurement
z-diffusion
measurement

ASIC development

ref 1609.05249 Proc. of MPGD2015

PRIORIRTY! updates by upcoming JULY CYGNUS meeting



• SF6 meeting summary
(2016-09-08)

Dinesh Elisabetta Sven Kentaro James

device 400um
GEM(CERN)

3×50um GEM
(Kapton,CERN)

3×50um GEM
(Kapton,CERN)

100um GEM (Liquid
Crystal Polymer,
Scienrgy)

120um gap
micromegas (CERN)

Readout
electronics

Single ORTEC amp timepix Single EV(?) amp 8+8 strips
Liq Ar amp

single

Drift, max E 60cm 1kV/cm 1cm, 10cm
0.4kV/cm

Pressure(Torr) 20-100 150-370 20-152

55Fe Eres(σ) 25% Landau 4% 30%

Max gain 3000 5000 40000 2000

Minority peak SF5-, SF4- hint hint

others Water contamination
effect
mobility measurement
z-diffusion measurement
(comparison with
thermal limit)


