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KEK-JAPAN

@ International Large Detector (ILD) a

ILD
iz International Linear Collider

(ILC) project in Japan:

Yoke/
Muon

m energy range (baseline design): Coil

staged project starting at 250 GeV

HCAL

———— ECAL

w |LC is planned with two experiments TPC

w Time Projection Chamber Vertex

(TPC) is the central tracker for e
International Large Detector (ILD)

== [LD components:

Yoke/ Muon HCAL

- yvertex detector

. i LD requirements:
> few layers of silicon tracker

» momentum resolution:
6(1/pr) <2 X 1075GeV™!

w impact parameters: o(r¢) < Hum

mw oaseous TPC
m ECAL/HCAL/FCAL

m superconducting coil (3.5 or 4 T) » ot luti
> jet energy resolution:

O'E/EN3—4%
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C TPC Tracker for I1LD

KEK-JAPAN

TPC is the central tracker for
International Large Detector (ILD)

1= Large number of 3D points
m continuous tracking

=" Particle identification

m dE /dx measurement

1" Low material budget inside

= TP i ts in 3.5 T
the calorimeters (PFA) C Requirements in 3.5

m barrel: ~ 5%Xo m Momentum resolution:
m endplates: ~ 25%X, > 6(1/pr) <9 x 107°GeV™!
_ m Single hit resolution:
1 Technologies for gas amplification: > o(rd) < 100um (overall)

> 0(Z) ~ 400pum
w Tracking efficiency:
- 97% for pr > 1GeV
w dE /dx resolution: 5%

m Gas Electron Multiplier (GEM)
wm MicroMegas (MM)

=> pad-based charge dispersion readout
=> direct readout by the TimePix chip
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C D_RD_18 Project ﬂ

KEK-JAPAN

1= The feasibility of a TPC for the LC was demonstrated in D_RD_2 project

s |LD detector baseline document was completed in March 2013

1= Main issues towards final design were pushed forward with
Large Prototype (LP) of the TPC within D_RD_9 project
e first test beam experiment of the large aperture GEM-like gating device
> key issues of the engeneering design: COy cooling, track distortions, etc

iz D_RD_18 project started in 2018 and has to resolve remaining issues
towards technology choice for the ILD TPC
w single hit, momentum and dE/dx resolution with Large Prototype 2 (LP2)
w mitigate ExB effects at design level (field distortions)
m design optimization of the GEM-like gating device
- 2-phase COs cooling
m simulation of the effect of the resistive anode layer for MM
m minimize the GEM discharge rate and gain uniformity

> new module design with common pad structure and electronics
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@ Prototype Technologies ﬂ

KEK-JAPAN CEA - Saay

iz Charge density function

—rzRC]

p(r,t) = 5 exp[—

R- surface resistivity
C- capacitance/unit area

i MM: T2K readout ASIC iz GEM: modified ALTRO readout
w 72-channel AFTER chip (12-bit) w 16-channel ALTRO chip (10-bit)

S.Ganjour D_RD_18 5



@ TPC Large Prototype at DESY

KEK-JAPAN

2-layers GEM (Japan)
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Module with the gating GEM z

S.Ganjour D_RD_18



KEK-JAPAN

@ Beam Test at DESY 2018 ﬂ

1= 4 new Micromegas modules
tested in November 2018 at

DESY facility
ww new endplate LP2
s ]_—|OOp 2-Phase COQ cooling

m improved mechanics:
99.9% good connections

W new grounding scheme:
encapsulated resistive anode
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@ Modules’ Quality ﬂ

KEK-JAPAN TR

Measure the quality of connection

from pedestal rms and occupancy Measured occupancy from

. L accumulated cosmic ray events
1= Due to error in electric circuit 2 pads

in each module are missing
m» can be fixed in next production

1= 1-4 missing pads in each module due
to bad pins in connector

missing ~ 1 pad 1T

_Pedestal measured in B=1 '

200 [ PedRMSGiobal _: « missing ~ 1 pad
- center module Entries 1819

150 Mean 5.547 |

100 - <RMS> RMS 0.3468 _
- ~5.5 ADCount E

50 | -
[ Very good electrical connection between

J y S . pads (PCB) and FEC (99.9%)

ADC counts
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KEK-JAPAN

C ‘ Transverse and Longitudinal Resolutions ﬂ

Prototype readout modules operate in
a 1 T magnetic field

iz F'it data with:

2
o(z) = Jag + %:f;z, o5 = b?/Neg

> o - the resolution at z = 0,
Neog - the effective number of electrons

m Magboltz calculations of D at about
3% precision

Extrapolation to a magnetic field of 3.5 T
and 2.35 m drift length yield to a maximum
100 pm over the full drift length
(tightly controlled gas quality and minimal
impurities)

02

Oy [mm)]

0.1F- ¥
L L )
[« Fit w/ 3-modules =

0.05

[ inputD_ =93.6[um/ fem)|

0,=97 3t1.1[mm], N =343=14 ]

Fit w/ center module -~
0,=78.6=12[mm], N =24.620.7 -]

Fit w/ lower module -
0,=105.7«1.2[mm], Ncﬂ,=32.lzl,4 1

O.,

7100 200 300 400 500 600
Global drift length z [mm]

05F

0, [mm]

04F

02F

0.1F

03F

input Dl‘mgi=230.0[um/ fcm] N

Fit w/ 3-modules + 1
0,=262.9+3.3[mm], N =293x13 ]

Fit w/ center module -
0,=295.0=3.3[mm], N“_I_=26.8xl 2

Fit w/ lower module
0,=273.5+3.3[mm], Nc“_=29.011 3

0

00 200 300 400 500 600
Global drift length z [mm]
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Track Distortions

Norll-uniform E-field near module

[mm]
boundaries induces ExB effects ‘= 05 s 2015 data 1 2,=5
E I .;,.,*‘*Ar¢ ~ 1.0mm i Tz, =104
15 Track distortions in standard scheme =2 i ,,jt_ I
— B # 91 —z =206
- c off P
> reach about 0.5 mm at boundaries = ¥ ﬁ%&“ R B
.. . o M “#! { z,=308
m worth to minimize at design level ug 2, : {2 =380
. e . 1 —z, =409
m accounted as systematic error » 05, 1.
-O d
K 1 —z,=511
= Encapsulated scheme (2018) to reduce 300 1250 1500 1650 1700
distortions at the edges of MM modules row radius [mm]
m mesh at ground (same as the frame) e )
- - F 'Ar(plfv 0.2mm . _Zdif’l
m resistive anode at the +ve HV = [ :N W"": TRt
— - ## | Z4=
grounded mesh Detector frame = 0 - w %*:' { “Z=101
for capsulation is also grounded E L " LS —Zdiigi
(- l ] E _05¢ 1 z=251
@) ' * 1 z=301
[— -~ -] "g 1 —z,=351
" 1 —z,=402
I Metalback frame D 1 -_§018 data (encapsulated)_— st
, © - 4 —z4=502
DLC-coated kapton H.V line [ # 1 —z=551
ExB effect between modules is fully suppressed in 13001400150016001700
the new scheme row radius [mm]
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P : /)
.10 nn, dE/dx Resolution m

Nt S

Measuring dE /dx resulution with
LP and extrapolating to ILD TPC

= Test arbitrary track lengths by randomly & i  E=230 V/cm (all) 1
combining hits from several real tracks to 5 20| E=230 V/cm (mod3)
do track in test beam setu ! : =140 V/em (all)
d pseudo P = i E=140 V/cm (mod3) |
m allows extrapolating dE/dx resolution 'U\cj 15| :
to the ILD TPC tracks > i
) i
= Estimated dE/dx resolution with 70% o 0
truncated mean for [LD TPC
w GEM: o4 qx = 4.1% for 220 hits St
=> no degradation due to gating GEM 0o
=> good agreement with simulation # hits in track

m NMM: OdE/dx = 4.8% for 192 hits

=> no degradation due to resistive foil

S.Ganjour D_RD_18 11



C

KEK-JAPAN

Ion Backflow

Ton Space Charge can

r
deteriorate the position ! .
. outer cylinder
resolution of TPC #
charged ) t
. . ] ] ] particle electron drift path | i} reconstructed track
i Primary ions yield distortions = 7| e S :.}-
in the E-field which result to Fy
. z-¢ ol |
O(< 1um) track distortions diner cylinder
Q) L] - L] L]
Secondary lons yield dlstortlor}s Eatihoda Anode
from backflowing ions generated in ! \
the gas-amplification region: Full Drift L=2.25[m]
. T 10E RN EAEL 1 177 m
m 60 um for IBFxGain=3 ER: e [k
. . c Of = r=0. m
for the case of 2 ion disks 2 E r-0600m
T -10F ————— 3r=0.550 m
(ILC bunch structure) O oof e
554”; ions drift slowly - 30 3 \j:;gziggm
1 Vions 7~ 1m/s = ¥r=0 450 m
I - Er=0.425m
/ S0E- Az{%; = 855 mm v 0.400
o r=0. m
- T2K _ —
”H [H ”m " =SS \Er=0.385m
70 —
. (- > 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
073ms EﬁT T — Time Drift lenath fmm1
200ms ‘ 1train =
1,321bunches : |
Open gate Close gate Gate 1S needed.
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(C / Ion Gating

KEK-JAPAN

Gating: open GEM to stop ions
while keeping transparency for . 10um
electrons

i A large-aperture gate-GEM  with S 2um
honeycomb-shaped holes

peu CathOde seslassansessanssnsmnms - == Cathode sssssssssssnsansansunmmm
. 1 1
I 2 produced 1mn Japan i electronsﬁ JEW i i JED’ i
m handed to Saclay for transparency J:-._G_a‘e__l_ _ | 4 Gate lons |__ __
N —— |y - A3 T\ = -
measurements with MM i BVopen 4 A |1 BVelosed { ‘F |
I &= 1
I 1
> yse test setup at CERN + GEMT_ | _ _ o+ CGEMI_ ) | _
. G+ T T T T T
| 1
HHHHIN IR L LML : :
Gate QREN ' :‘;,:G:EMZZ: —_————=1T :GgM:Z: ——
"‘!,f;'.:.‘.tlﬂ ".wl it “ E ‘ E
) ! GEM3 1 GEM3
P e e e e e | e e e = = =
s ! -} .
| Anode ! Anode
= NS e ——
The ions must be stopped before

penetrating too much the drift region
1= French team: simulating in hardware The device to stop them must be
an ion disk with a UV lamp transparent to electrons
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KEK-JAPAN

| C GEM Gating —Large aperture GEM transparency ﬂ

Electron transmission rate as a
function of GEM voltage
measured with Fe®

100

T 4
£ [B=0T Exdchon ransprancy
3 L 27 S h‘-\-\
g 80 d\mw e —_
E L f] . / .
2 L
o
= 60 /
s [ Preliminary .
8 20l Errqrs are stati‘stical only. | A
[m] L |
L i i 30
H The curve is only to
20 ) 7
L guide the eye.
i l |
s 0 5 10 15 20 20 25
Gate-GEM Voltage[V] AV (Volts)

1= Measurements with GEM (at KEK)
and MM (at CERN) are consistent

1= Extrapolation to 3.5 T shows accept-
able transmission for electrons (80%)

1 Estimate ion-stopping power based
on electron-stopping power measured
with a laser beam = better than 10~*

Measurement of ion-stopping power
withing this project!

A module with a gating GEM has
also been tested in beam in
November 2016

— 03¢ ,
= - v>/ndf = 6.53/6
E 0.25F 0,= 54.6 £ 2.4 [um]
< - i Co/\N= 18.6 021 [uny/yem]
= C  Preliminar — . ‘
02— Yoo
- g ro= \:'o(—;+(CI‘).«".\Teff) z
(\With-Gating..GEM)
0.15F ' ‘ g .
- i i i PUPPETES Tithy
Z JEPPEFCEEEEE S
0.1F aesse #2220 (Withgut Gating GEM)
R N
- y-/ndf = 3.59/6
0.051- o,= 55.1% 2.2 [um]
0; Cp/|N,z= 17.8 021 [um/Vem]
0

100 200 300 400 500
Drift Length: z [mm]

The results are consistent with no more
degradation than expected ( 10%)
GEM gating seems to be a possible

solution for the gating at ILC
M. Kobayashi, et al.,
NIM A918 (2019), 41-53
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@ 2-Phase COy Cooling ﬂ

KEK-JAPAN 7 Sacia

Cooling of the electronic circuit is
required due to power consumption

15 Temperature of the circuit rises up to 60°C

> causes a potential damage of electronics
m convects gas in TPC due to pad heating
1= A 2-Phase CO, cooling with the KEK cool-

ing plant TRACI was provided to 7 MM
modules during 2014 /15 beam tests at DESY

1= 2018 tested with 4 modules in one loop

m 10°C at P=50 bar system operation

> about 30°C on the FECs was achieved dur-

Ing 11 days of continuous operation = Thermal behavior and effect of
cooling have been simulated

w [).S. Bhattacharya et al.,
: JINST 10 P08001, 2015
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@ 3D Cooling Circuit ﬂ

KEK-JAPAN

e

iz [JLD TPC Requirements
ww about 1kW heat transfer
(half cilinder)
=> power pulsing at room T
b AT ~ 1°C over the gas volume
=> uniform pad plane temperature

m ]ess material comparing to existing
experiments

Development of micro-channel
cooling plate in PCB piping with
3D printing technology is ongoing

Cooperation for industrial contacts for
the micro-cooling circuit option

iz Saclay project “COSTARD”_

m cooling plate by metallic additive fab-
rication by laser using sintered pow-
der of Al with a 2 mm inner-diameter

serpentine

=> test possibility to remove the pow-
der residuals from the serpentine

=> test pressure up to 100 bar
=> develop connection to pipes

S.Ganjour
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KEK-JAPAN

Members, Funding

00
/

CEA Saclay
Spending on French Funds French Group Japanese Group
Description €/unit Nb of units Total (€) Provided by:' Leader Name Title Lab./Organis.? Name Title Lab/Organis.®
TYL WS (Nara, 8-13 May, 2018) 150/day 8. Ganjour Dr. IRFU/CEA K. Fujii Dr. KEK
S. Ganjour, P, Colas/ 5 days 2 travels 2600 | CEA/IRFU Members | p. Colas Dr. IRFU/CEA T. Fusayasu Dr. Saga Univ.
D. Attie Dr. IRFU/CEA K. Kato Dr. Kinki Univ.
I. Giomataris Dr. IRFU/CEA M. Kobayashi Dr. IPNS/KEK
A. Giganon Mr. IRFU/CEA T. Matsuda Dr. IPNS/KEK
M. Titov Dr. IRFU/CEA A. Sugiyama Dr. Saga Univ.
""""""""" B. Tuchming Dr. IRFU/CEA T. Takahashi Dr. Hiroshima Univ.
T. Watanabe Dr. Kogakuin Univ.
S. Narita Dr. Iwate Univ.
Total 2600 K. Negishi Dr. Iwate Univ.
Spending on KEK Fund Y. Aoki Miss Sokendai/KEK
— Nb of wal Total (K A. Shoji Miss Iwate Univ.
ipti t t t
Description " of umits véal &) K. Yumino Mt Sokendai/KEK
Visit to France (K.Fujii, Jan. 2019) 20/day 8 days 160 KEK
Travel 260 1 travel 260 KEK Funding Request from France
s N ~ . 4,
Visit to France (A.Sugiyama, Jan. 2019) 20/day 4 days 80 KEK Description €/unit NI of units Total (€) Requested to:
...................... Visit t Jana 150/da 45 d& §750 | IRFU/CEA
Travel 220 I travel 20 KEK itto Japan - e
Travel 1000 3 travel 3000 | IRFU/CEA
Visit to France (T.Ogawa, Jan. 2019) 15/day 8 days 120 KEK
Travel 180 1 travel 180 KEK - Total 9750
Shared with HEP_9 Funding Request from KEK
Total 1,020 Description k¥ Unit Nb of units Total (K¥) Requested to:
Visit to France 20/day 28 days 560 KEK
Additional spending on French funds Additional spending on Japan funds Travel 200 4 travels 800 KEK
Provided b_\’:1 Type € Provided by:3 Type k¥
E-JADE H2020 RISE secondment 15000 IPNS/KEK travel 140 Total 1350
CEA/IRFU equipment 15000 Tokyo Univ secondment | 500
Additional Funding from France Additional Funding from Japan
Provided by/Requested to® | Type € Provided by/Requested to° | Type k¥
Total 30000 Total 640
CEA/Irfu ILC R&D 20,000 IPNS/KEK travel 280
EU AIDA 2020 5,000
n@ Saclay applied to Total 25,000 Total 280

s E-JADE fund travels to Japan
=> for 4 years

iz A postdoc from

Saclay for 2.5 months

Japan visited

S.Ganjour
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C Conclusions ,:‘!

—LERECJARAN re——

i A TYL project D_RD_18 has been engaged in 2018 on the possible con-
sequences of the “expression of interest” of the Japanese governement
this year, as an input to the European Strategy Update

1= The French-Japan R&D work is in a phase of engineering toward the
technology choice of a TPC for the ILD detector

ww new beam test carried out with the LP equipped with a new end-plate

= 4 MM modules with a new grounded scheme (encapsulated) were tested
—> ExB effect between modules is fully suppressed in the new scheme
=> 2-phase COy cooling operation with 1-loop circuit was confirmed

> we identify points requiring common active R&D to be pursued

=> further analysis of the test beam data together with simulations

=> optimization of the GEM-like gating device and measurement of ion-stopping power
=> testing of new amplification GEM foils aiming reduction of discharge rate

=> 2-phase COy with a monolitic cooling circuit using 3D printing technologies

=> engineering aspects, electronics and simulation

iz Special thanks to P. Colas and A. Sugiyama
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C

Backup ﬂ
KEK-JAPAN CEA - Sacky
Backup
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LCTPC Collaboration N @)

P T
Extensive R&D for ILC TPC is active research area of the LCTPC
Collaboration

|@nn Carleton _NlKH EFS' gfngi:;s:r!:
LEEATU University —
E_/ v I Inter- ‘.‘ Lund DESY

Version 2016 ‘ University JI Unive rSlty, BINP

) Hamburg Novosibirsk |
i i o
University of Ul 2=l Tsinghua
University |

Victoria

Brookhaven
National
Laboratory

Kogakuin
| University

~ ;
{
{ Kindai
f ‘-‘f University
-“'f "'/ ! ‘; University of
J | } Technology, Hiroshima
[ r B University
f‘ y [ | J |
| i | I | Nagasaki
' | InstAS
f / / |\ | \
;!
f | |
/ f :{ | 1 i\ \ ¥ _\_ \ L \
) L / }f “ | \ \ '\ ) \\ N
/ |
- -EY I \‘“
J I B _
ObServer mdpana | “lowa | ite | f Mﬁ | Comel.’ | Uniberbite d(l LAL Orsay/ ‘ RWTH ‘ | t | Mmadan \ University 1
Status: | Unrve;srty Umw n‘y = Umve:stry N Jeal _IPN Orsay \Aachen .\ L «ch [ Krak v o suU-NT \_‘l Tokyo
7 ESNL VLOU.'S.'&!]a T F‘!udue ‘I-V Ya_fe _'\ ‘QIOJJy 7@)1\/6!8!!‘}/ Il UJ)!VeJ_SJT;)f N Rosl‘ock V”H. NIP NE I| ' PNFT.' N ‘I.- JAX -
| Berkeley I Jech \‘ University | Umvemfy \ BlOOk | ofFferu:g _ Kar.’smhe | Umvets;fy BUCI]HIE‘.‘:T ) St Pereisbmg | Kanagawa

Total of 12 countries from 25 institutions members + several observer institutes
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KEK-JAPAN

C Micro Pattern Gas Detectors (MPGDs) ﬂ

1= Technology choise for TPC readout: Micro Pattern Gas Detector (MPGD)

ww no ExB effect, better ageing, low ionback drift

m easy to manufacture, MPGD more robust mechanically than wires

= Resistive Micromegas (MM) w GEM
b MICROMEsh GAseous Structure m Gas Electron Multiplier
w metalic micromesh (pitch ~50 pm) m doublesided copper clad Kapton

m supported by 50 pm pillars w multiplication takes place in holes,

> multiplication between anode > 2-3 |ayers are needed to obtain
and mesh (high gain) high gain

ﬂ;&@m

=0

X 50-100 pm

- 40 kV/c
100 pm o ~2000 pum
40 kV/cm

3to4kV/cm

v
| | | I 1
1 I

!
|

Discharge probability can be mastered (use of resistive coatings, several step amplification, segmentation)
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WHEAre®
\_/

Calibration and Drift Velocity

15 Prototype operates with T2K gas

w Ar(95%), CF4(3%), iC4H10(2%)
b oas purity: 100 ppm Hy0O, 60 ppm O,
m deploy Magboltz calculations

Temperature [C°]

20 E
Ftu 16 c

""“"‘mh&,

beam

iz Absolute Ty calibration:

w beam trigger: dedicated z-scan at

— 600 y
E B "'IL
E |
B E=230V/cm )
N 400 -
Q I .
Q0 ™" E=140vicm
:
200 (to,zo)=(0.09us,-2.8mm) —
m
. 02 [ppm] Z,, [mm] 09+11]|1
"I Ve [MM/ps] 757 £0.3 | ]
: '% 0 Zy, [mm] -82+1.1| |
20 "y Vdriftl [mm/us] 57.7 +£0.2 -
1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1
T o 2 4 6 8 10
Mean Hit Time [us]

LCTPC (MM TB2015)

Viaeiee = 140,230 V A E— S AN N N
3 Edrm:14§0V/cm
m cosmic trigger: accumulate a T Sy B o
whole LP volume data events dooof AT
E=140 V/cm E=230 V/cm B e S S B
3 | 0 Vdnﬁ-LtpC/Tdnﬁ—SGQ K mins
V4 Data 56.7 £ 0.1pym/ns | 74.1£0.2 pm/ns | 20—
Vq Magboltz | 57.9 £ 1.0um/ns | 75.5+ 1.0um/ns 00: NN I N I Vo |
D, Magboltz | 74.5 + 2.5um/{/cm | 94.8 £+ 3.1um/{/cm T_ade, binx40ns
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C Electronics

KEK-JAPAN

ﬁ
L/

iz The beam test electronics are not those to be used in the ILD detector

w AFTER (T2K chip) is not extrapolable to
Switched Capacitor Array (CSA) depths of 1 bunch train

m ALTRO does not satisfy power consumption requirements
1w S-Altro 16 has to evolve
m improve packing factor (probably 65 nm)

% [ower power consumption

m power pulsing from the beginning

1" Final design based on S-Altro 16 requires a renewed project

w current effort on being made at Lund University
> this is not in the final form

m could still use it to test cooling, power-pulsing, etc

Design of a large GEM and MM modules with cooling and
high channel density has been started

S.Ganjour D_RD_18
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KEK-JAPAN

Facility Upgrade: Large Prototype 2 (LP2)

iz Further studies toward the tech-
nology choice will be carried out
with upgraded LP2

= new mechanical design of endplate:
no space between modules

m new large area strip telescope within
solenoid with Si sensor:

(project LYCORIS )

=> 10x10 cm? active area
> 320 pum thickness

- 0.3%X, material budget

=> 25 pm strip pitch to meet momen-
tum resolution

=> integrated pitch adapter and digi-
tal readout (KPiX)

System is under final review before
send off to production and funded by
EU AIDA2020

The sensor is a silicon strip sensor designed
by SLAC for an ILC environment:

/ 10 cm

10x10 cm? active area

yz position of hit on 4th Si layer

y [em]

A= == = =Y

40 K= - - - -
0 Fig: SiD silicon strip sensor with one bump bonded KPiX

Rail structure for movement
along magnet axis
(independent movement of each rail)

Telescope cassette

Rail structure for movement
along magnet angle

TPC Readout plane
Final dimension of the active area is 10x20 cm?

S.Ganjour
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