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na, Future Large Scale Accelerators

Possible High Energy Frontier Machines

1= Next generation linear collider in Japan

m International Linear Collider-ILC:
eTe” collisions up to 1 TeV

15 Post-LHC accelerator projects at CERIN

m Future Circular Collider-FCC:
FCC-hh (100 TeV), FCC-eTe™ (350 GeV), possibly ep

mw Compact LInear Collider-CLIC:
ete” collisions up to 3 TeV

15 Circular Collider project in China

m Circular Electron Positron Collider-CEPC:
CEPC ete™ (250 GeV), SppC pp collider (100 TeV)

Extensive R&D program for TPC (LCTPCQ) is
advanced for ILC aimed to demonstrate its feasibility
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A Time Projection Chamber (TPC)
is a detector consisting of a
cylindrical gas chamber and a
position sensitive readout endcaps

iz The TPC acts as a 3D camera
taking a snapshot of the passing
particle

=" Transverse and Longitudinal resolu-
tions are major characteristics of the TPC

m XY position: charged particles ion-
ize the gas, a longitudinal electric field
causes ionization e~ to drift towards
endcap where they are detected
(transverse resolution)

w7, position: measure time between
lonization and detection multiply by drift
velocity (longitudinal resolution)
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ﬁm@ International Large Detector (ILD) ,:‘l

7833

ILD

Yoke/
Muon

15" International Linear Collider
(ILC) project in Japan:

w energy range (baseline design): 250-
500 GeV (upgradeable to 1 TeV) loos

w ||C is planned with two experiments

_ — — e Vertex
m TPC is the central tracker for b

International Large Detector (ILD) L ——

aa/
g |3

FCAL
Yoke/ Muon HCAL

HCAL

ECAL
TPC

iz [LD components:

> yvertex detector

w few layers of silicon tracker == ILD requirements:
m gaseous TPC b momentum resolution:
w ECAL/HCAL/FCAL 6(1/pr) <2 %X 107°GeV™!
m superconducting coil (3.5 T) ™ impact parameters: o(r¢$) < 5um
m muon chambers in iron yoke " jet energy resolution:

og/E ~ 3 —4%
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Detector Optimization
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1= TPC point resolution is x10 worse than Si

s would need x100 more points
m not always practical
> [arger tracking volume

w include 2 inner Si layers (SIT) and
1 outer Si layer (SET, ETD)

iz [JLC flagship measurement

w recoil mass eTe” — Z(11)X

m driven by both beam spread (op)
and momentum resolution(op)

- og = 400 MeV from TDR
> op = 300 MeV at R,;; = 1.8 m
> op =400 MeV at R,;s = 1.4 m
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@pa Time Projection Chamber for ILD

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

= L arge number of 3D points (~ 200)
m continuous tracking

1= Particle identification
m dE /dx measurement

1= Low material budget in front of the
calorimeters (Particle Flow Algorithm)

- barrel: ~ 5%X
m endplates: ~ 25%X,

1= T'wo gas amplification options:

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

=> pad-based charge dispersion readout
=> direct readout by the TimePix chip

iz TPC Requirements in 3.5 T

m Momentum resolution:
- §(1/pr) <9 x 107°GeV™!
m Single hit resolution:
= o(r¢) < 100pum (overall)
= 0(Z) ~ 400pum at z=0
w Tracking efficiency:
- 97% for pr > 1GeV
w dE /dx resolution: 5%
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Prototype Technologies (Resistive Micromegas)
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=" Pad size limits transverse resolution

> yse resistive anode to spread charge

mesh
~100pum Amplification gap: II\ E /I\ B

i insulator: ~100pm

1 Charge density function of time depen-
dent charge dispersion on 2D continuous
RC network:

—r2RC]

p(r,t) = 7 exp[—

R- surface resistivity
C- capacitance/unit area

MM: T2K readout concept:

Relative fraction of charge seen by pads
fitted by Pad Response Function (PRF)

spmujdwry 2Aney

24 rows x 72 columns (1726 Pads )
Pad size: 3 mm x 7 mm

* Module { Module size: 22 cm X 17 cm

72-channel AFTER chip (12-bit)

S.Ganjour
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@E@%@ Prototype Technologies (GEM) :‘l

Triple GEM Modules Double GEM Modules

drift volume

GEM '
-T 255V
g
=i ETransfer = 1500 V/cm
- ‘
-T 250V
g
E ETransfer = 1500 V/cm
N
i
-T 250V
g
E EInduction= 3000 V/ cm
o

pad plane

spacer and
support frames

: readout pad :\

iz GEM: modified ALTRO readout
w 16-channel ALTRO chip (10-bit)
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L-;,ln!o'w%@ Transverse Resolution ﬂ
L
) LCTPC (MM TB2015) X2 / ndf 8.7/8
e a ;\Aée{n o;/e‘r ‘al‘l nc‘)d‘ul‘e‘sf | Opml 737+ 05
. ée I (51rows [N 348+ 03
Prototype readout modules operate in o° [ Resistive MicroMegas *
a 1 T magnetic field - /“/
. . 01f | ' .
iz Fit data with: ;//
0.05 I
— 2 D3 2 _ K2 : ‘  Runs: 0515105160 |
O-(Z) - 0-0 —|_ NeffZ, 0-0 - b /Neﬁ' | : : : E:230V/cm, 1=200ns :
I T BRI R R L
0 0 100 200 300 400 500
w7 - the resolution at z = 0, drift distance [mmj
Neog - the effective number of electrons
m Magboltz calculations of D at about MRS I I IS R R
0 . 0.2r Triple GEM p
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)

0'....|....|.“,1....|....|..
100 200 300 400 500
drift distance [mm)]
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Measuring dE/dx resulution with
LP test beam data and
extrapolating to ILD TPC

15 Test arbitrary track lengths by randomly
combining hits from several real tracks
to a pseudo track in test beam setup

m allows extrapolating dE/dx resolution

to the ILD TPC tracks of 130 cm <~ 03—
o %2/ ndf 25.41/23 |
= Estimated dE/dx resolution with 70%  j 0.25 S 05202003286 | ]
truncated mean for ILD TPC ;%( 0.2;_ oooerdie® _
w GEM: 04p/ax = 4.17% for 220 hits §O 15:_ :g:t:lNk _
=> no degradation due to gating GEM ° - :

-> good agreement with simulation 0'1:_

> MM: 045 /qx = 4.5% for 170 hits 0.05F

-> no significant degradation due to | T

T N TR TR T T N SN SN TN NN N TN SN A
0 50 100 150 200
# hits in track
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v_nﬁ% Track Distortions ﬂ
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|Pre|iminary |
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MicroMegas | [mm]

Non-uniform E-field near module
boundaries induces ExB effects

<

(&)

LI B
|

1" Track distortions in standard scheme z4=55

m reach about 0.5 mm at boundaries

o

(6)]

LI I B
|

Before
After B=1T

m accounted as systematic residual offsets
1300 1400 1500 1600 1700

distortion in r¢ [mm]

=> worth to minimize at design level

m determined on a row-by-row basis row radius [mm]
m» correct residuals to zero at about 20um = 1':' GEng = after alignment
. . . é —e— after correction

15 Good agreement with simulations >
w E and B field inhomogeneity at module bound- E
aries and near the edges of the magnet 2
O
Refine the simulations and work on possible Z

countermeasures are ongoing ST

1300 1400 1500 1600 1700 1800
row radius [mm]
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nﬁp@ Encapsulated Scheme ﬂ
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5 New scheme to reduce distor- . . Paul Colas
) track distortion in r¢
tions at the edges of modules

g I}E h
m mesh at ground P
: < 05F - :
=> same potential as the frame s - 0.2mm
. g [ = j?"’:?_“- ]
I 2 o 0OF = - e e
resistive a-mrfode. at t.he +ve HV $ O n == ]
m the amplification field can be tuned sk 0
. ~t —z =30mm
independently of the drift field : — 2= 100mm
: : : “1F —2=500mm ]
m the gains can be equalized while keep- . - . - : ]
. . ) . 1300 1400 1500 1600 1700
ing the drift field very uniform Global row radius [mm]
grounded mesh Detector frame = [F2015 data . : _
for capsulation is also grounded g Ir — —2=30mm 4
R I —z=100mm -
- l ] q{‘-} osh N ~ T o—z= S()()mm_:
“ .. .
g . S
[- PCB | § 0F R : -
| Metal back frame ; T ) ]
' -0.5 - ~ | 2mm - . -
DLC-coated kapton H.V line [ . ]
-1F —
. R , \ \ , -
ExB effect between modules is fully YT T TR
suppressed in the new scheme Global row radius [mm]
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Ion Space Charge can r
deteriorate the position ! .
. _ outer cylinder
resolution of TPC | & A
charged ) N
. . ] _ _ particle electron drift path | \| reconstructed track
i Primary ions yield distortions 7| s B e
in the E-field which result to | o Py
- z-+' M o
O(< 1um) track distortions e/ dfjner cylinder
Q} L] - L] L] I
Secondary ions yield distortions . | R N

from backflowing ions generated in |
the gas-amplification region: Full Drift L=2.25[m]

~
v

-+

. T 10 T At 717m
- 60 juaset for IBFXG&IHZS =T __._.-——Er=8.g88m
. . c Of —{r=0.700 m
for the case of 2 ion disks 2 E r-0600m
T -10F —————r-0550 m
4 (ILC bunch structure) 2 -20F- ——— 1/ 0500m
n ions drift slowly ™ 3 T~ J/-0475m
Vions 7~ 1m/s 40 § \f r=0.450 m
E \g r=0.425 m
S0~ Az[%} = 855 mm v
5 o E r=0.400 m
AZpgr, = 1710 mm r=0.385 m
|‘|‘|‘H 70;_||||||||||||1||||||||||||||\|||||||||||||_-l:—
2 > 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
"‘ 0.73ms  50ps “—— Time Drift lanath Tmm]
ltrain =
2ooms | h32tbunches Gate is needed!

Open gate Close gate
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Ion Gating ﬂ

Gating: open GEM to stop

while keeping transparency for
electrons

ions

Polyimide

1= A large-aperture gate-GEM with
honeycomb-shaped holes

p=22 CathOde sesbsmsmnsansansnnsnnm mg  r=u CathOdE sessassensansansnninnmm -
: - i I
i electrons # : P g ;
: ﬁ Eps i ’ Epq i
4 Gate I | Gate ions !
I e e e e e — e —_—— —
T B S e T T it
: AVr.;pen o I : AVclosed I
”~, & 1
i SR :
'L GEM 1 : 1 GEM1 !
j===sg====| p==s====s |
| 1
1 GEM2 | 1 GEM2
[ el N [ ——
A B =
1 I
1 GEM3 | | GEM3 :
| I et e e e e e R [ e e e e e e e
i '\ 1 i
I 1 1 1
| Anode I | Anode H
[} 1 d

The ions must be stopped before
penetrating too much the drift region
The device to stop them must be
transparent to electrons

S.Ganjour
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100, GEM gating —Large aperture GEM transparency
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? 100
Electron t issi t functi s feot
eCtirorn 1transInissiorn rate as a 1unction N P ee
» 80 B
4= e L T
e 1919 IS E—
of GEM voltage measured with Fe //
. = 60
Measurement using >°>Fe 7 5 I Preliminary
g ok Errqrs are stati‘stical only.
We measured the signals with the normal and reversed drift fields for each AV. . i : :
: ; : : B The curve is only to
Normal Drift Field Reversed Drift Field 20 guide the eye.
[ sFe | e
-5 0 5 10 15 20
Cathode s Gate-GEM VoltagelV]
Region 1 / OCN Region1 (¢ (e) " (e El‘ T M Xndf =6.53/6
/ v SR IN E 025" G, = 546 % 2.4 [um]
Gate-GEM | Gate-GEM T T T~ < - L Co/\Nog= 186 2021 [y Vom]
\ | S 020 Preliminary —
Region 2 A &/ R 2( - =y r S ren
\\l ! Iy Ezi glon l L L Ezi E Org=\ot+C/Ny 2 . .
N / \ 0.15 With Gaflng GEM) S
AmMp-GEM1 ~~|— — Amp-GEM1 il C _‘_::::“:;;;;t:;:::u .....
0.1F ceeszsz ¥ Vi dut Gating GEM)
Amp-GEM?2 Amp-GEM?2 S »>/ndf = 3.59/6
0.05F 0y= 55.1% 22 [um]
| [Anode N~ | [Anode " | - Co/\Ng= 178 £021 [uny/Yom]
signal Signal - % 100 200 300 400 500
electrons from both region 1 and region 2|| electrons only from region 2 (full signal ) Drift Length: z [mm]

. The results are consistent with
Extrapolation to 3.5 T shows acceptable no more degradation than

transmission for electrons (80%) expected ( 10%)
Simulation shows that ion stopping power Gate-GEM seems to be a

better than 10" at 10 V reversed biases solution for the gating at ILC
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FCCee Booster ring
1=z Main features: 2-ring scheme
m E-range : 90-350 GeV
m maximum SR power drives Collider ring

the machine design

LTB: Linac to Booster
BTC: Booster to Collider Ring

> lumi increases at low E

Super Synchrotron, S
Medium-Stage Synchrotron, MSS

Rapid Cycling Synchrotron, p-RSC

BTC

IP3

> continious bunch structure

Proton Linac

. P4
TS 2-I'lngS concept allows

multi-bunch operation at

/-pole
DC COJ'HD‘er ng
iz High Luminosity at
Z_pole 1s critical for the | | FCCee-Z | FCCee-W | FCCee-H | CEPC-Z || CEPC-H
/5 (GeV) 30 T60 270 30 770
TPC performance L (103 cm—2s) 230 32 8 17(32) 2.0
_ # bunches T6640 2000 393 T0900 736
m not applicable for FCCee Total RF voltage (GV) | 0.1 0.44 2.0 0.05 2.14
Bunch intensity (10'!) 1.7 1.5 1.5 0.16 1.3
> baseline Option for CEPC Lumi lifetime (min) 70 50 42
SR Power (MW) 50 50 50 30 30

S. Ganjaur R&D with Prototypes of TPC 16



ﬁm TPC at Circular Colliders ﬂ
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Ion back flow is crucial since gating is not possible at circular colliders

iz Charge rate is driven by
Z. — hadrons events at low energy

N:cé: § HZ(EM.ZGeV)‘4.6><10”Ecm”s‘ ° Zi“‘ ) §
e 19.2 visible charged tracks T .
z ]
m 16.8 kHz at L = 3 - 10%s ' cm ™ I j
m ~~ — hadrons and machine background ; f
. .. . | e |
are possibly negligible (in contrast to ILC) — : I —
s [GeV]
o 50 S —
: , _ E 4ef FCCee/TLEP -
i Design B=3.5 T to meet spatial resolution o ol TPC Simulation
' a0f E
— o
b R =40 cm, Ry = 190 cm, Zpax = 225 cm = 35¢ E
E 30f FCCee.Ic.Jn Back Flow —;
15" Simulate Z — hadrons with PHYTHIA 2 o5f

Q :‘-.

. S 20F;

m factorized approach for r > 0.4m: S o

L /" S .f°

IO(T, Z) — p (I),O (Z) O 10E . :rimarycharge

ensny atILC E
w charge ionization is 40 ions/cm D

_ _ 02 06 08 1 12 14 16 18
1= Determine charged density due to secondary Radial position r, m

backflowing ions
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10.7tm0 Ion Back Flow Distortions ﬂ
E 10 _I TT | TTT | TTT | TTT | TTT | TTT | TTT | TTT | T |_|| T I_I:I-I TT | TT ||_ E 10 I_ T T | T T T | T T T | T T T T T T T T T T T T T T T T _I
~ [ FCCee/TLEP "o ~t8M I ~ [ FCCee/TLEP ]
& 5[ TPC Simulation - & S TPC Simulation ]
U =1.0 . < ]
c oL — e o o =
-g - r=0.8m | A S I .
S I § S -5 =
g 5 . 3 :
B r=0.6m | S_10L =
I i :
B i E-15F -
i i s F .
-15[- . - ]
; : =-20F -
-20[- lon Back Flow (IBF=1) - 5[ z =2.25m =
~ p(r) from visible Z decays r=r =0.4m ] -/t =0.3m " .
_25 _I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | II?I | 111 | 11 |I_ _30 I_ [ | I 1 1 | 11 | | | I 1 1 | 11 | I 1 1 | 11 _I

0 02040608 1 1.2141618 2 2224 04 06 08 1 12 14 16 18
Drift Length, m Radial position r, m

Secondary ions yield distortions of about 20 ym for IBFxGain=1 for the case

of continious charge density along z axis and corresponds to L = 3 - 10%s 2cm™! at
3.5 T magnetic field
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na, Possible Suppression of IBF v,
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Huirong Qi
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o
TTT[TITT[TTTT
- ~;:.>
i

HV3 :. . o "l:‘ J/, \b‘\‘
Transfer Region 1.4 //,," ‘\}\
w—=—9 @ @ /) ‘
I Avalanche Region 0.128mm /// \\\
pad plane 1ol E;=200V/cm, Et=200V/cm , VMesh =400V
n e T2K gas
20""l""I""I""I""I"" ’510_ H
:\3 | —— S B = Ar/iC4H10(95/5)
\b/ AUGEM1§ UGEM(S/UGEM4=0'8 UGEM3/UGEM4=O'95 9 -
o —e—y 2235V —— U, =235V ] L 8~
who% T Vg 7255V = U, 7255 V] It
: UGEM2=285V _D_UGEM2=285V ] ;'_IS 61— I : IBF*Gai 5
: : o | | *Gain:
' S-LP-LP-S | s // i
. B 15000 1 5000
: ] B ' :
| | 550230 a0 250260 70 280 290 500
i Vaem [V]
8L i
] Combined MM+GEM module at IHEP
Currently IBF~ 1073 is feasible, needs

0.0 0.5 1.0 1.5 2.0 2.5 3.0

IBF (%) more R&D to go beyond
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hen Conclusions N &
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1= A |ot of experience has been gathered in building and

operating MPGD TPC panels within the LCTPC collaboration

15 The characteristics of the MPGD studied in detail,
results indicate that it meets ILC requirements

b The R&D work is in a phase of engineering toward
the final design of a TPC for the ILD detector

1= lon back flow is the most critical issue for the TPC at circular colliders

> rate is driven by Z — hadrons at low energy

s oating is not possible due to continuous bunch structure
1= Possible distortions due to space charge effects are large enough

- extremely demanding on luminosity and magnetic field
% jon suppression of about 1074 is required

> dedicated calibration scheme with laser is possibly needed

S. GaﬂjOlll“ R&D with Prototypes of TPC 20
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n LCTPC Collaboration o

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

Collaboration
University
I@nn Carleton NlKHEF of SIEQE"‘
'l irTv” University
E_/ v [ Inter- Lund LiE=y
P— University University BINP
ersion > ULB-VUB Novosibirsk
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. i e
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™ J ;
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P | Technology, \ Hiroshima
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I y | | Nagasaki
/ l ‘ | V| InstAS
[ / / “ ! | | \ \ W
N b § ( 1, \ /| g \."‘ \ \\ Y
/ | l' ! 1 I.‘ \ N | ‘. \ \'\‘ AN \ \ \
/ 4 / l ‘ A { N
= ‘i - E V . \ ‘ “
y LI
Observer‘ lno‘iana I lowa [State If - T Comelf Um' r{e d( LAL Ofsay/ ‘ WTH | C ‘ Mmadan \ University \
Status: ;' Univergily = Universly , (= = " Univershy A Monjréal © 1\ IPN Orsay | aachen | M cch ' krakon | o SUAIT I (Tokyo |
T BNL “Louisiana | Pdee "  vale | ‘?tony | 7L;HV6'J'S!U/ I Unfveﬁsity of ‘_, Rostock I NIP NE ‘I. PNPI I‘ JAX
‘ Beikeley I Tech \‘ UH!V@J’bJ’Ty | Ul]!Velbny \ B!ook I of Freiburg Karlsruhe UanE‘!Slty Buchafe:,t ) St Peteisbmg | Kanagawa

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

S. Ganjaur R&D with Prototypes of TPC 22



Py

10 #na, Micro Pattern Gas Detectors (MPGDs)

Nt S

ﬂ
L/

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

w no ExB effect, better ageing, low ionback drift

m easy to manufacture, MPGD more robust mechanically than wires

= Resistive Micromegas (IMM)
- MICROMEsh GAseous Structure

w metalic micromesh (pitch ~50 pm)

w supported by 50 um pillars

w multiplication between anode

and mesh (high gain)

y

3

~100 pm
40 kV/cm

iz GEM

w Gas Electron Multiplier

m doublesided copper clad Kapton

w multiplication takes place in holes,

e 2-3 |ayers are needed to obtain

high gain

50-100 pm

40 kV/cm

t
!

3to4kV/cm

Discharge probability can be mastered (use of resistive coatings, several step amplification, segmentation)
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@{@%0 Large Prototype at DESY ﬂ

The test beam facility at DESY provides a 6 GeV electron beam

Consists of a field cage equipped with an
endplate with 7 windows to receive up to 7 fully
equipped identical modules

1= T'wo options for endplate
readout with pads:

m GEM: 1.2x5.8 mm? pads
mw MM: 3x7 mm? pads

iz Alternative:
pixel readout with
pixel size ~55x55 pm?
(newest)

A module
with its readout
electronics

7-module
[ demonstrator

LP readout modules operate in

, Different layouts are considered for ILD:
a 1 T magnetic field

4-wheel and 8-wheel scheme

S. Ganjour R&D with Prototypes of TPC 24



i Micromegas on a pixelchip
> resistive protection layer (4-8 pm)
on top of chip
w insulating pillars between grid & pixelchip
= one hole above each pixel

w» amplification directly above the pixelchip

" very high single point resolution Timepix: 256 x 256 pixels of

Low threshold level ~500 e~ (90 e~ ENC) size 55 X 55pm?

S. Ganjour R&D with Prototypes of TPC 25



Transverse

r¢ Resolution

350 ._l T T ] T T l LI T [ T T T T T T T 1 [ UL ]
300 - Micromegas E

— : .
= 250 GEM =
=. C ]
— = .
S C .
= 150 — -
§ & B=3.5T -
& 1001 s R s
50 E

0 - I 1 [ j | [ | | | | ] [l I -]

Extrapolate to B=3.5T

S IS PSSP AFEEE APECE SPECETE EPECES SUETETS SUETETa BT i
0 20 40 60 80 100 120 140 160 180 200 220

Drift

Distance (¢cm)

Micromegas 3x7mm? pads and GEM 1.2x5.8mm? pads
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