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_ILC/ILD

International Linear Collider (ILC)
is a linear e"e colliders with
Vs =500 GeV - 1TeV

International

- | Large Detector

=i - Standard HEP
detector

- TPC as main

tracker
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Requirements of TPC from vol. 4.

Parameter

I Fowst: z
329 mm 1808 mm £ 2350 mm

up to cosf ~ 0.98 (10 pad rows)

~ (.05 Xp including outer fieldcage in r

< 0.25 Xg for readout endcaps in z

Number of pads/timebuckets ~ 1-2 x 10°/1000 per endcap

1x 6 mm? for 220 padrows

60 pum for zero drift, < 100 um overalll

0.4 — 1.4 mm (for zero — full drift)

Geometrical parameters

Solid angle coverage
TPC material budget
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Pad pitch/ no.padrows
Opoint IN T}

Opoint IN T2

11|12

2-hit resolution in r¢ ~ 2 mm
2-hit resolution in rz ~ 6 mm
dE/dx resolution ~5%

Momentum resolution at B=3.5 T  §(1/p:) ~ 10~*/GeV/c (TPC only)

Requirements are driven by benchmark
processes, in the case of ILD-TPC the
most stringent one is the Higgs-recoil
measurement.

For the particle flow concept also a very
high efficiency of more than 99 % is

required.
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LCTPC Collaboration

LCTPC collaboration studies the MPGD
detectors for the ILD-TPC:

25 Institutes from 12 countries

+ 22 institutes have an observer status
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MPGDs in TPC

* lon backflow can be reduced
significantly

« Small pitch of gas amplification regions

. L => strong reduction of ExB-effects
Various gas amplification stages are , g oreference in direction

studied: GEMs, Micromegas, GEMs  _ )| 2 dim. readout geometries
with double thickness and GridPixes. possible
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. EUDET-AIDA Test Facility

Large Prototype has been built to compare different
detector readouts under identical conditions and to
address integration issues.

Setup consists of:

PCMAG: B< 1.2 T (prov. KEK)
e test beam: E = 1- 6 GeV

2p CO, cooling (partly by KEK)

Movable support structure
LP Field Cage Parameter:
length = 61 cm
iInner diameter = 72 cm
drift field: E = 350 V/cm
made of composite materials:
Modular End Plate
7 module windows,
size =22 x 17 cm?®

Ongoing upgrade: external

tracking device inside PCMAG
@j
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Asian module
2 LCP GEMSs
100um thick

Resistive Kapto
~5 MQ; :

Standard

Resistive ink
~2MQ/[] SACLAY
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Alms of Test Beam
Measurements

Currently: Verify the performance of the different technologies and study
common challenges:

« Compare the performance of GEM, Micromegas and GridPix modules
e Study impact of E-field distortions at the border of the modules

* Develop common parts of modules (Gating, field shaper, pad plane,...)
« Study performance (double track separation, dE/dXx,....)

Future: Once the technology choice has been done, construction of the
TPC and modules will start.

 Test Final electronics with power pulsing and ILC-type beam

 Test all parts in the test beam before transporting them to ILC site

Infrastructure: We would also need an online monitoring system for beam
currents/online trigger counts, which stores the currents or rates in a data
base, which can be retrieve later by users. (For us this is important to
evaluate the ion backflow into the chamber.)
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Rate

A higher rate would definitely be necessary:
In particular the ILC beam structure should be simulated to study:
* Power pulsing of electronics , 200 ms
e Gating performance of gating | 727 us

device 554 ns

e Study how particles generated
during different bunches // i //
(554 ns spacing) can be
Separated => need rates of 1/50ns 1312 bunches

So about 20 MHz - for short time

Also a different mode with higher rate would be important to study double

track resolution. Currently it is done by placing a stainless steel block of 0.5
X, In front of PCMAG, but

- Rate is rather low (2-5 % of all events after selection)
- Good overlap is rarely reached (region is outside of LP, i.e. in the PCMAG
wall,...)

- Now particles have a significantly lower energy (now: <2.5 GeV)

N 7
universitatbonn



. Double Track

TOSView
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Energy Ioss dEIdx

d ALICE pen‘orma e
pp, s=13TeV |

B=02T

With the ILD-TPC we want to reach
an energy (dE/dx) resolution of 5%

n
R e et e
|

\

T

Energy deposit per unit length (kewcm)

stopping power in kev/cm?

107 1 | Illlllw - —

Momentum (GeV/c) _ ] 3.5:_ //,/_

With the LP we have demonstrated an N P
energy resolution (dE/dx) of 10-15%. But } i ;
only electrons could be tested (on Fermi- 2.5‘_\—/_‘
plateau). It would Han e S N R
Be important to test also different particles at e

the minimum of ionization or even at B raise. prrtcic cnerey (040
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lon Feedback

T 10E RENMRERS: R ST

=10 &  Hr=0.800m ‘

c oF —{r=0.700 m i i -

S of —~———— -« Primary ions and gas amplific

§ o %Erzgg%m generate a large space charge in the drift
i \Eromﬂ] volume - track distortions
Y S ~__1 " TPC needs a gating device to neutralize
i st -mom [NTH0ET jons between bunch trains.

0 200 400 600 é(')o'1'0'0'0'1'2'06‘1'4|ob'1'r§|0'(f) 1|'s'ob'2£<)rb'é2<])o
rift lanath Imm o I
Gating GEM |Gate open  |cateclose|
 (Alternatively: wire gate) )
e Simulation show:

Maximum electron transparency

IS close to optical transparency ————————
e Fujikura Gate-GEM Type 3 \/\)k/ /ﬁ/ N
Hexagonal holes: 335 um pitch, 27/31 pum rim ) O( hE M “]k

: & .\
M i N o P
transparency: 82% \\{(
' = &

Insulator thickness 12.5 um f\/optica,

This needs to be tested under realistic conditions — time structure of beam,
higher rates and magnetic field (B =3.5-4T)

G,
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. Higher Magnetic Field

It would be desirable to test the TPC in
a B = 3.5-4 T magnetic field.

Drift behavior of electrons and ions
have to be tested in the correct
environment. Besides, the functionality
of the gating GEM and the electronics.

If that is possible with a test beam.

@c
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Status of Time Line

=
ILC promotion JFY201 6

Schedule V-2017.June Apr. Aug. Dec. Mar.

JFY2019 JFY2020

Budget Request _/

. Budget Request  Fiscal . Budget Request  Fiscal .

Strategy Strategy \ Strategy
nternational
LCLS-Il construdtion: useﬁﬂhnolog\; .

Agreement
US-Japan 2Znd year US-Japan 4th year

< ost reduction
US-Japan “6 (1st year R&D) (conclusion)
B With US: need stlrt serious discussion on management and possibility of cost sharing

May: MEXT/DOE
Discussion Group : Federation: US-Europe-Japan cooperation
Enjf o -» Support Parliament/Government/Inter-government discussion
p

O Budget Reques

2013~2016
Government e ation

US-Japan 3rd year
n fl“:'ilh“IEWOI‘k

Europe IE i I Fedegation ”l With Europe (EU countries & CERN): need start concrete discussion on
inistrati Eurdpe Visit sharirk of cost, technology, human resources

n
i Germ ,
Asia Hon. Rig#nhube . 1 L . I I (by second half of 2018) Development
- MEXT ILC Admsory Panel Risk studF ;cdmmlss’&med sory

~ Input .ail? 2019 spring]
oL » target Spring
Japan Organization, .. Panel I ' p h a.S e u p to
& dE\f|OPmEr‘It Sovernance Conclusion mer 20182019, Jan-Dec
[studies on |nternat|0n)Frgan|zat|on {l:omml ioned) - y
Europen strateey (2013) || EUrOpe . European Strategy => Next 5-year plan 1 2 earS
Interim Report | ICFA: “staging” endorsement | discussion Discussion = Proposal EC S&T minister, gov'ts after t
0 L]

PS report (2014) United States L [ LHC results I '
: | 2019

Aug Fab i Aug| Nov Feb Aug Feh Aug Feb Aug Feb

Component

FALC O Cost reduction é. O O : O O O O O teStS until 1—2
i & M
ICFA Y o ® O © || (CFA critical decision © © © ye aI’S befO I’e
International Conferences @wszoﬂ O I Ke{j}m e e Amltlii) O Q Start Of d ata
‘ — ” p - Ledo17 ICHE P201|8 LCWS2018 LP2019 LCWS2019 ICHEP2020 tak| n g
on. Rawamura E"fl"lOtE peec
Staging Design I

International Design Phase-0

(Cost Reduction)

Technical Design Report (2013)
(includes staging scenarios)

Scientists HEP community: consensus
Future plans, ILC stagin .
" p— — - Presentation by Lynn Evans
I"dUStw'Academ'a Technology, cost reduction, local cost, mestic | [ at AWLCZO 1 7

Local area distributed centers, private funds, logistics

&
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commissioning
TPC installation into ILD

ﬁ_im@ﬂmﬁ_o: and tests

-

!

v_uﬂoaco:o: of electronics,
modules, field cage etc.

Design of readout electronics
and ILD TPC — TDR

ILC/ILD proposal /
prioritizing the MPGD technology

test beams with new modules
with gating device

0

y-3|y-2]y-1| y1] y2| y3| y4| y5| y6| y7| y8

JStatus of Time Line
t
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.Summary

DESY test beam is essential for LCTPC because
» Setup (including 2pCO, cooling and PCMAG) is too large to move it in and

out of beam areas and test beam sites
 For the near future we need an external tracking device inside the
PCMAG to track particles with high precision (work has started)

On the somewhat longer time scale we definitely need
« Beam structure simulating the ILC beam structure to study performance of
the electronics, power pulsing, the ion backflow suppression by the
gatingGEM,
— Individual features (554 ns bunch spacing, 5 Hz bunch trains, high
luminosity bunches,....) could also be simulated in separate settings
« Higher rates to see and measure double tracks with sufficient rate
 DE/dx measurements with different particles
 Measurements in high magnetic fields
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