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The International Linear Collider

general physics goals

e= e+ will collide initially in the range Vs = 240 - 500 GeV
ecision measurement and discovery machine.

Different production processes and decay modes of Higgs boson
will be studied at different energy ranges.
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A major Higgs production process at Vs = 250 GeV
is Higgs-strahlung : e- e+ — Z H, followed by Z — pu* w

The advantages of Higgs-strahlung are:

> Identification of Z boson with a well defined energy
corresponding to the kinematics of recoil
against 125 GeV Higgs helps to identify a Higgs event
even without studying the Higgs decay.

» Total decay width of the Higgs boson can be determined
and the Higgs couplings can be studied with precision.

Cross sections of three major Higgs
production processes as a function of
centre of mass energy~.

» Invisible decay modes can be studied.
» From the decay of Z boson, Higgs mass can be measured
precisely.

*LCC Physics Working Group, arXiv:1506.05992v2 [hep-ex]
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Figure 2: A schematic view of the International Large Detector concept (the

Diameter Of the TPC ~ 3 -6 m TPC is the yellow cylinder inside the blue electromagnetic calorimeter).

A TPC as main tracker has the benefits of:

v' Continuous, truly 3-D tracking.

v' Robust pattern recognition.

v' High efficiency tracking over
large momentum range.

v Low material budget.

Vliagnetic field ~ 3.5 T

Resolution requirement
Physics goal sets the limit of
r-phi resolution to be better than
100 pm over full drift length

l T%%\

Yoke/Muon  HCAL for 3.5 T magnetic field.
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ILC TPC

7-module
demonstrator

ILD-TPC schematic
(Principle of a TPC and Micromegas)

A module EE

electronics
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The field cage
* Drift length = 56.80 cm
 Inner diameter =72 cm
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Micromegas module

e Module size: 22 ecm X 17 cm

- Readout: 1726 Pads

- 24 rows
LE7

e Pad size: ~3 mm X 7 mm

~100um Amplification gap:

- insulator: ~100um —_
— pads

AR :
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Number of Pads per Hit

ISt ETHEVIICIOIne gas
regulutiyn iy given Dy,

Carbon Loaded Kapton
Resol = w/V/12

Black Diamond

ARR-1TPC,
IRESISTVENVIicromegas
grepsedywhere
CHATPENSIiSpersed on the
resistavertontis glued
on'toploistiie pads.

o ofthe Charge Number of Pads
distribution CLK =>3.13, BD =>4.33
— \/ (2 t / RC ) More charge spreading in BD than in CLK

RE==the surface resistivity of the layer.
€ ->capacitance per unit area and ¢ is the shaping time of the electronics.
* Commonly used Carbon Loaded Kapton (CLK) is unavailable now.

* A new resistive material, Diamond Like Carbon (DLC) is available from Japan.
* We used both in the recent beam test during March 2015.
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At different drift tull available drift
distances length of 60 cm

At different
phi (degree)

At different 10 to 30 in steps of 5
theta (degree)

0,24

At different X 40" mm to ‘30" mm

positions

At different peaking 100 ns to 1000 ns
time of the
electronics.

At two different 140 V/cm, 230
fields V/cm

At different noise 3 sigma and 4.5
thresholds sigma

At two different OTand1T
magnetic fields

At different 1 GeV to 5 GeV
momenta

Cosmic rays B=1TandB=0T

Row number

- 5-GeV electron beam
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Table-Z (mm)

LPTPC Test Boam 2015, Peaking time = 100 ns, B = OT, 4.5 sigma sup % The beam position on the TPC
| | | is plotted against reconstructed
time.
% Slope gives the drift velocity.

230 vicm
1140 vicm

*»* Intersection of two such curves
for two different fields

mm—— gives the time of

starting-drift (T).

4 6 8 % The drift time (or length) is

drift_vel = 73.95 (+- 0.14) micron/ns

Mean Hit Time (ps) calibrated from T,,.

Measured drift velocity is in very good agreement with simulation®.

| E-140Vjem | E=230V/em

V4 Data 56.7 £ 0.1pm/ns | 74.14+0.2 pm/ns

V4 Magboltz | 57.9 £ 1.0um/ns | 75.5% 1.0um/ns
D, Magboltz | 74.5 £ 2.5um/y/cm | 94.8 + 3.1um/+/cm
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ssThere could be misalignment between the modules during installation

% The grounded peripheral frame of the module creates
localized electric field distortion

va Alignment correction and Distortion correction are done during analysis

Preliminary Preliminary
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Before and after Alignment correction Before and after Distortion correction

Analysis is done in MarlinTPC frame work.
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Simulation tool combines
Garfield + neBEM + Heed + Magboltz
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Module size:

17 cm x 22 cm.
reference frame is
in r-phi system.

Module size:

3.4 cm % 3.4 cm.
reference frame is
Cartesian.

Distortion in XY plane, B=1T, Z= 0.5cm
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distortion in X [mm]

1300 1400 1500 1600 1700

: 40 . 0

L T i) row radius [mm)] (with an arbitrary reference)
Distribution of the residuals as obtained Distribution of the residuals as
in Experiment without alignment correction. obtained in Simulation
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Micromegas r-phi resolution, B=1, high Field, 100ns Ll o Lot A E AL L

%2 / naf 44.84/9
S, 0.2006 + 0.001003
N 26.96 + 0.1823

¥2 / ndf 12.15/9
0y 0.07399 £ 0.0004307
Ny 27.27 +0.1817

Preliminary Preliminary

0o 100 200 300 400 500 600 100 200 300 400 500 600
drift distance [mm drift distance [mm

at 60 cm drift, r-phi resolution is below 150 ym for B=1T at 60 cm drift, Z resolution is below 0.4 mm for B=1T

Eitformula o = |2+ Cj “Z G, :theresolutionat Z=0
uia. a0 N : the effective number of electrons

In 1 Tesla magnetic field, for ~ 60 cm drift length, the space and time resolutions of Micromegas
corresponds to ILC requirements over full drift length, for 3.5 T magnetic field




—p— Expt., Single Drift Mesh I

—&— Expt, Double Drift Mesh
—@— Simulation

lon Backflow Fraction

7 Gap=128pum | '
Pitch = 63 um :
Amplification Field = 32 kV/em

Experimental setup for IBF measurement Experimental and Simulation results
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paEchN(iViicromegas) electronic takes nearly 30 W of power.
SAMUNISETIcIeases the temperature of the detector up to 70 deg C

» Electronics can be damaged if it runs for hours without cooling
* Temperature gradient in TPC would occur if heat is not removed
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Temperature gradient in ILD-TPC Drift velocity Vs Temperature

Simulation with COMSOL Simulation with Magboltz
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Two-phase CO2 cooling during 2015 beam test

PDuringicooling, temperature is below 28 deg C and
stable within 0.2 deg C.
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Micromegas electronics and cooling setup Stable temperature during cooling
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Charge per Cluster for CLK and

Biimodules at 200 ns peaking Normalised main pulse for BD and CLK
time of'the electronics

Charge Per Hit for BD and CLK Modules for 200 ns

NormPulseHighesiProfile
— Black Diamond Entries 2581378
Mean 12.82
Mean y 0.1639
—— Carbon Loaded Kapton RMS 7.714
BMS y 0.3341

—— Black Diamond

—— Carbon Loaded Kapton

Normalized Pulse Height

| | | | | |
500 1000 1500 2000 2500 3000 3500 4000 4500 0 5 10
Charge per Hit [ADC counts] Time Bin
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The pulse shape of both
Charge per cluster in BD is slightly detectors are nearly

more than CLK. same.
This is because, BD has slightly DLC modules are

larger capacitance than CLK. good substitute for CLK
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2Axisfem] . E, E, and E, components are plotted.
Large values of E, and E, at the module edge
explains electric field distiortion.
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I'wo-phase CO2 cooling

Experimental and simulation result for one MM module shows heating and cooling

Heating and Cooling at different boiling points of CO2

Cooling at Constant Mass Flow = 2 gm/sec

. Heating

. Coaling at 10 C

Temperature in C

. Cooling at 15 C

Temperature (C)
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Experimental result with one module Simulated result for one module
Shows the heating and cooling Shows heating and cooling
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TI'wo-phase CO2 cooling

Time=0 min Surface: Temperatura (degC)
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