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General PhysicsS goaliambbC

The 125 GeV Higgs and possibly other Higgses,
can be produced at ILC by Higgs-stahlungs.

Unbiased selection by Z recoils

to measure mass and all possible decay
modes.

Jet reconstruction also benefits from
continuous tracking in a TPC.
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International Large Detector

Figure 2: A schematic view of the International Large Detector concept (the
TPC is the yellow cylinder inside the blue electromagnetic calorimeter). Yoke!/ Muon HCAL

ILD Cross section

Length of the TPC ~ 4.6 m Physics goal sets the limit of
Diameter of the TPC ~ 3.6 m r-phi resolution
Magnetic field ~ 3.5 T to be better than 150 micron
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LC-TPC schematic
(Large prototype demonstrator)

The four wheel "_C TPC :

model of the
TPC endplate.

MPGD modules
can be installed
at the endplate.

The candidates are

. A module
GEM ' : with its readout

Micromegas 7-module electranics

Timepix demonstrator
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Large prototype TPC for ILC

o

T -

The 60 cm long DESY field cage

The 1T magnet.
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GEM module 1 =S -y, W Micromegas module

T = LLLELELEEE LAY
/

Module size: 22cm %X 17 cm

Module size: 22 cm % 17 cm
24 rows ¥ 72 columns
Readout: 1726 Pads

Pad size: ~3mm X 7 mm

28 rows X 72 columns
Readout: 5000 Pads

Pad size: ~1.26 mm X 5.85 mm
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Etransfer,[ = 2500 V/C'Hl

Et-ra.nsfer.ll = 2500 V/CIII

Einduct.iml = 3000 \;/C—Hl]:

pad row 1 pad row 2

Size: ~22x17 cm2
Triple GEM stack — Stable operation at high gain

The GEMs are divided into 4 sectors by the alumina bars — HV
stability -> Field uniformity.

Thin ceramic mounting structure — Good GEM flatness upto 100
micron + low material budget + minimal dead area
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~100pm Amplification gap: | T T
In Stan(.lar(! Ml.cromegas resistive foil: ~75pum
resolution is given by, S

insulator: ~100um

Resol = w//12 +

Charge is dispersed in
Resistive Micromegas

o =V (2t/RC)

R is the the surface resistivity of the resistive layer, C is the capacitance per unit
area and t is the shaping time of the electronics.

Charge dispersion =2mm

* Before we have been using Carbon Loaded Kapton which is now unavailable.
* A newresistive material, Diamond Like Carbon is available from Japan.
* We used both in the recent beam during test March 2015.
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¥ck on GEM modules_ Trackwgwfles

o "

5-GeV electron beam 5-GeV electron beam
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Comparison of charge spreading in two Micromegas modules
—

Number of Pads per Hit

Black Diamond

——— Carbon Loaded Kapton

I||l|'||I||ll[l||||l|Illllllllllll||Il|l||||l

|||||||||||||||T‘T’T’ﬁ—l|—i_ﬂ-n—n—|—n—r
2 3 4 5 6 7 8 9
Number of Pads

FITTT

CLK => 3.3, BD =>4.33
Charge spreading of BD modules is slightly more
than in CLK
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Drift velocity calculation (with GEM)

% The beam position on the TPC
is plotted against reconstructed time.

“ Slope gives the drift velocity.

-]
)

+» Intersection of two such curves
for two different fields
gives the time of zero-drift (To).

beam position [mm)]
N
S
S

* The drift time (or length) is
calibrated from To.

- B=0T.E =240 V/cm
| —— B=1T,E =240 V/cm
L B=IT.E =130 V/cm

Preliminary |

data type Vgrie [ um ns"] Udriftsimulated [ UM ns”' |

E=240Vem™;B=0T 76.00 +0.06 75.95
E=240Vem™ ;B=1T 75.82+0.05 75.95
E=130Vem™;B=1T 54.09+0.03 53.06
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% Therecould be misalignment between themmodules during installation
=

Rotational and/or translational alignment correction is done during analysis

Alignment of Micromegas modules at B=o T
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— [ Modules #0,#3, #6. Bas o T2,=33
?: 0.2 ' “ 1 0 ~2z =53
£ L = - z =103
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L | - E=230Viem, =200ns | z =208 L - E=230 /lcm, 'c-ZOOns zd=508
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Before alignment of the modules After alignment of the modules
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% grounded or low potential surfacesinear the edges of the module
create localized electric field distortien —

v' Effect of distortion due to non-uniform field is also reduced during analysis

Distortion in Micromegas, at B=1T
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The ExB effect can be seen near the edges
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r-phi resolution of Micromegas

B=1T, peakingtime =200 NS, TGN O

all rows o, LCTPC (MM 1B2015) @ Imm]
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r_phi resolution is below 150 micron for B=1T BD and CLK modules are closely comparable

Fit formula: o = lo.2+ C;-z G, : the resolutionat Z=0
ormuia: - 0 N, N : the effective number of electrons
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r-phiresolutiond{GENV)=

r-phi resolution vs drift distance r-phi resolution vs phi angle
'g' 0-4 L DL DL DL B ': 'E' 03 LA DL L DL L L DL L L L :
,E, Preliminary momo T é 0.25 Preliminar -
e 0.3 I ol IE * :
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& wowon 0.1 -
Off o =" - :
" - ) 0.05 ——z=10cm,B=0T -
[ i —¥—2z=10cm,B=1T ]
01|||| 0...1....|....|...1|..'
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application of magnetic field improves the result

For 60 cm drift, r_phi resolution is below 150 micron for B =
1 T, which satisfies ILD criteria
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Z resolution

Z resolution vs drift distance

Prelimi all rows
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The Z resolution in 1 T magnetic field satisfies ILD requirement
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Heating of electronics

% Electronics can be damaged if it runs for hours without cooling
% Temperature gradient in TPC would occur if heat is not remoded
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Temperature gradient in ILC-TPC Drift Distance Vs Temperature
Simulation with COMSOL Simulation with Magboltz
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Two-phase CO2 cooling

pad-plane
(front)
pad-plane

connector

frame

) cooling pipe
HV supply

General lay out of the MM module The radiators and the cooling pipe
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Two-phase CO2 cooling during 2015 beam test

/
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Stable temperature during cooling Temperature rises when cooling is stopped
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Different studies have been carried out with Micromegas and GEM modules
at Large Prototype TPC since 2008.

In 1 Tesla magnetic field, for 60 cm drift length, the space resolutions of both
Micromegas and GEM are below 150 micron. This satisfies ILC requirement.

Two new Micromegas modules (from Japan) with resistive layer of ‘Diamond

Like Carbon’ (DLC) have been tested in March 2015. Result is satisfactory.
Problems due to unavailability of ‘CLK’ resistive layer is solved.

Two-phase CO2 cooling is used uninterruptedly for more than 8o hrs.
Temperature of individual Front End Cards (FECs) is stable within 0.2 degree C
during the beam test.
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Two-phase CO2 cooling
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Temperature (C)

]'IIIT]TI'I?III]IITITIIIF“‘I'{! [T[Tl !I'[I'I I'I]

TITT

20L.I.Lll.l.ll.lJ.J.JJJJ._LJ.J_JI.J.J..I.LLI.I..I.JIJJ_J].JI.J_.I.l

5000 5080 5100 5150 5200 5250 5300 5350
Time (m)

Experimental result with one module
Shows the heating and cooling

Heating and Cooling at different boiling points of CO2

Temperaturein C

E Cooling at Constant Mass Flow = 2 gm/sec
70— ///
— & . Heating
60— ,'. . Cooling at 10 C
: e .
B . Cooling at 15 C
50 —
a0 .
30
B | | | | | | | | | ‘ | | | | ‘ | | | | ‘ | | | | | | | | |
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Time in Minute

Simulated result for one module
Shows heating and cooling
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Charge’per Cluster for CLK and

#D modules at 200 ns peaking Normalised main pulé’éT&r BD and CLK

time of the electronics

Charge Per Hit for BD and CLK Modules for 200 ns
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c
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Charge per cluster in BD is slightly
more than CLK.

This is because, BD has slightly
larger capacitance than CLK.

-g) 11— == NormPulseHighestProfile
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The pulse shape of both
detectors are nearly
same.

DLC modules are

good substitute for CLK
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Measurement of drift velocity with Micromegas

LPTPC Test Beam 2015, Peaking time = 100 ns, B = 0T, 4.5 sigma sup

230 vicm
140 v/icm

The slope gives
drift velocity.

The intersection pOint | driﬂ_vel=?3,:95 (+- 0.14) micron/ns |
gives the time Of drift_vel = 56.16 (+- 0.10) micron/ns

zero drift (TO) . , T0 = 526.68 ns
L L L |

6
Calibration of drift length Mean Hit Time ( },LS)

(or time) is done from To.

E=140 V/cm E=230 V/cm
V4 Data 56.7 &£ 0.1pm/ns | 74.1 4 0.2 pm/ns
V4 Magboltz | 57.9 &= 1.0pm/ns 75.5 £ 1.0pm/ns

D) Magboltz | 74.5 = 2.5um/+/cm | 94.8 £ 3.1pm/4/cm
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AlignmentfomeEN)

Alignment may occur during installation of the modules.

The effect is reduced by alignment correction during analysis.

F— ’ ’ ’ ’ ) ’
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Micromegas

Poetential distribution

surface: Electric potential (v}
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Drift-of-the electrons

Cathode ?J(drift) Cathode

3333333 .2333s3 n28 392338 . 33333 ;)

A
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Two-phase CO2 cooling

Time=0 min Surface: Temperature (degC)

Time=0 min Surface: Temperature (degC)
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