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Outline

A Dileptonmeasurements
A CBM experiment at FAIR
A Schematic oflimuonmeasurements in different expt.
A Muon Chamber (MUCH) system of CBM
-- Simulation results
-- Detailed R&D
A Summary
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The Compressed Baryonic Matter Experiment
(CBM)@FAIR

* Fixed target heavy ion expt. Exploring the QCD Phase Diagram
= Energy range 2-45 GeV/u S
= Expected to begin 2021

CBM physics program:

= Equation-of-state at high pg

= Deconfinement phase
transition

= QCD critical endpoint

= Chiral symmetry restoration

Temperature T [MeV]

Diagnostic probes of the
high-density phase:

» open charm, charmonia

* low-mass vector mesons

« multistrange hyperons

= flow, fluctuations, correlations

Feb 2016
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TheDileptons

A Dilepton pairs emitted in energetic heavy-ion collisions provide valuable
information on the evolution and on the properties of the hot and dense
fireball.

A Comparison of charmonium yields measured in proton-nucleus and nucleus-
nucleus collisions has led to the observation of an anomalous dissociation of
charmonium in central collisions of heavy nuclei which was explained by color
screening in the quark-gluon phase.

A Till today, this observation still has remained one of the most convincing
experimental facts hinting towards the existence of partonic degrees of
freedom in the fireball at top SPS energies.

A The dilepton measurements at the CERN-SPS have been performed mainly
at 158 A GeV, except for one spectrum taken in Pb+ Au at 40 A GeV by the
CERES collaboration where even an increased excess yield has been
observed

Heavy Flavour meet, SINP, Kolkata083
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Anomalous suppression
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suppressed
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A A systematic beam energy scan in order to search for the onset of in-medium
mass maodifications of vector mesons or for partonic contributions to the dilepton
yield has not been performed yet.

A With the dilepton measurements in heavy-ion collisions at FAIR energies
the CBM collaboration will open a new era of dilepton experiments in the
energy range between 2 and 40 A GeV where the highest net- baryon
densities can be created in the laboratory,

A no dileptons have been measured in heavy ion collisions at these
energies.

T> T

The CBM collaboration will systematically measure both dielectrons and
dimuons in p+p, p+A and A+A collisions as function of beam energy and size of
the collision system.

A The dielectron and dimuon high-precision data will complement each
other, and will provide a complete picture on dilepton radiation off dense
baryonic matter. Also gamma conversion contamination is largely
suppressed in case of dimuons.

J
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The CBM experiment

MVD+ RICH

o, PSD

Muon-detectofr
(parking position) —

e ———

SIS 100 setup

avour meet,
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Muon Chamber (MUCH) system
CBW Experlment @ FA Rso (C) + 20 Fe + 20 Fe + 30 Fe + 35 Fe + 100 Fe (cm)

30 cm gap between 2 absorbers

PSD e

Aim: to detect dimuon signals from
low mass vector mesons and (37§/5<')

Novel subsystem of segmented absorbers 515100 : -2 GeVu A 4 chambers + 4
-- design goal being to simultaneously identifypsorbers

low and high momenturmuonsover full phas&|s300 upto 45 GeVu A 5 det.stations+
space 6 absorbers

2/29/2016
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What is the typical configuration fodimuon
detection In particle physics ?
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The NA60 experiment

Muon trigger and tracking

2.5 T dipole magnet NA10/38/50 spectrometer

beam vertex
tracker tracker

hadron absorber

Matching in coordinate
and momentum space

Heavy Flavour meet, SINP, Kolkata083
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Pml X Measuring momentum

N

* Measuring momentum > magnetic field
— Charged particle tracks bend : Ap o P
Ao & 6 => particle momentum

Semtleptonic decays of HF hadrons:
Muons: 1.2 <y| < 2.2 PHENIX

4 m smadronabsorbers b‘ l : I
-Tracked with wire chambers

-Further muon ID with layers of DQ: [
steel and streamer tubes

Heavy |avourmeet SINP, Kolkata63
Feb 2016
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ALICE Detector  \;0n Arm)
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The ALICE forwarduonspectrometer will

A|_|CE |\/| UON ARM study the complete spectrum of heavy

quarkoniad WK A 2 A X > >
the > bgehannel.

Xy
28 N: BN
Xy

Absorber

Tracking
chambers

. chambers
Magnet Filter

The optimized design provides

---a good shielding capability and

—F ftAYAUSR Ydzf GALX S ROFOGGSNRAY3I O6XYI aa
A Using lowZmaterial in the absorber layers close to the vertex, and a-Aighielding
materials at theother end. =>Pb+ Boronatedpolyethylene &b+ tungsten

Heavy Flavour meet, SINP, Kolkata083
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Muon detection system: MUCH

AID after hadron absorber with intermediate tracking layers

Amajor combinatorical background from p,K decays into mn
punch through of hadrons and track mismatches

Y use excel l ent pkdeeagshnithe TSt o r

60 C + 20 Fe + 20 Fe + 30 Fe + 35 Fe + 100 Fe (cm)
30 cm gap between 2 absorbers

LMVM @ SI1S100 + ToF \

LMVM @ SIS300 + ToF

Heavy Flavour meet, SINP, Kolkata083
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Optimizing Absorber thicknesses

2
c
a10* N\ -t
S 2
Inputs for Detector Optimization
URQMD background : 10°
central Au+Au @8, 10 and 25 AGeV
p+Au @ 30 GeV
Pluto : signal distributions
LMVM @ 8 and 25 AGeV 10%
Jly @10 AGeV and 30 GeV "7« Omega muons :::::::;t::::::-ff.':‘t‘.‘tf
b= =  J/Psi muons e ST
Ls] & Plons: 0 [Eoaidic I B et
¥ Protons
ll[llllllllllllllllllllllllllll

50 100 150 200 250 300
iron absorber thickness (cm)

Total number of particles as a function of the traversed length in iron.
The particle momenta have been taken from the simulation of central
Au+Au collisions at 25 A GeV, their numbers have been normalized.

Heavy Flavour meet, SINP, Kolkata083
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Track reconstruction efficiency for primary muon tracks from J/psi as a function of
momentum for two tracking algorithms: nearest neighbor (red) and branching (blue). Left plot
shows MUCH tracking efficiency, right plot shows STS-MUCH tracking efficiency. Horizontal
lines represent numbers integrated over momentum.
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3 layout options for SIS100 and SIS300

Basic SIS100

Lengths:
6.4m (SIS100)
7.3m (SIS300) 'I|l||

SIS300

TOF wall




2nd
station

19.4

1st
station

: 3 3rd

absorber

Fe
Gap between
beam pipe &
Lst absorber at
2>4€g absorber absorber ot
Carbon (16.5-14.5=2cm)
|t
_,_——'—‘_'-____—
beam pipe
I::h—_—
)2,
) —— beam axis
185 195 205 235 245 255 z axis(cm) 5

EkataNandy, VECC



Oeoupancy,

Occupancy (2BGeVcentral collisions)

Occupancy vs radius: station 1

Oeoupancy,

L :
" i

v v b b b b by b Py Pana Iy

] 20 40 &0 & 100 1200 140 180 180 200

Radius Jom]

Occupancy vs radius: station 2

o e b v v e v v v by P by

] 20 40 &0 B0 100 120 140

Radius Jom]

Occupancy vs radius: station 5

wrhrh,

1 1 1 1 | 1 1 1 1 | 1 1 L1 | 1 1 1 1 I I'J 1 1 |
50 100 150 200 250
Radius Jom]

Occupancy vs radius: station 3

Oeoupancy,

v b b b b b by e by v s by |l

20 40 &0 &0 100 120 140 160 180
Radius Jom]

Occupancy vs radius: station 6

u_||||||||||||||||||||||||||||—|||||

.............. L TN

50 100 150 200 250 300
Radius Jom]

Geant3 + segmentation + GEM profile implemented



Hit density on { station (Carbon as first absorber)

counts/(cm2Zxinteraction)

400 KHz/cm”2

25 AGeV
1 counts/(cm?xinteraction) 10 AG ev

16
R, cm

FLUKA calculations™
(min-bias collisions)

R, cm



Neutron Flux on ststation

n/{cm?2xs)
1e+87
35 AGeV
1e+06
o 10 AGeV
1e+87 T T T
100000 . : 4 . . - : .
10 20 30 40 50 60 70 80 98 16808
R, cm
1e+06

FLUKA calculations

A. SGHgG,I’GSl 100000

10 20 30 40 50 60 70 80 90 100
R, cm



e+lqd

e+l3 [

e+l2

e+ll

Neutron-equivalent dose

Ng, / cm? /2 months
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TID: Total lonizing Dose
at the outer edge of the
detector is around 10krad

eMuch1Dep_projX eMuch1Dep_projY
ﬂ:& —

S S

> g:.

© B

s S

= =

= =

10 T ..
450 -100 50 O 50 100 150 450 100 -50 0 50 100 150
x(cm) y(cm)

Ref : http://cbm-wiki.gsi.de/cgi-
bin/viewauth/Radiationstudies/WebHome?CGISESSID=2bce338388a71f099de8d3ca43e0f2b7
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Acceptance plots for J/psi mesons
simulated for Au + Au collisions at 10 A
GeV
for the PLUTO input (left) and after
reconstruction (right).

S
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counts
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25

15

3 0 05 1 1.5 2 25 3
y
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Invariant mass spect@muons

A Shown: central (b=0fm) Au+Au collisions at 25 AGeV

A Mass resolution: 12 MeV (w) and 29 MeV (J/y) only due to momentum
determination in STS

A LMVM spectra for SIS100 show similar quality

A Jly in central pAu at 30GeV with superb S/B ratio
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Challenges inMuon detection

Main Issues:

U High collision rates 0 MHz
U The first plane(s) have a high density of tracks
High granularity ~ average hit rate is about 0.4dmit/
U Should be radiation resistaqt
high neutron dos&y ~10¥n.eq/sqg.cm/year
U Large area detector with modular arrangement
U Data to be readout in a self triggered mode
--a must for all CBM detectors.
-- and event reconstructed offline by grouping
the timestamps of the detector hits.

Heavy Flavour meet, SINP, Kolkata083
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Particle Density at Different MUCH stations
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-- For the first two stations, which demand a high rate capability, Gas Electron
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Different detector technologies for different stations
Multiplier technology (GEM) would be used.
-- Straw tube and TRD for the other layers.
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Straw Tube R&2D bpubnaGroup

)
[ i )
3 Z
3
LB
F|
Elo
- (=0 I3t
= =
o oM
- <
45
&
=)
:?1
¥ 1 1
i - o L)
‘ / 11(side clearance) L_ ' 430 H\\
O (active region) . T~ 2
3680 .
4280 .

The straws with inner diameters of 4 and 9.53
mm have been tested in the SPS test beam at
CERN, with the same gas mixtureAofCO2

(80/20) and the gas gain 7 104 in both cases
The efficiency was about 98% and 99% for the 4
mm and 9.53 mm strawggespectively

Heavy Flavour meet, SINP, Kolkata083
Feb 2016
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2/29/2016

Gas mixture | Percentage | t,,..., ns | dE/E, %
Ar/CO9 70/30 68.4 180.8
Ar/CO,/CF, | 63/32/5 66.7 22.5
Ar/CO2/CF4 | 63/27/10 60 26.4
Ar/CO,/CF, | 63/17/20 15 33.5
Ar/CO202 | (70/30)/0.8 64.1 18.8
Ar/CO,/05 | (70/30)/1 63.2 19
Ar/CO2/09 | (70/30)/1.5 | 59.5 28
Ar/CO,/05 | (70/30)/3 56.2 -

Heavy Flavour meet, SINP, Kolkata083

Feb 2016
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The signal processing requirements of the

G, mm straw tube have led to the design oful-
0.5 custom, analogugbipolar ASIC. It provides
¢ eight channels of amplifier, shaper,

045 . discriminator andbase linerestorer.

0 0.2 0.4 0.6 0.8 1.0
RE/,RS

Spatial resolution as a function of the scaled distance to the anode for the
straws with4 mm (circles) and 9.53 mm (diamonds) inner diameter.
gasmixture Ar/CO2 (80/20), and the gas gain was abd0K inboth cases.

Heavy Flavour meet, SINP, Kolkata083
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Triple GEM module for the first Two stations

Heavy Flavour meet, SINP, Kolkata083
Feb 2016
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Gas Electron Multiplier (GEM) and its working principle

LM

a 50 micron polyimide foil witha 5micron Culayer deposited
on both sides of polyimide

Basic elements of a GEM chamber:

1. Dirift plane
2. Amplifying element GEM
3. Readout Plane

Active medium is a gas mixture.
electron multiplication takes place in holes Cascaded GEMS can give higher gains and have
of two copper foils separated kapton lesser spariproability

Driftcathgde | S

GEM] mmmw

eI T T T T T LT T T
| 1¢11 TRANSFER2
ol

GEM3 =

Readout PUI - our meet, SINP, KolkataOfypye
Feb 2016
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ERN made framed

GEMS

Prototype fabrication atvVECC

Readout plane
256 Pads
8 mm x 3.5 mm

GEMs 10 cm x 10 cm

Th

Ar/C0O2c¢ 70/3
ermal s

2/29/2016

fretching and framing of 31 cm x 31 cm
large size GEMs at VECC

gy Flavour meet, SINP, Kolkata083
Feb 2016
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Beam test of GENprototype chambers

Aim :
--to test the response of the detector to charged particles. mainly in
terms of efficiency, cluster size, gain uniformity, rate handling capability
-- testing with actual electronics for CBMNXYTER
NXYTER a 32 MHz,128channelselftriggered ASICfirst developedby
DETNEEollaborationfor neutron measurements
¢ coupled to RO®eadOutController)
and then fed to the DAQ.
-- testing with the actualCBM DAQ

FAIR Root

ThenXYTERDC spectra is inverted as compared to conventional picture,
this has to be subtracted from a baseline value channel by channel

Heavy Flavour meet, SINP, Kolkata083
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Test setup at Jessica beamline at COSY (Julich)

Seel |

Apply to all « AutoScale ;

pr—

X
Apply to all v AuloScale
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vERY
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COLUMN

Beamspot (for high intensity runs), 2@eVc protons

x10°
Z z
= B Mapping2DSector
= 50 B Entries 3.2723666+07 180(
8 — Mean x 6.953
I~ Meany 25.88 —1160(
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Test Results
self triggered mode
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Rate test
using high intensity Cu X-ray
source in RD51 lab at CERNwith conventional

electronics
m B /]
E 1.38 MHz/sg.cm
© 6000 — \ ,
- | HV = 3200V,
- Vgem~358 YV
5000 __ gas.
- Ar/CO2(70/30)
4000 —
3000 —
2000 :_95 kHz/sg.cm
1000 -
% 100 800 900 1000

ADC

Gain remains almost stable with rate

Published in JINSD14 Highest Rate in this picture ~ 1.4 MHzfcm

Heavy Flavour meet, SINP, Kolkata083
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Test with absorberg MiniMUCH
at CERN SPS, Bdamline Pion beams oteVc(with some muonsand
electrons)

Fe absorer
Fe absomer

— aCintillator 1

L—
2= Seintilato 2

(For Spark measurement)
EM3 (GS)

~— Beam pine end

GEM (VECC)
Seintilator §

GEM1 (G5}
GEM4 (GS1)

== — aeintillator Finger

= otirtillator 4

 S— |

S0 cm 20 crm | Focm| 25 cm 30 cm 2B Cm 13cm

4 crmn 2 cm 11 crm Ecm 6 Cm

2/29/2016 Heavy Flavour meet, SINP, Kolkata083
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Residuals for GEM2

-
beam __I I I

Geml Gem?2 Gem3
ResidX (2 hX_resid 2 I ResidY (2) | hY_resid 2
m Entries 520 Entries 520
= Mean 0.02519 = Mean -0.003077
= RMS 0.3595 = RMS 0.3489
T 100}—
80 E 80 B
60— 60—
e 40}
20 :" 20—
0'.._4H I gy O] RO ) o 0‘, pusEl pooseiEany
1.5 1 1.5 2 -4 3 9 3 4

Reconstructing the track using GEM1 and GEMS3 and Projecting the
hits at plane_ GEM2 and finding the distribution of residuals

Heavy Flavour meet, SINP, Kolkata083
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Building a Real size MUCH sector
prototype

Heavy Flavour meet, SINP, Kolkata083
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Layout--one layer of MUCH on a Drive

42
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# of sectors, FEB, area, etc.

Station | Layer | Total | R1 Pad size | R2 Pad size | Area No of 128 No of
# for # no of [ (cm) | (min) (cm) (max) (sg.mt) | channel Sector
SIS100 pads FEB/layer per layer
(round off)

1 1 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16

2 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16

3 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16
2 1 30600 | 34.5 | 5.9mm | 146.9 | 25.4mm | 6.4 240 24

2 30600 | 34.5 | 5.9mm 146.9 | 25.4mm 6.4 240 24

3 30600 | 34.5 | 5.9mm | 146.9 | 25.4mm | 6.4 240 24
Station | Layer | Total | R1 Pad size | R2 Pad size | Area No of 128 No of
# for # no of | (cm) | (min) (cm) (max) (sgq.mt) | channel Sector
SIS300 pads FEB/layer per layer

(round off)

1 1 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16

2 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16

3 28800 | 25 4.36mm | 100.25 | 17.48mm | 2.95 240 16
2 1 30240 | 29.5 | 5mm 1235 [ 21.3mm |45 240 20

2 30240 | 29.5 | 5mm 1235 [ 21.3mm |45 240 20

3 30240 | 29.5 | 5mm 1235 [ 21.3mm |45 240 20

Heavy Flavour meet, SINP, Kolkata083
Feb 2016
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844.189mm
797.189mm

52

797

844

153
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Sector Chamber elements(old design)

Top Honey comb
plate

Pad plane PCB Vm A

clamping frame

— — ~— = GEM spacer
GEM1l— < _ — ' , frame-1
—
GEM2=—>- _ - _ GEM spacer
GEM3—> - T = frame -2
;""“~ — GEM spacer
frame -3

Drift plane PCB —

Murthy S. Ganti, VECC 45



Real size readout PCB designed at VECC

|| mr i

e :ﬁ i‘gii_dg i
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471mm

wﬁ Ww o8
s g e
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Readout PCB
inner side

Readout PCB
outer side
with FEB
connectors

Heavy Flavour meet, SINP, Kolkata083
Feb 2016
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Real size GEM foll

For CBM MUCH- GEM foils having 24 HV Segmentation.

Heavy Flavour meet, SINP, Kolkata083
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Stretching of GEM foilg glue-less approaclt d y a H €

Readout PCB

The screw is
pulling out the
console

Detector Base

Drift

ANow all the three layers of each clamp segment are fastened together with screws at select places
While designing the layout of the GEM foil some circular copper patterns are generated at the edges
to enhance the grip of the edge clamp segments.

AThe clamp segments are provided with an internal groove to accommodate a stainless steel nut. Thus
after assembly of the segment a screw can be inserted sideways through the segment which mates
with the embedded niig.xx

Arhe outer chamber frame has provision to insert screws from side walls through a small gas tight O
ring seal and the screw can be coupled to the embedded nut in the corresponding clamp segment.
Bafter clamping all the foils the screws on the sides of the chamber frame can be tightened to stretch
the foils insitu . The screws are tightened until optimum tension is reached in all the three GEM foils.
AV contacts are brought out of the foils through spring contacts. This needs further improvement.
Aor large scale production it may be possible to mould the clamp segments with some engineering
plastic like PEEK.

This method completely eliminates the slow gluing procedure and suitable for large volume
production of chambers. Also since the ggjmhcers are absent in the active zone, sparking

probability due to glass filaments on the grid edges is eliminated. The chamber is opened for GEM
replacement
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12-14 segments on either side

Total 2428 HV segments per foll
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GE 1/1 for CMS

Short Power Medium Power Long Power
Connectors Connectors Connectors
Part no.12 Part no.13 Part no.14

Figure 8: Position of power connectors for GEM foils.
2/29/2016 GEM Ré&D for MUCH, Krakow 2014
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Drift Plane 1y <hain Module Assembly schematic
L1 Readout Plane
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39 mm




GEM folls for Reasize prototype



