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Performance of the 2S5 Modules of CMS Phase2 Tracker in a

lTest Beam Environment

Gourab Saha, Saha Institute of Nuclear Physics, India [On behalf of CMS Tracker collaboration]
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v/ To operate over the HLL-LHC period, CMS will install a new silicon tracking detector with the following major
requirements :

- Radiation hardness

« High granularity

o Compatibility with high data rates
v/ Outer Tracker (OT) :

e OT modules will consist ot 2 closely spaced silicon sensors read out by common Front End (FE) chip

e 'These FE chips will be programmed to discriminate tracks based on their transverse momentum (pr)

« It will supply tracking information to the CMS Level-1 trigger system tor evg;glection
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8 CBCs : 8 x 254 channels
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@ Pt discrimination :

Charged particles bend 1in magnetic field and the
bending radius depends on their pr

If a particle passes through a 2S5 module, some
strips of both the sensors get fired and when the

signals from those strips cross a threshold, the
CBCs (CMS Binary Chip) send binary information
of the hits

The combination of hits on the bottom and the
top sensors within a predefined window forms a
stub

The main logic behind this pr discrimination lies
in the predetined window programmed in the chip

Stubs will be used for Level-1 tracking.
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v/ Electron beam : 4 GeV

v/ Telescope System : Six MIMOSAZ26 active pixel devices were |
used as beam telescope for tracking the beam particles with high

pi’€CISIOn. L AR 4 Mimosa ”\—

v/ Detector Under Test (DUT) : 4 DUTs (2S pr modules) were 1] | =1 | e |
used here. DUT-Box1, contains one DUT placed in the middle, ged & | . " :
can be rotated in order to emulate track bending in magnetic P g W NS . g
field. DUT-Box2 contains three modules '’y N 1IN - l i

v/ Timing Detector : An FEI4 layer was used as a trigger system 3 o/ 4

“TestBeam set;lp’: DESY 2019

placed in between 5th and 6th telescope layers

Downstream FEI4 Mimosa pixel Central DUT Mimosa pixel

DUT box reference sensors box sensors kel .
- o - v/ Mode of studies:
v/ Threshold Scan : Choose optimal
N | : threshold point to get high S/N
s Y ratio
] v/ Angular Scan : To verity pr
L. « discrimination logic of CBC
A schematic diagram of the test beam setup ‘ 5
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Number of tracks matched with stubs Oftline Stub Reconstruction :

Total number of tracks e Stubs are reconstructed offline from the hits on the
DUT emulating the stub logic programmed on the
50 1 CBC

ofub Efficiency —

E F
E -
> 40— —_— 0.99
> - .
9 - 1
— — 1 I I I l I I I I I I I I I l I 1 I I l I I I I l I I I @ '_@
2 302 —10.098 E? — | | | ? 200 ° ¢ -
o F - S 09F| ¢ CBC StubEfficiency | e — e — T -
s 0 e re) = » =
g = —0.97 :E 0.8 — A Reco StubEfficiency """""""" """"""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""" "":—
[ o o =
oE- o Tk =
= B = 06 — S S =
= »w e =
—10E- 0.5 T o R =
20 0o4F I D iE
S 0.3 F—d e S +
- = § @ =
~40 | ] e s D e e
- | 1 1 1 1 | | 0.1 - e -
— 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 . ..-.-.-.- ................................................................................................................................................................................................................................................. ———
>0 -6 -4 -2 0 2 4 6 - , & & @ & E
track position x [mm] «  ® l L =

50 300 350 400 450 500 550

Stub Efficiency Map High < Low Threshold

v/ Stub Efficiency as a function of threshold
Stub efficiency mostly at about 99%, exceptions

s v/ Threshold 545 is chosen for angular scans
especially in beam boundary areas
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To emulate the effect of particle bending in magnetic field, the
DUT was at different angle with the incident beam and the stub T[ Ge V] = 0.57 X sin(0)

efficiency was measured to verify the pT discrimination logic For B — 3.8T
programmed in CBC. :

considering Rmodule = 0.715 m

A

> 1 S S W S V' V'V Yy >, =
S0 & 09 e B — A
3 3 - I N D T
E 0 8 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" A ut_J 08 g‘ """"""""""""""""""" A
-Q 0-7 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _Q 0.7 g__ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
2 06F 4+ CbcStubEfficiency | IR N S 2 06F — I Y R S

O
&

T e R e

0.4 ; """"""""""""""""""""" '''''''''''''''''''''''''''''''''''''''''''''' A '''''''''''''''''''''''''''''''''''''''''''''''''''''''' '''''''''''''''''''''''''''''''''''''''''''''''''''''''' ''''''''''''''''''''''''''''''''''''''''''''
03F—————————————— 08f————————————

o
N

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 0-2 e ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ A CbCStUbEfﬁCiency ““““

wwwwwwwwwwwwwwwwwwwwwwwwwww R S
1 A 1 1 | | ‘ | | 1 | l | 1 1 1 ! 1 1 | 1 l 1 | | A ‘ | l‘l 1 A 1 | 1 ‘ OE ‘ 1 ‘l 1 ‘ }“ | l 1 1 1 1 l | 1 1 | l 1 1 1 1 l

o
—

o

o
1SN
>IIIIlIIIIlIIIIlIIIIllllllllll]lllllllllllllllllll

30 —20 -10 0 10 20 30 1 1.5 2 2.5 3
angle (deg) P (GeV)

Efficiency drops at around 16 deg : as expected due

Turn-on at around 1.5 GeV
to the acceptance of matching window [T 5 Strips]
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The performance of 25 prototype modules has
been evaluated in a test beam environment.

pr discrimination logic has been verified through

angular scan.
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CMS Tracker Upgrade for HL-LHC

Performance of 2S Modules of CMS-Phase2 Tracker
in a Test Beam Environment

Gourab Saha, Saha Institute of Nuclear Physics, Kolkata, India

The Large Hadron Collider (LHC) will be upgraded before 2027 to allow for the delivery of an instantaneows luminasity up to 7.5 x 109 em®s* at HL-LHC period. CMS will
imstall 8 new silicon tracking detector with some major requirements i.e, radistion hardness, high granularity, compatible with high data rates etc, The Outer Tracker (OT) will
supply tracking information to the CMS Level 1 trigger system for event selection. To achieve this, the OT modules will consist of two closely spaced silicon sensars read out by

common Froat End (FE) chips. These FE chips willl be programmed to discriminate tracks based on their transverse momentum (py).

28 pr Modules with CMS Binary Chips

A 28 module consists of 2 dosely spaced (1.6
to 4.0 mm) silicon sensors with total 4 x 1016
strip detectors of dimension GOy x 5em

Al each side 8 CBCs, the FE readout chips,
resdout 127 strips of each sensor

The bending radius of & particle trajectory
depends on its pr

The combination of a hit on the bottom sensor
and a hit oa the top sensor within a predefined
window will form a stub,

This window (4 n-Strips) is chosen 1o set &
lower cutodf on pr

This stub will be used for Levela
tracking,

Electron beam : 4 GeV,

Telescope System: Six MIMOSA26 active pixel devices were used 53 beam telescope for tracking
the beam particles with high precision. This is used for track reconstruction.

1
1) ) l
Detector Under Test (DUT) : 4 DUT's (28 pr modules) were used bere. DUT-Boxa, contains one DUT . _— ~
placed in the middle, can be rotated in order to emulate track bending in magnetic field. DUT-Baxz / A -,
contains three modules / l T — .
Timing Detector : An Felqg timing layer was used a3 & trigger system placed in between 5th and 6th | J .
telescape layers I Y
LIS :

Cluster & Stub Reconstruction: Stub Efficency:

Consecuative hits on the sensors form a cluster.
Number of tracks matched with stubs
Total number of tracks

If & custer (max size 3) on the boltom sensor
matched another cluster on the Wop sensor within &
predefined window (4 nStrips), it would form a
stub.

t E t oo :
has at least one track £ Suntstonsy
mxtched with a claster.
S N s |

At very bow threshold, due 10 high

nuise the daster size increascs

Vo = 545 has been

The bamp within 309 o 450 4s chosen for anatilar scans

under soady

e,

ack makched chusler soe

hreshold Scan

Electrons are collected as signal and the Threshold or Vg, (Threshold Comparator Voltage) is propoctional to

number of electrons collected, So, high Vo value corresponds to low threshold
To chooss the optimal threshold point to incresse the S/N ratio
The plateau region at low threshold corresponds to a dip in differential plot of Stub Efficiency Vs. Threshold.

Thst din sesarates the tienal from the nadeatal
Angular Scan

The DUT has been rotated to
emulate the bending of change
particle in 2 magnetic fiedd

Sub EMcency

The stub efficiency is messured
as a function of the angle
between the beam and the
module and then transformed to
pr to verify the pr discrimination
logic of CBC

Efficiency drops at around 16
deg : as expected due to the
acceplance of matching
window [ £ 5 Strips)

ange (Oog)

The performance of 28 prototype modules with CBC3 has been evaluated in a test beam enviroament.
Cluster and stub properties have been studied.
pr discrimination logic has been verified through angular scan.

(CBCs) v3 : pr Discrimination

i
i
!

Tracks are reconstructed from the hits on the
tel system and the Felq plane and then matched
with a hit on DUT.

Stub Efficiency Map

Far this stody, the beam was focussed at different y
paoditions of the strips [sdong the strips). The beam
profile is along the x axis,

Stub efficiency mostly at about 9%, exceptions
especially in beam boundary areas.

. ' .

Transformation to pT

priGeV] = 0.57 %

38T,
g Rk = 0715 m

Turn-on at around 1.5 GeV

Cloe 0ot Mcboney J

>
P, (GeV)

CMS Collaboration. The Phase-2 Upgrade of the CMS
Tracker. Technical report CERN. LHOC-2o17-009.
CMS-TDR-014.

W. Adam et al 2020 JINST15 Pojorg




8 Ba(}kup ‘| Results :: Cluster & Track Reconstruction
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Cluster Posltlon (bottom sensor) FeO 916 « Track Reconstruction:

Y ............................. W CQQS@C‘J@V?hltS,Qﬂi, « Reference Tracks: Hit on telescope pixel detectors + hit

- strlp forrn cluster
500 (| S S S S— on Fel4 plane

Thls is the cluster
POSl-thﬂ-'--fOI--ﬂv--Z@fO -------------- » Residual check:
degree run : re resent<' .

; i [The extrapolated reference track position on DUT - the

of 1nc:1dent beam | nearest strip (within a cluster) fired] < 150
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« Those tracks are used to compute the Stub-Track
matching etticiency
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