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CMS Phase Il Upgrades

Barrel EM calorimeter
EndCap EM&Hadron Calorimeter - new FE/BE electronics (increased time resol.)

complete replacement - Lower operating temperature (8 deg.)
with HGCal
Hadron Calorimter

Trigger HLT-DAQ Hybrid Photodiodes (HPDs) -> SiPMs

- Hardware Track info in L1

BRIL » > @
- L1 Trigger latency 12.5 us BRIL g 3
- HLT output 7.5 KHz racker N S 5
ECAL N\, ~76k scintillating PbWO, crystals 'E b
Solenoid /) . , - 8
Steel Yoke / vy EPRSAL N 7 Pf'Eq"o“fR _—
MIP Timing Detector “ g £
_ . . :
30 ps precision - S o3
- Just outside the Tracker - 'c..':'é qE)
-LySo:Ce readout by SiPMs ——— =
sousNom \ 4 T >
aying ~18000A y c »n
\ E, I -
T, i SwiienT v § £
New Tracker Wagnetic fid 381 e O £
- Rad. tolerant - increased granularity - S
- 40 MHz selective readout in Outer Layer Muon System
- Extended coverage to n=4 - New DT & CSC FE-BE electronics

- Extended RPC coverage 1.6 <n<3

- Muon tagging 2.4 < n <3
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Highlights of expected per formance

CMS Phase-2 Simulation
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5 f CMSE Phase-2 Simulation: o - it t track Electron ID AILWDs, pr > 20GeV 05%
S [[fL.PU=200,jetp >30GeV i = 35 event tracks I AUWPS, 10 < pr < 20GeV 25%
= - >0.9 GeV . .
o . C r pT Muon ID All WPs 0.5%
5 c-jet D 30F Tau 1D ATTWPs 25%
.(7)10_1 B - Q r QHL-LHC BS, 3D VtX, PU=140 Jet energy scale Total 1—25%0
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- 20¢ i Jet energy resolution 3-5% as a function of i
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1072 4 Q@ C o ® Light jets, loose WP 5%
5_ r A Light jets, medium WP 10%
1 10 o Light jets, tight WP 15%
q6 F e Subjet b tagging 1%
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X f @@ A Evm ® mmv v v corrections uncertainties (must)
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. . . energy by 10% (recommended)
b-jet efficiency Density (events/mm)  Tiegrated lumimosity 7%
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The Phase 0 CMS Tracker

TOB (Outer Barrel) All detectors are read out via analogue electronics

118 ((’,ﬁ'"fzr ’i‘j” ';,ﬁl) s and qptical links transmit pulse height to,off-detector electronics.
‘s S A S  T T T
1200 gZVleWTEC(Endap) """ / 1;
L 21
- 22
S — 23
. _— 24
‘ ?25 ........
ctors (300 um)
Blue : Double Sided
0 Red: Single Sided
Pixel 0 | 260 | 460 | 660 | 860 | 1600 | 12‘005‘ 1400 | 1600 | 1860 | 2600 | 22b0 | 2400 | 2600 | 2860
Sensor Technology : p-in-n ]
Design occupancy : 1-2% Operation : -15°C
Outer cell size :  ~20cm x 100-200um Signal / noise: ~20 (above 10 after radiation)
Inner cell side : ~10 cm x 80 cm Radiation tolerance: ~1.5 x 10** neq/cm?
Pixel coflsjge: 100 pm? x 150 pm? (66M), {, o :




The CMS Phase 1 Pixel

The Phase 0 pixel replaced during
LHC winter shutdown 2016/2017

D1 D2
Upgrade § £ D3 S Outer rings
160 mmt™ o Y4 -1.58 YE

n=2.5 P
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T I ngust207 ] Noise in PROC600 t0 2.5 x103* cm=2s-1 and
S 0.25 — LYR1 - :
E - LYR2 . plllS some pllup 120 at BX 25 ns
Q o2 — LVRs 1 synchronisation \-
T 0,15 o BN problems )
0.1 e l 120 MRad in outer layers,
0.05F 1 480 Mrad in L1 for 300 fb~!
OS2, - PROC600 redesign
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The DC — DC Case...

Based on the FEAST2 ASIC
developed by the CERN EP — ESE group

“After one year of CMS PIXEL 1 operation 35% of the DC-DC converters were found by
a damage mechanism that... did not prevent them to work correctly””

“disabled”

Increased leakage curren

after irradiation
(~10nA before irradiat

Figure by F. Faccio (CERN)

The problem is believed to be due to a transistor
that develops a radiation induced leakage current,
which is amplified by a current mirror by a factor
of about 500 driving a 3.3 V capacitor to 12 V.

* Repdorpr kdiliire’0f FEAST2.1-based modules in the CMS pixelldetéctsi sysiens (physics run 2017) 7
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Total Tracker Replacement

Radiation Tolerance up to [ Ldt = 3000 fb~1!

Pile Up 140-200, Occupancy <1 %
Longer Latency : from 3.2 us to 12.5 uc
Increase forward acceptance

Improve CMS Trigger
Improve resolution at low P,

Improve resolution at high P;
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Flip from p_on_n sensors ton_on_p

Increase granularity

Increase front end buffer depth

Mostly through pixel extension

Provide tracking info to L1

Reduce material

Increase granularity
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Red: Strip-Strip (25) modules Blue: Pixel-Strip (PS) modules Green: pixel

200 um thick sensors

Outer Tracker based on 2 type modules only
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2S strip-strip double-layers

~8400 modules
~34M channels
~155m?2
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PS strip-strixel double-layers
~7000 modules

~230M channels

~62m?
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Principle of Pt Measurement in OT

Typical Values:

sensorl -

n~r=r=05m

sensor2 — ——

d=1,—1 = 1mm

2 Ax

O ~ —

g .

%,-‘—’ cosAp =~ 1 sinA@ = A

£

2 "V
(GeV] ~ 057- = 0572

p:[GeV] = 0. ro - 7 20

g

op; pelGeV]
rZ + 12 — 2r,1,c0SA t _ &t CS(A
p.[GeV] ~ 0.57\/ 1 ZsinA<p1 2 Ld s 0.57rd (4x)

for B = 3.T,in natural units:

concept by Lutz F eld
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Principle of Pt Measurement in OT

Pass = Stub Fail

outer '
sensor
/ 7
”,
5 L
’
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Si microstrip sensors _ :
VLSI frgnt —end chip y P VLSI fr on\t end chip
/ ,Il N
/ / \ \

— e ﬁ-?
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The 2S Module : Tweo Strips (2S)

CBCs bump bonded

8 CBCs

on each side

8 CBCs

on each side
Optical Link
Concentrator

Receives data from CBCs

assembles data packet and send to optical link
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Sensors

* Top sensor: Strips

- 2x25 mm, 100 um pitch

* Bottom sensor: Long Pixels

- 100 um x 1500 um

e 5x10 cm? overall sensor size
* Provide z coordinate

Readouts

* Top : wirebond to hybrid

e Bottom: Pixel chips

* Correlation logic in pixel chips

Strip-Layer

SSA Strip Sensor SSA

v LdmorlFILJer "

= R0

Front-end hybrid

8x MPA

Pixellated Strip Sensor
Apriul 20, 2019 HEP2019, Athens
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preamplifier
100f

1p
ft

Hit Detect & Stub Finding Logic

postamplifier

I

D I/
200K ¢
h h

60k | 92k
115k

Apriul 20, 2019

16k v,
VeLus * T

postamp O/P
offset adjust

(per channel)

Beam Test of

test pulse circuit

DLL
bend LUT

512 deep

bandgap

LDO

Vdda

data assembly
L1 counter & FIFO

254 channels

12C & biases
10b DAC for VCTH

I/0 to neighbour

pipeline & O/P buffer

I/0 to neighbour

comparator

8-bit value

4-bits
™ hysteresis
select

2S P, mini-modules

Stub efficiency
T

0.8

0.6

0.4

0.2

Non-irradiated
placed at a radius = 68.8cm
V= —250V, V=106 DAC units,

d=2.75mm

Irradiated to 6 x 10 ng/ cm? H
placed at a radius = 60cm H
Viias= —600V, ch =110 DAC units, H
d =3.05mm H

HEP2019, Athens
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Silicon Sensors for the CMS Phase Il OT

Unique provider : Hamamatsu !

o« . . —W— 3e14 1n+2p low inner 600V 3e14 1n+2p low inner 600V 2 -%/- 3e14 1n+2p low inner 800V
We are examining two OptlonS: _@®- 1e15 4n+6p nom inner 600V~ - O- 1e15 4n+6p nom inner 800V
—W— 1e14 0.75n+0.25p low outer 600V - /- 1e14 0.75n+0.25p low outer 800V
H —@— 3e14 2.5n+0.5) uter 600V - Q- 3e14 2.5n+0.5 uter 800V
- FZ290 um thick sensors 18k |A=e1450°tp maxouiorso0y___A setd nto mar ot 00V
- FZ240 pm thinned sensors 17« - F7290 § iy
. . i [N v e J
Decision to be taken by 16K : v
end of summer 2019 15k
14k
1
. . . (V)]
® FZ290 material irradiated with neutrons and 23MeV protons | ~— 13k
® Annealing study performed for most fluences: g 12k
Dose (o))
10"neg/cm?[10"n.o/cm?| 10"“n.o/cm? FolFiot kGy ©
Low outer 075 025 1 75% 375 B 10k FS-s
Low inner 3 33% 300 () R SN
Nom. outer 2.5 0.5 3 83% 75 9k / A max fluence : \o
Nom. inner 4 6 10 40% 900 - i .
Max outer 5 1 6 83% 150 8k / : :;(;r/nf‘ll?::::e j\ A_
Max inner 5 10 15 33% 1500 B I 5 H T
7k A Inner neutron fraction (n~80%) % I % .
i Outer neutron fraction (n~35%) SIS 7
6k o8
i R i
100 1000 10000

Annealing (hours at 21°C)
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Outer Tracker in L1 Trigger
CMS Phase Il Trigger Architecture

l L1 accept

Inner Outer Calo Muon | | (Latency < 12.5ys)
Tracker Tracker Systems Systems

o i'[(jg_ger Data| (40 MHz) |

t
Readout Data . i) {
(< 750 kHz) |

4 : A
Plakal Trans:
JLIOLal 1INgEcT

d - b |

Readout Boards (subdet
specific)

Phase Il Tracker

Level-1 accept
| Fuicmn wack || o] ows
MM
Stubs only CMS
DAQ

>

PU =140, 14 TeV

N CMS Phasell Simulation e
== i L1Mu (Run 1 configuration + ME1a unganged)
B 103 i L o —#— 0 < n[<10 (Q24)
© " i S e 110 <24(Qz4)
— " L1TrkMu (Phasell: muon hits in = 2 stations)
DAQ Interfaces T T e S

O 10? @ tea e 11 < [n|<24
E -é'. e 000 & 115 |n|s )

v A L {’C“}memﬁn OO R

10
Output Data
l (7.5 kHz)

1 sl S ——— o TR A S e
High Level Trigger Permanent CrTT T o T T T T T T e
Farm . Storage 5 10 15
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PHASE Il UPGRADE OF THE CMS SILICON TRACKER

Activities of the Demokritos Group

> Simulations
> Electronics
> Sensors

> Beam Tests

HEP2019, Athens
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Simulations

v 3D Simulation of silicon & pixel capacitances”

.

Fast calculation by a technique that reduces the 3D Laplace
equation to a 2D problem:

Discretization of the two dimensions that are parallel to the junction
while keeping the vertical dimension continuous.

Capacitances for S0x50 um?2 pixels and wafer thickness 200pum

IS
o

35 |- Total capacitance C[0t=COO+4C01+4C02: -+ .
Capacitance to backplane Cg,: *
30 [ ]
Capacitance to neighbour Cg;: ]
— I ]
E 2| Capacitance to diagonal Cg,: ]
= P £ 02° ]
< - —
g [ i E
= —~—— ]
= +""'+"*—+
S ——
= +—— —
= 15 | B T e T .
() 1
10 |- m
kKK
s b « kKRR R KK i ]
e K KKK o
o - = N —
o 10 20 30 40 50

Separation between pixels (in um)

*For details see: S. Kavadias, K. Misiakos and D. Loukas IEEE Trans. Nucl. Sci., vol 41, no 2, p. 397, 1994
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Electronics Test System

v’ Test setup for evaluation of the CBC2 VLSI Chip

Sh@HmRumning Ph2_ACF

HEP2019, Athens

Power Supplies

UHHINH‘HN)

Cooling
GLIB

Dual CBC2 Hybrid

20



DEMOKRITOS” is contributing to the development of the firmware for the
Inner Tracker uDTC, which is the CMS DAQ testing and development platform
for the RD53A chip.

RD53 chip

Chip size: 20.066 x 11.538 mm?

Test Bench system at Demokritos

Apriul 20, 2019 HEP2019, Athens 21



Electronics Test System

Phase Il Pixel CMS Firmware

[ I SCC Peripherals l I RD53A Chip(s)

E \ 10U MDPS 1.28 Gb
B .
Physical Interface Abstraction Layer
12C Block CMD Controller Block Aurora Rx Block

== I o l
DIO5 Block —
(External TLU ‘[ Fast Commands] [ Data Readout ]

Block Block
(| AMC13 Block

< S0
Clock 4 Slow Commands
[ TTC Decoder ] l Generator I Processor Block
Block
1= £13 T
IPBus (from FC7 golden firmware) /
~ 3

uTCA Backplane

IT-
uDTC

kuTCA specif

/@nd Trigger
Informatjga
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Control

|

Electronics Test System

Phase Il Pixel CMS Midlleware

Status<br> Data<br>

N AN

Ph2_ACF

L

Tool

L

SystemController

;

[ RD53Interface
<
E { IPBus ControlHub
o
. |
% IPBus Registers IPBus Registers
=
g IT-uDTC [Not supported by viewer]
‘ RD53A ‘ RD53A ‘ RD53A ‘ RD53A ‘

Apriul 20, 2019

HEP2019, Athens
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24

p++ layer

coupling capacitors

Si0,+Si;N,

~

tr
Al backplane

]
]

CSs Invarious s

tg.n"s
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ips per sensor

Measurements of Electrical Charac
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1016 str

I e e e e e e e e e e e e e

Systema
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Sensor Quality & Process Quality Control

Table of electrical specifications for the sensors

Vendor A Vendor B Measurement Acceptance Measured at
fest structures type value/window VQC\SQC \PQC\ IT
| Global measurements (25, PS-s, and PS-p)

Distribution Full depletion voltage Vig <150V for 200 ym VIiVIIVIY
Center CERN Vig < 300V for 300 ym VI VIV

sensors st stuctues Current at 500V oo < 2nA/mm’ VIiVvIiVv|Y

Breakdown voltage Vireak > 700V, Ig0 < 3%I500 VIiVvIVvIY

Longterm stability | ATs00/T500| < 30% for 48 hours S 4N

Measurements after irradiation (2S, PS-s, and PS-p)
sensors structures Breakdown Voltage Vireak > 1000V, Tig00 < 4XI7g0 - - - v
" hsonsors " -” Interstrip resistance Rint > 100MQcm - -l -V
s g g Strip measurements (2S and PS-s)
‘ Strip current Iswip < 2nA/cm VIV -V
_______ hatch Bias resistor

qualifcation median per sensor median(Rp,ly) = 1.5 + 0.3MQ) VvV o-

P sensors per strip Rpoly = median(Rppy) £ 5% VIV -

from qualied Coupling capacitance Cac > 1.2pF/(cm pm) VIV

patches Interstrip resistance Rint > 10GQcm e VA Ve

Interstrip capacitance Cint < 1pF/cm A A e

Pinhole check Igies < 1InAat10V Vv -

Number of bad strips Nps < 0.5% Vv -

Flow of sensors and test structure control | incl open/shorted strips
. . Macro-pixel measurements (PS-p)

during the quality assurance program Pixel current e < 300pA/cm S R VA e
Interpixel resistance Rint > 1GQcm - -V -

Number of bad pixels Npp < 0.2% S A R

Measurements on dedicated teststructures

Strip/pixel implant resistivity | Ryyip < 250 Q)/square - - V-

Strip/pixel alu resistivity Ray < 25m)/square - - Y-

Dielectric breakdown Vaiel > 150V, Igieg < 10nAat150V | - | - | vV | -

T Only for a smaller sample of sensors, approximately 1% of the full quantity.
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SCQ: Automatic Measurements

Capacitance at 300 V : Baby sensor : SN 11

Current at 300 V : Baby sensor : SN 21 T 10 _ Hist
it = = Entries 127
O Entries 127 [ = gzagev g
= E s E [StdDev 0]
Baby Sensors i - LM B
3 16— ]
e £ Strip Current at 300 volts ® 7ETotal Strip Capacitance 300 volts
g e
1.25— £
1= E o
08— 4; o
= " E T S s~
Sj ?ﬁ'M-’{&&"l'mﬂ':.—w g T 2;
0.2; 1;
PN T S T T S S T R S S S S N S S R S R R R P T T R T R T B Y Y Y T MY T R T N B
Strip number Strip number
Interstrip Capacitance at 300 V : Baby sensor : SN 21 Coupling Capacitance at 300 V : Baby sensor : SN 21
g °E st g 180; Entries e P
g 4‘5? % 170 ’\SllledaSev g
= = . . k| -
¢ .FInter Strip Capacitance 300 volts § 1ol . .
o £ Coupling Capacitance 300 volts
3 C
2-5; K¢ - 140;
E it gl s % % b -
2? * 130 —
15— E
E 120—
1 -
Y= 10—
oi\\\\\\\\\\\\\\\\\\\\\\\\l 100?\\\\\\\\\\\\\\\\\\\\\\\\I
Strip number Strip number

2S with reduced
number of 127 strips.
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Process Quality Control

PROCESS PARAMETERS

Diode, van-der-Pauw, 4-wire |

| MOS, GCD, capacitors with implant |

FET, van-der-Pauw |

| Meander, van-der-Pauw, linewidth |

CBKR, contact chain, diode |

GCD, diode, pulsed MOS |

Dielectric breakdown |

222222

_ By Viktoria Hinger
Apriul 20, 2019 HEP2019, Athens 28



Process Quality Control

Flute test structures

A B C D Bl N+ implant
Il P-stop implant
Contact chains 1 P+ Implant
" Bl Nitride
A I Polysilicon
Diode MOS capacitor - Me%/al
Il Contact
diode
<«—FET
SRR R 3 e : 1
Capacitors P-stop Strip Dielectric Metal vdP Bulk vdP Strip
. vdP linewidth breakdown CBKR
Strip Polysilicon P-stop Edge vdP Polysilicon
| vdP resistor linewidth CBKR
Polysilicon
vdP
E |—||_||—||_| =
Inter-strip resistance Sheet resistance and linewidth Sheet resistance and linewidth Sheet resistance and linewidth
Z —— > R
frripere] | MEEESSERRS 3
Capacitors 4-wire resistivity Field effect transistors Dielectric breakdown
Apriul 20, 2019 HEP2019, Athens 29



Process Quality Control

4-Point Resistivity Measurements
( Infineon VE711408 08 16 )

1.00E+00
y = 266840x + 0.0033

8.00E-01 R’:osgesd,.-"
Voltage 6.00E-01 M
s 4.00E-01 .
— ]
S — [ _ 2.00E-01
= [ 3 i 2
Keithley 2400 = % oorio
o
>
Source Meter S m 200501
-4.00E-01
.~ p=5.53kQ-cm
Current l e it
-1.00E+00
-4.00E-06 -3.00E-06 -2.00E-06 -1.00E-06 0.00E+00 1.00E-06 2.00E-06 3.00E-06 4.00E-06

Voltage Current (A)

Round Diode: 2R = 1.5 mm

AZ/C? [pF%cm?]

i | —e— Circular Diode

—e— (207.256390,0.000523)

1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 5
Voltage [V]
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C M S Egg?'lac;e&Week

1-5 October 2018, Budapest Datri

Upgrade

) Intitute of Nuclear a

o e 1. Overview
| + Upgrade of the LHC to the HL-LHC: up to 3000 fb-1 integrated luminosity [1]

«New silicon tracking devices, improved radiation hardness

« Test beams: study the performance of silicon sensors, also under irradiation

«A new beam line at cyclotron CYRCE (mid 2019, 25 MeV protons) at IPHC-
Strasbourg: testing CMS tracker modules (performances and the DAQ system) with
high rates of particles and for large energy depositions [2]

«Studying the new setup is critical: performing a Geant4 simulation of the interaction
between a 25 MeV proton beam and the silicon sensors [3], [4]

2. The New CYRCE Beamline

« Energy (fixed): 16-25 MeV; dispersion: AE = 100 keV/

« Particle: Protons

« Intensities: max 1072 p/s, min 102 p/s

« Time micro-structure: 11.75 ns — 85.085 MHz, just about twice the
nominal LHC bunch collision rate = 40 MHz [2]; a “kicker” could be
used to have exactly 85.085 MHz/2.

3. Simulated Geometry and Physics Processes

+25 module DUT and Phase-| BPIX modules as part of
the telescope [1]

+25 MeV proton beam in z-direction. Origin: Center of

PVT (CH,) scintilator
(66.6 mm X 25 mm X 2

World. Scintillator: z = -10 cm. Particle gun: (-1, 0, -20) T —
om
+Run: 100000 events ]
.Physics processes included in the simulation: 1)
izations, 2 3) Pair ion, 4)
5)p ic effect, 6) v pl 7
Compton scattering, 8) Rayleigh sca)ltvenng‘ 9) K\eln] ESEEENY

Nishina model for the differential cross section [4]

Level of deposited energy

[l

4. Energy Deposition in Silicon Sensors

A Geant4 Study of Residuals and Hit Multiplicity
in Silicon Strip Sensors for the CMS Phase-ll

d 3 . Jerémy Andrea®, Ulrich Goerlach®, Dimitris Loukas®
Hicle Physics (INPE), NCSIE Demokrito,
1) Universit do Strastionrg, OIS, TPHC UMIE 7175, F-65000 Strashor

o Paraskovi, Greccee

realtrack
reconsiructed

eflecion angle of prmary parice (ad)

srp length / x-axis

o ey abtomarge= s ) ot oo

6. Estimation of the Resolution of 28 Sensors

«Impact points Qpiel = A, D; Qsirp = B, C, where A, B, C, D defined above

« Weight wyi for each pixel with a hit = charge collected in the current pixel over the total
charge collected in all pixels of the current module that have counted a hit in the current
event; weight ws for each strip with a hit = 1 over the total number of strips of the current
sensor that have counted a hit in the current event (no charge info from CMS Binary
Chip)

« Npieis: the total number of pixels with a hit in the current module, Ppi: the geometric center
of the front surface (in the way of the beam) of the i-th pixel that has counted a hit; Neps:
the total number of strips with a hit in the current sensor, Psi: the geometric center of the
front surface (in the way of the beam) of the i-th strip that has counted a hit

25Mev . =

»,

L e
AD = Qpixet = E Wi Py

Pt

- B,C= Qurip =

e 0
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duals’ distribution is a

of two effects: discrete positions due to the
signal from the strips (B and C positions), and connnuaus positions from the track
extrapolation through the DUT (B’ and C’ ultiple

the differences between B/C and B'/C’, respectively.

« Energy lost by primary protons: a) deposited energy in the material
of the detectors; b) kinetic energy of secondary (newly created by
physics processes) particles

25 MeV protons: stopped by about 3 mm of silicon (as expected
from Bethe formula [5]) and deposit large amounts of energy [6]

« Goal: To collect info regarding the deposited energy per sensor of
DUT/pixel module

50 noise threshold: at 5000 e- for 25 strips and at 1000 e- for
pixels

«For each event: stored energy in each strip/pixel, respectively,
calculated; when dividing this energy by the energy required for a
single electron-hole production in_ silicon (= 3.67 eV) charge
collected in each strip/pixel (measured in electrons) obtained

«If this charge exceeds the threshold of 5000/1000 electrons, for a
strip/pixel respectively, we consider that we have got a hit in the

particte

strips
§ T

25 MeV protons
‘average y-position of primary in pixel module 1

L s T ,mm‘ Hit of
i Soter 0 :
E t «Hit multiplicity = the number of

strips/pixels per sensor/module,
F respectively, with a hit in a single
. event (— cluster size for strips)

- For each of the sensors of the 2S
module and the pixel modules of
the telescope: hit multiplicity

for a run of 100000

U
average y-position of primary in pixel module 1 (cm) events

hit mutiplicity per event: BPIX module 1
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Left: Energy stored in the volume of Sensor 1 from the passage of a proton (blue) and the amount of energy transformed to kinetic energy of newly produced ) 30000
secondaries due to the physics processes (red). Right: The sum of the above energies is equal to the total energy lost by the primary proton. A comparison is 20000, 20000
made between the 25 MeV beam of the beam line at IPHC and an MIP beam of 50 GeV protons (inset). On all the vertical axes: Number of entries for a run of 10000 — o000’
100000 events
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5. Multiple Scattering of Protons " o
<A, B. C. D points defined as entrance points of primary protons in the first pixel module, the first 28 sensor, the second 8. Outlook

28 sensor and the second pixel module, respectively; they all lie on the front surfaces of each compnent in the way of  «Small

the beam

- Geant4 returns the real (extrapolated) entrance positions

« An attempt made to perform a local reconstruction: the reconstructed entrance points correspond to those that could be
measured in reality

. ions made in the

angle in the system (< 0.3 rad) for 25 MeV protons

- Similar hit multiplicities for sensors regardless of energy
+ A novel simulation algorithm for the estimation of multiple scattering angles, residuals and

energy deposition per strip/pixel for any test beam system and telescope containing pixel and

of reconstucted antrance poits to ectmate e F G2 0L 9, Ather“i@“"s"'s
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Historic Data Quality Monitor

»The Historic Data Quality Monitor (HDQM) of the CMS experiment is a framework developed
by the Tracker group of the CMS collaboration that permits a web-based monitoring of the time
evolution of interesting quantities (i.e. signal to noise ratio, cluster size) in the Tracker Silicon

micro-strip and pixel.

»The tool run smoothly during 2018 data taking period and was documented as an internal note
and also presented in CHEP2018, Sofia Bulgaria

CMS CR -2018/285

Available on CMS information server

Available on CMS information server CMS IN -2018/004

The Compact Muon Solenoid Experiment
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.~ Conference Report

The content of this note is intended for CMS internal use and distribution only Vi
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Historic Data Quality Monitor (HDQM) Tool for the

CMS Tracker A Historic Data Quality Monitor (HDQM) tool for

the CMS Tracker Detector

Daniel Duggan®, Francesco Fiori®, Hassan Halil®, Tomas Hreus?, Aristotelis Kyriakis®, Dimitrios Loukas®, Alkis
Papadopoulos®, Alessandro Rossi/, Uridah Sami Ahmed®

“ Fermi National Accelarator Laboratory (USA), b National Taiwan University (TW), © National University of
Sciences and Technology (PK), 4 Universitaet Zuerich (CH), ¢ Nat. Cent. for Sci. Res. Demokritos (GR), ©

Universita e INFN, Perugia (IT) Aristotelis Kyriakis for the CMS Collaboration

Abstract

Monitoring the time evolution of sensitive quantities is fundamental to LHC experiments. It permits
keeping control on data quality during LHC running and also effectively checking the influence on data
of any detector calibration performed during the year. The Historic Data Quality Monitor (HDQM)
of the CMS experiment is a framework developed by the Tracker group of the CMS collaboration
that permits a web-based monitoring of the evolution of measurements ( S/N ratio, cluster size) in the
Tracker Silicon micro-strip and pixel detectors. The framework provides a way to build and deploy
trend plots based on two steps of actions. In the first step data are retrieved from the offline DQM data
base periodically via a cron scheduled job and a list of datasets is produced. In the second step, the
web interface dynamically and interactively produces the trend plots from the datasets. The overall
organization of the tool will be presented along with its internal structure and representative examples.

me th lez:@fo @eiglble implementation of the HDQM in the other sub-detectors of the

riments will scribed.

Abstract

Monitoring the time evolution of data related observables is important for the successful operation
of the LHC experiments. It permits keeping control on data quality during LHC running and also
effectively checking the influence on data of any detector calibration performed during the year. The
Historic Data Quality Monitor (HDQM) of the CMS experiment is a framework developed by the
Tracker group of the CMS collaboration that permits a web-based monitoring of the time evolution
of interesting quantities (i.e. signal to noise ratio, cluster size) in the Tracker Silicon micro-strip and
pixel.
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Greek Core Contribution

The Phase Il CMS Tracker Upgrade

« 10 years of R&D
e Over 100 MCHF core cost
» 1.4 M CHF foreseen Greek

contribution
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Backups

Tracker Material Budget
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Figure 6.2: Material budget inside the tracking volume estimated in units of radiation lengths,
comparing the Phase-1 (left) and the Phase-2 (right) detectors. The material in front of the Inner
Tracker sensors is shown in brown, that inside the Inner Tracker tracking volume in yellow, that
between IT and OT sensors in green, and that inside the Outer Tracker tracking volume in blue.
The histograms are stacked.
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