Twenty-Seven years (1994-present)
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Particle Colliders
LHC: CMS / ATLAS
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Collider Detectors

Tracking
Detector

EM Hadronic

— Calorimeters
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Muon
Detector




IRV

Counter-circulating
beams collide at heart of
detectors:

CMS
A Compact Solenoidal Detector for LHC




ECAL .
™~ > PbWO4crystals HC .AL |
s e = > Brass/scintillator

TRACKER

Microstrip silicon
Pixels

Total weight : 12,500 t | MUON
Diameter : 15 m A : ' ENDCAPS
Length: 21.6 m MUON BARREL

Mapuche el e Drift Tube Resistive Plate Cathode Strip Chambers ( CS

L) Chambers ( gpd Resistive Plate Chambers ( RPC)
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Inner Tracking System
Pixel Detector
Semiconductor Tracker
Transition Radiation Tracker
Calorimeter
Barrel Carlorimeter
>  Liquid Argon Electromagnetic
> Hadronic (Tile-Calorimeter)
2 Liquid Argon End Caps
>  Electromagnetic (Pb)
>  Hadronic (Cu)
>  Forward Calorimeter (Cu,W)

Muon Spectrometer
Large Air-core toroid (0.5 T)

Monitored Drift Tubes and CSC
Trigger: TGC and RPC

Muon Detectors

Solenoid

Barrel Toroid Inner Detector

Electromagnetic Calorimeters

Forward Calorimeters

End Cap Toroid

. . Shielding
Hadronic Calorimeters e

Diameter 25 m
Barrel toroid length 26 m
Overall length 46 m
Overall weight 7000 Tons




Largest, most Study tiniest

complex detectors particles with
ver built incredible precision
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Hardware Activities

* Tracker: Silicon Strip (2012-2014)

* Forward Detector (2010 - present)



S Tracker Upgrade for HL-LHC

(Sensors R&D)
Collaboration: 2012-2014




CMS tracker detector upgrade

Diameter 2,4 m 5, R Gy | — -] Silicon strip detector
Length 5.4 m ey ey | ( [Fm=wros=—==== =]
Volume 24,4 m® T
Running temperature -1¢° C ; : [pr———__} =1l !
4) ; g ’

Dry atmosphere for 10 years

 mm—

]
] e ——— I ‘ Pixel detector
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conditions
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No maintenance

enhance tracking efficiency at high pT

enhance tracking efficiency at low pT
Reduce secondary interactions

enhance CMS trigger decision

Ph.D. Defense January 27", 2016 Mohsen Naseri



Tracker Layout

” o ha ol 9% . 2 o 18 Material budget estimate
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» Baseline layout is a classical barrel + endcap layout with 5 disks
« Better performance at lower power, material & cost than a long barrel geometry
* 15 348 modules, 58kW of front-end power (today: 15 148 modules, 33kW)

* Option to extend pixel coverage to n ~ 4 is under consideration (baseline: n < 2.5)

* Two basic module types in outer tracker:
* Modules with 2 strip sensors back-to-back (“2S p;-modules®)
» Modules with 1 pixel and 1 strip sensor back-to-back (“PS pr-modules®)




Measure charge collection with *°Sr at -20 °C after different irradiations.

. . . . Noise
v Study annealing functionality of seed signal at fixed fluences for \
. . . anaan distrhuh
different material and thickness. 74 \,-" OO st o
§
16000 - — f \ / N
Ny
14000 | g TN } \,/ N
=1 RN
oo e— FZZCD:- | R {t}- L L i} ;‘-\: -
L SAERE 3 0 100 200 300 400 300
220001 — »- e ADC charnel (arh unite)
ot ~
1 — ‘;::E2::::r—"F-‘=-i:--'h..-..‘-*==-~‘\§'
38000- \ I 12000 . 15 2f | == FZ200P
b N 110004 High fluence: 1.5 * 10° n_/em7Y| o uczone
il FZ200N
——— ~ ' 10000 -
Ny -
4000 T T L 1 ngo' I
1E+2 3RS 1IE+4 (&
Annealing (AORT) 20 Weeks @RT §a000-
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§7000-
v All thin p-type samples work well and show ® i
seed signals > 8 ke until above 20 w @ RT.
5000
v Signal on n-bulk sensor decreases after a 4002E ) - T
+

few weeks @ RT to a low level.

S5E+2 5E+3
Annealing (h@RT) 20 Weeks @RT

Dec 217, 2015 Hadi Behnamian
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Forward Detector

» CT-PPS project

» Physics Motivation

» Timing Detector



CMS-TOTEM Precision Proton
Spectrometer:

A new tool to investigate many phenomena,
including precise measurements of protons
as they emerge at small angle (7uraa) in the
forward direction.

CMS-TOTEM Memorandum of Understanding:

CMS and TOTEM jointly undertake the PPS project

CT-PPS project approval:
CERN Research Board, December 2014

CERN European Org zation for Nuclear Research  CERN-LHCC-2014-021
o SsToR 013
Organisatio o pour la recherche nucléaire. o IOTEMIOR TOTeA-Ton-0c3

CMS-TOTEM

“TECHNICAL DESIGN REPORT FOR
CMS-TOTEM
PRECISION PROTON SPECTROMETER




Institutes and Responsibilities

Infrastructure

Tracking

Tracking

Timing

Trigger &

Offline SW

Brazil

CBPF

CERN
CMS TC group

Italy
Torino
Genova

Iran
Tehran

[Portugal
LIP

Russia
IHEP Protvino

Us
Fermilzb
Livermore
Kansas
Iowa
Rockefeller

TOTEM

CERN

Czech Republic
Prague

Finland
Helsinki

Ttaly (INFN)

Pisa/Siena

Collaboration
CommonFund

D,

IRV

10 countries
20 institutes
93 people



CT-PPS Organization chart

Institution Board Project Manager Technical Coordinator
Chairman: M. Arneodo J. Varela (LIP) J. Baechler (CERN)
(Novara/Torino) Deputy: N. Turini (Pisa/Siena) Deputy: ). Hollar (Louvain)
J P J

Tracking Detectors

Run Coordination Beam Pockets Timing Detectors Timing & Trigger DPG & Offline

A. Solano (Torino)

M. Lo Vetere
(Genova)

M. Deile (CERN) D. Druzhkin (NIKIET)
N. Cartiglia (Torino) D. Dattola (Torino)

M. Gallinaro (LIP) D. Wright (LLNL) L. Mundim (UERJ)
M. Khakzad (Tehran) N.Turini (Pisa/Siena) V. Avati (CERN)




Beam line region ...

... Leading protons detected T1:3.0<|n| <46
Shose | Y R e e IS €7 Vi

B Leading protons detected
> % % 3‘\ - +220 m & +147 m from IP
Charged particles of inelastic T1‘&@= Lo,
events detected in T1 & T2 T2
telescopes T OTE M

Rap gaps & Fwd particle flows: T1 & T2 spectrometers : o o
Fwd energy flows: Castor & ZDC
Veto counters at: £60m & £140m?




Detector concept @

IRV

£ % . .
CT-PPS concept: B cus oM
0.4

1) Proton spectrometer making use of % . 10ps

:%D
machine magnets i

2) Two tracking stations with 3D pixel ol J
detectors ToF vs. z vertex « N

os-exclusive WW = |
3) One stations with 10 ps timing LR
detectors

[ inclusive WW background |

Use timing to reject pileup background o HEEREE
b : inclu‘svi\_/e.‘;\:/\.l‘w; g

L | I T ) aloieity 1.,.1
25 20 -16 10 -5 0 5 10 15 20 25
Leading lepton vertex z position [cm]

p®)
204m =>IP5
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2 new horizontal 2 horizontal box-shaped RPs
cylindrical RPs (1 in LS1)



Cherenkov light:
0=47.3° (350 nm)

SiPM

SiPMs = S-12572-050-P
Qualified for 1012 n/cm?2
Vop= Vgg + 2.6 V

Forward Cherenkov Detector (FCD) Module IpM
=0 W

n = 1.475 (350nm)
p=2.20gcm3
At = 44.5 cm

hQZ ' R .y L : (R+L) 4x5=20 3x3 mm?2 bars
channe mm mm mm . .
1 3 712 1342 100 pum separatinion
2 53 68,1 121,1
3 43 65 108 Active area
4 33 61,9 | 94,9 12.6 x 15.8 mm?
5 23 58,8 81,8
6 58 71,2 129,2
7 48 68,1 116,1 .
s 38 p 103 QUARTIC Mapping
9 28 61,9 89,9
10 18 58,8 76,8
11 63 71,2 134,2
12 53 68,1 121,1 1 1
13 43 65 108 6 1 6 1 /
14 33 61,9 | 94,9 s
15 23 | 588 | 818 1T T1TT
16 58 71,2 | 129,2 8 3 8 3 /
17 48 68,1 116,1 1 1
18 38 65 103 9 4 9 4 /
19 28 61,9 | 89,9 2 1 1
20 18 58,8 | 76,8 0 5 o0 5
y: Radiator bars, “particles’view”
3 x 3 mm?, 200 pm gaps Light Guide bars
T [ T T T 1
i ] L]
Y 47 T T 2
D in:d

oo .

Plane of SiPMs

15 47 79 111 143
S X
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FCD Tests and Commissioning oIy
LA

| FCD-Demo Support Structure & Cabling |

* Bld. 226 Tests SR s 1 e
* Q2 Module test and Mapping
* LED Tests

 H8 beam: Prototype(s) tested
* L-bars, Straight bars
* Quartz, Sapphire (radiators)
*  PMT, MCP, SiPM (photodetectors)

e Bld. 904 Tests
* QIE-10 HFM readout (ADC + TDC)

* UXC: CASTOR Table (minus side)
* Performance of FCD module

* High radiation environment
* High particle rates (timing)




Work done af Larak



D,

Hardware: Upgrade phase IRVI

 ECAL upgrade 11
* R&D on Timing detector

* Cosmic Ray measurement



ECAL upgrade

At the HL-LHC, there would be 10 times more data.

To remove the noise accompanying the signal online (currently is - € :
done offline). = NS

Detector characteristics s

Width: 22m
Diameter: 15m

DAQ ASIC will be used as main data readout part Bl B
Hardware

- o=
Trigger Data | _
(o7

e Modularity
+ 25 channels = 1 trigger tower

e Features
+ Trigger Primitive generation
+ Pipeline, event buffer in FE
e Status
+ 25/2592 with issues
+ 13/2592 irrecoverable

VFE card (5x)

crystals i 3 gain MGPA
%) OQwdADC (5x) [
PWO crystal g ADC

ECAL barrel trigger tower Ao i Meito ALD pak
Dynamac range 40MeV ~ 1 5TeV, 40ms RC-CR




The eftects of temperature on FPGA
for the CMS ECAL upgrade

M.Khakzad, S.Jamili

School of Particles and Accelerators, IPM
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Using Field Programmable Gate Arrays (FPGAs) for critical applications are
very popular because they provide high logic density and high performance
capability. Investigating the temperature effects are important to increase
reliability and safe operation. In this analysis, we investigate the effect of
temperature on the Xilinx KC705.




KC705 Evaluation Board for the Kintex-7 FPGA

PMBus
Connector

Linear BPI
Flash Memory (128MB)

iConfig Mode/Upper Linear
Flash Address Switch

USB JTAG
Interface

Status LEDs

10/100/1000 MHz
Ethernet PHY

HDMI Output

XADC Header User SMA Clock User SMA User LEDs

SFP/SFP+
Connector

GTX SMA Transceiver
and Clock

PCI Express

FMC FMC SD Card
(HPC, 4x GTX) (LPC, 1X GTX) Interface

. Power Switch

12V Power

& XILINX.
KINTEX’

User DIP Switch

FPGA Prog
Push Button

User Push
Buttons

User Rotary Switch LCD Character
(located under LCD) Display
Connector Kintex-7 XC7K325T- DDR3 SODIMM

(8-lane) 2FFG900C FPGA Memory (1GB)




Results @
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 The graph shows the average delay of the inverter versus
the temperature in a ring oscillator

« As it can be seen, by increasing the temperature, the intrinsic delay
gets bigger.

28.55
28.5
28.45
28.4
28.35
28.3
28.25
28.2

83.15

28.1

57008 1% + 28.089
R> = 0.9737

Delay of te inverter

0 20 40 60
Temperature(°C)




Quartic Timing Detector:
Si-PM readout

(Design and Construction)




Timing detector

Quartz detector:

* Detector is a 4 x 5 array of quartz bars, 3 x 3mm?, SiPM
light detection.

* Radiator bars separated by 100 mm for total internal
reflection

SiPM -> Single DAQ readout

PHOTODETECTOR

QUARTZ L-BAR
(Schematic, not to scale)

LIGHT GUIDE BAR

Example of photon

path

\ RADIATOR BAR
1 T AN AN
1 N2 Y A Y L3

/




QUARTIC SiPM

The board includes two main sections:

1. Bias Voltage Connector

The QUARTIC SiPM has 20 sensors. It has a ribbon cable for connecting
HV Bias, so we have many pins that require a connection to HV supply
and it's better to have the ability for selected sensors for testing
purposes.

2. Temperature and Humidity Data Logger
The QUARTIC SiP M has a temperature and humidity sensor and a
unique Readout System which is designed exclusively. This sensor is not
assembled on QUARTIC SiP M board.

We put a sensor on this Readout System in
order to prevent the board from modifying.
So It’s working dependently.




QUARTIC SiPM

Power n
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2 QUARTIC SiPM Bias Voltage Connector
t/{ and Temperature and Humidity data logger [J|BJ\

J!

Hoatwr

Temperature:0 °C
Humidity: 0 %RH

@ @

$R0UBJDS |RUBLIBPUN
UJ UpIeasaY 10} 3IMNSUT

I

o r
2 =
£z
H
g7
g2
§ 3
e
5 £
gz
2.5
g
Sex
H
18 §
g3
E2
33

A B C D
|H:/13_40_27.csv
Time Temperature Humidity
0 26 19
1 26 19
2 26 19
3 26 18
4 26 18
o 26 19
6 26 19




Installation in LHC tunnel

(Not to scale)



Available on CMS information server CMS CR -2020/169

T The Compact Muon Solenoid Experiment
_~— Conference Report ()
@ W= Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

11 October 2020

A Study of a Quartz Bar Detector in the Forward
Region of the CMS Experiment at LHC

M. Khakzad, V. Samoylenko, J. Baechler, A. Baud, D. Druzhkin, B. Kaynak, R. Stefanovitch, M. J. Wagner, O.
Atakisi, M. Kaya, S. Cerci, S. Ozkorucuklu, C. Simsek, D. Sunar Cerci, A. Mestvirishvili, A. Penzo

Abstract

In high rapidity regions of experiments at colliders (e.g. Large Hadron Collider LHC), along the direc-
tion of the interacting beams, the conditions are particularly challenging and the detectors need to have
excellent time resolution, spatial resolution, high-rate capability and radiation resistance. Among var-
ious detector schemes proposed for these applications, combinations of Cherenkov radiators (quartz,
sapphire, etc.) with fast photodetectors (e.g Micro Channel Plate PMT (MCP PMT), Silicon PM
(SiPM)) have been studied. Quartz-based calorimeters are already employed at CMS (Compact Muon
Solenoid) experiment in the forward direction. Quartz bar array detectors were initially proposed as
timing elements for the CT-PPS (CMS-TOTEM Precise Proton Spectrometer) project. We report here
on the performance of one of these QUARTIC (QUARtz TIming Cherenkov) detectors, which was
installed in 2018 (as test prototype) in the CMS Forward Zone near the CMS beam pipe.

Presented at 3rd International Iran-Turkey Joint Conference on LHC Physics




M. Khakzad, M. Ghahremani

School of Particles and Accelerators, IPM
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Nuclear Inst. and Methods in Physics Research, A 957 (2020) 163401

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

| SEVIER journal homepage: www.elsevier.com/locate/nima

Technical notes

PMT glass window sensitivity to gamma-rays: A digital signal processing R)

Check for

approach
M. Ghahremani Gol ", M. Khakzad ?, S. Jamili?, N. Ghal-Eh >¢

aSchool of Particles and Accelerators, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5531, Tehran, Iran
b School of Physics, Damghan University, P.O. Box 36716-41167, Damghan, Iran
¢ Department of Physics, Faculty of Sciences, Ferdowsi University of Mashhad, P.O. Box 91775-1436, Mashhad, Iran

ARTICLE INFO ABSTRACT
Keywords: A digital data acquisition system together with MATLAB software for data analysis were utilised to measure
Photomultiplier tube (PMT) the pulse specification of the scintillation detector assembly. Besides, the sensitivity of a photomultiplier tube

Scintillation detector
Time response
Digital pulse processing

(PMT) window to gamma-rays was studied to discriminate the signals produced as a result of gamma-ray
interactions inside the glass window from those originating from the scintillator cell. The result showed that
an algorithm based on the time features was capable to evaluate the contributions of these two different
signals.
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Contributions to ATILAS
at
CERN
(1999-2009)




Liquid Argon Forward Calorimeter
(LAr FCal)

Tow Modules: :
ATLAS Forward Calorimeter

Each costing: $1m and
weiahtina of 4 Tones

Forward Calorimeter



The electrodes consist of a rod (Cu
or W) inside an outer tube with liquid
Ar in between (250 to 500 um )

> PEEK Fiber
5. 0.25 mm OD

The matrix is made of Cu (FCAL1) or
W (FCAL2 and FCALD3)

lon build-up should not be a problem
because of the very small gaps

FCal Read-out Scheme

FCAL End View

Liquid Argon gap
«250/375/500 4 m




FCal Readout

Liquid
Argon Gap

Electrodes ganged together at module face: 4,
6, and 9 for FCal 1, 2 and 3

Four (adjacent) groups are summed in the cold:
»  Provides adequate readout granularity

» Reduces need for feedthrough channels

FCal Cold Electronics Chain PR s Tu ngsten Rod

HV= 250 (375.500) V

1D cutp FEC

I v Analo
;(:nnfnooow /JJm.‘SQCoa\ \_\ ba:;l:e Preamp || Shaper - . . g
i | | Pipeline

Transmission
Lines

nnnnnnn
Toangle peak cument
1.5(0.7,0.7) pA/GeV
Daft time
|_ 61 (82, 113)ns
RMS Electronics Noise
" ~225 (450, 500) MeV/output channel
1 of 64 output channels

4(6,9) twbe electrodes ~ 1.5 nF
e Isolated Ground per Summing Board




FCal1, 2 interface FCalC Cable Dressing Insertion into Cold Tube



LAr Forward Calorimeters

The three modules for the first end-cap side were shipped in 2002 to CERN and
cold-tested, they were tested for a beam calibration on June 2003

e

,ﬂ&:"l‘}w _ \ﬂig&’g_ =~ - ---‘.: 3

\

...........

FCAL module during insertion of ICB Cold test of the three FCal modules for the first side



FCal production modules in a testbeam

at CERN

Exposed to pions and electrons from 10 -
200 GeV

Calibrate the detector response
Linearity

Electron resolution —»

Pion Resolution —»

Excluder Counte

<10 Counter

X }l e > o -
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Two detector modules to measure the
energy of particles

Each module was 1m in diameter and

weighed 4 tons. >
Both modules completed, shipped and \

installed at CERN

,,,
NI A i

i i






HERA

The first electron-proton collider at DESY Hamburg (1992-2007)
Ees = 27.6 GeV E, = 920 GeV

Total centre-of-mass energy of collision up to /s # 320 GeV

(equivalent to 5 - 10!3eV photon on a stationary proton target)

Status: 1-July-2007
00 T

- - -'-— T T T T T T T T ' T T i T
Two collider experiments: H1 and ZEUS % <l on / 515.Gev
g F —— pesitrons 160 GeV 4
<4 |l — lwE  €'P d
/—_‘ £ I
Z s} HFRA -2 "
Halle NORD (H1 = i 7
m(wr'a " = i 2003-2007
Hall nord (H1) s .
s I ¢
g i > q
= 204 .‘s.'\‘." -
= | &S ;
Halle OST (HERMES) A= Qc
Hal) EAST (HERUES) HERA-1
Hall ast (HERMES) | 920 GeV i d
o~ i 1992-2000 /'
) p (20 GeV) i 920 GeV i
ale WEST (HERAB) E
Hal WEST (HERA-5) i 820 GeV
H]'n oues? (HEARA-B) Bewimen | Pouly e
- ;s

Protonen
- Projons

T N T | i1 |
500 1000 1500
Protons

SyrhoToNEI LG Jays of ing
“ Symcroton Raattn Days of running

Maynnnemert Synciroiron

total lumi:
0.5 fb~! per experiment
ZEUS Detector

Halle SUD ZEUS)
Hall SOUTH (ZEUS
Ha\ sud (ZEUS)
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LB Detectors:

HERA beamline in p direction from ZEUS: Vertical dipole acts as
» Analyzing magnet for Leading Proton Spectrometer (LPS) for LP
# Sweeping magnet for Forward Neutron Calorimeter (FNC) for LN
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LPS: Si-strip detectors
s Energy resolution: 6_/E~<1%

ENC: Pb-Sci calorimeter @ 0° 105 m from ZEUS
» Energy resolution: 6_/E~0.7NE

# Sci-hodoscope position detector 1klinto FNC 5
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— S.Bhadra et al., NIM A394 (1997) 121

- sampling calorimeter, e/h ~ 0.96 - -
— 134 layers 1.25cm Pb and 0.26cm scintillator, 700 >l
readout by WLS from both sides, | X

Y
A\

-G || ||| O

Y

— front section (7A) -14 towers, rear section 3\, ="
— e/h separation using transverse width of shower
-og/E = 0.65%// E [GeV]
—Forward Neutron Tracker (since 1998)
17 x 15 X-Y strips, 1.2cm each,
installed 1 inside the calorimeter }
position resolution 0.23cm Lz

700
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For more information see:

CERN - http://public.web.cern.ch/public/
CMS - http://cms.cern.ch/
IPM - http://particles.ipm. ir/







