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CMS (Compact Muon Solenoid)



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

Three main sub-systems:

1) Inner Tracking System
▪ Pixel Detector

▪ Semiconductor Tracker

▪ Transition Radiation Tracker

2) Calorimeter 
▪ Barrel Carlorimeter

➢ Liquid Argon Electromagnetic

➢ Hadronic (Tile-Calorimeter)

▪ 2 Liquid Argon End Caps

➢ Electromagnetic (Pb)

➢ Hadronic (Cu)

➢ Forward Calorimeter (Cu,W)

3) Muon Spectrometer
▪ Large Air-core toroid (0.5 T)

▪ Monitored Drift Tubes and CSC

▪ Trigger: TGC and RPC

ATLAS (A Toroidal LHC ApparatuS)



Largest, most 
complex detectors 

ever built

Study tiniest 
particles with 

incredible precision

IT’S LARGE HUGE!

(people)





• Tracker: Silicon Strip (2012-2014) 

• Forward Detector (2010 - present)  

Hardware Activities 



CMS Tracker Upgrade for HL-LHC  
(Sensors R&D) 

Collaboration: 2012-2014









Forward Detector 



CMS-TOTEM Precision Proton 
Spectrometer:

A new tool to investigate many phenomena, 
including precise measurements of protons 
as they emerge at small angle (1μrad) 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

CT-PPS project 



Institutes and Responsibilities 



CT-PPS Organization chart



Beam line region …

• Leading protons: RP’s at ±147m, ±220m and ±420m
• Rap gaps & Fwd particle flows: T1 & T2 spectrometers
• Fwd energy flows: Castor & ZDC 
• Veto counters at: ±60m & ±140m?



Detector concept  

CT-PPS concept:

1) Proton spectrometer making use of 
machine magnets

2) Two tracking stations with 3D pixel 
detectors

3) One stations with 10 ps timing 
detectors 

Use timing to reject pileup background

ToF vs. z  vertex



QUARTIC Array 

n = 1.475 (350nm) 
r = 2.20 g·cm−3

lInt = 44.5 cm 

Cherenkov light: 
q=47.3o (350 nm)

Quartz L-Bar 

SiPM
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QUARTIC Mapping 

Forward Cherenkov Detector (FCD) Module

4x5=20 3x3 mm2 bars
100 μm separatinion

Active area
12.6 x 15.8 mm2

SiPMs = S-12572-050-P
Qualified for 1012 n/cm2

VOP= VBR + 2.6 V

Q2 
channel

R 
(mm)

L 
(mm)

R+L 
(mm)

1 63 71,2 134,2
2 53 68,1 121,1
3 43 65 108
4 33 61,9 94,9
5 23 58,8 81,8
6 58 71,2 129,2
7 48 68,1 116,1
8 38 65 103
9 28 61,9 89,9

10 18 58,8 76,8
11 63 71,2 134,2
12 53 68,1 121,1
13 43 65 108
14 33 61,9 94,9
15 23 58,8 81,8
16 58 71,2 129,2
17 48 68,1 116,1
18 38 65 103
19 28 61,9 89,9
20 18 58,8 76,8



FCD Tests and Commissioning

• Bld. 226 Tests
• Q2 Module test and Mapping
• LED Tests

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

• 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)

6

FCD-PD mechanical structure, configuration and connections





• ECAL upgrade II 

• R&D on Timing detector 

• Cosmic Ray measurement 

Hardware: Upgrade phase 



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

To remove the noise accompanying the signal online (currently is 
done offline). 

DAQ ASIC will be used as main data readout part
First implementation of                                  Hardware 

Trigger in ECAL

ECAL barrel trigger tower 

ECAL upgrade 



The effects of temperature on FPGA 
for the CMS ECAL upgrade

M.Khakzad, S.Jamili
School of Particles and Accelerators, IPM



Introduction

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



Results

• 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.

y = 0.0081x + 28.089
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Quartic Timing Detector: 
Si-PM readout 

(Design and Construction)



Quartz detector:
• Detector is a 4 x 5 array of quartz bars, 3 x 3mm2, SiPM 

light detection.
• Radiator bars separated by 100 mm for total internal 

reflection

Timing detector

Quartic readout chain

SiPM -> Single DAQ readout  



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

Beam



QUARTIC SiPM



QUARTIC SiPM Bias Voltage Connector 
and Temperature  and Humidity data logger



Mohsen Khakzad FCD Group26.06.2019

Installation in LHC tunnel 





M. Khakzad, M. Ghahremani

School of Particles and Accelerators, IPM
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Cosmic rays muon detection on the earth surface
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  دهيچك

شده است.  هاي بنيادي، پرداختهكيهاني در پژوهشكدة ذرات و شتابگر، پژوهشگاه دانشهاي هاي ناشي از تابشدر اين تحقيق به آشكارسازي ميون

شده است. در اين تحقيق از دســتگاه  ها توسط آشكارساز سوسوزن پلاستيك و لامپ تكثيركنندة نوري انجامگيري سرعت و طول عمر ميونزهاندا
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)٩٤٤/٠ ± ٠١٣١/٠ β =(  و و طول عمر ميون حدود) در اين استي منطبق تئور مطالعاتدست آمده كه با نتايج ه ميكروثانيه ب )٠٣٣/٢ ± ١٧٧/٠ .

  است. هاي بنيادي استفاده شدهذرات و شتابگرها در پژوهشگاه دانش ةر پژوهشكدز تجهيزات موجود دمطالعه ا

 
  

  ونيسرعت و طول عمر م ،يفوتون ةكنند ريلامپ تكث ك،يآشكارساز سوسوزن پلاست ،يهانيك يهاتابش :يد يكل يهاهواژ

  

  مقدمه .١

پرتابش ذرات  كيهاني  آن  (تقريباً  انرژي  هاي  درصد  را نود  ها 
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Technical notes

PMT glass window sensitivity to gamma-rays: A digital signal processing
approach
M. Ghahremani Gol a,<, M. Khakzad a, S. Jamili a, N. Ghal-Eh b,c
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A R T I C L E I N F O

Keywords:
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Time response
Digital pulse processing

A B S T R A C T

A digital data acquisition system together with MATLAB software for data analysis were utilised to measure
the pulse specification of the scintillation detector assembly. Besides, the sensitivity of a photomultiplier tube
(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.

1. Introduction

The PMTs are the most appropriate tools for detecting visible,
ultraviolet, and near-infrared radiations due to their high sensitivity,
low-noise and fast response, which are widely used in different appli-
cations ranging from particle and nuclear physics to astronomy and
space sciences [1]. In PMTs, the photons incident on the photocathode
are converted to electrons which are further accelerated toward the
first dynode before they are multiplied within the dynode chain whose
potential differences are maintained by an appropriate voltage-dividing
circuit [2].

Scintillation detectors are commonly used in various applications
and radiation fields, from radioactivity measurements and imaging
in industry and medicine to high-energy particle physics and astro-
physics experiments [3–8]. When an ionising radiation passes through
the scintillators, it interacts within the scintillator cell and produces
secondary-charged particles (e.g., electrons and protons as a result of
gamma-rays and neutrons, respectively), whose partial deposition ener-
gies are further converted to a flash of visible or near-visible light. Since
the scintillators are generally transparent to their own scintillation
photons, these so-called optical photons easily reach to photosensitive
region, the PMT, where they are converted to photoelectrons [1].

In a comprehensive work undertaken by Krall [9], it was observed
that there were excess light generations for the detector exposed to low-
energy gamma-rays and charged particles, for which the scintillation
within the PMT glass window was believed to be the main reason. The
scintillation in the PMT had been also confirmed by Anderson [10],
where several PMT types where examined with proton beam irradi-
ations. Moreover, the PMT glass window scintillation was studied by

< Corresponding author.
E-mail address: m.ghahremani@ipm.ir (M. Ghahremani Gol).

Bayat et al. [11] where they concluded that this effect was significant
especially in low-efficiency scintillation detectors.

The glass window scintillation basically put a limit on the use of
PMTs in some specific applications such as coincidence measurements,
time-of-flight studies and intrinsic efficiency assessment [12]. There-
fore, the discrimination of signals originating from the scintillator cell
from those associated with the glass window is an essential task to
undertake.

In general, the pulse-shape analysis of the PMT output signal pro-
vides unique information that can be used in energy sensitivity and
fast time response measurements as well as particle type identification
studies.

The time response of scintillators represent an exponential-decay
form involving fast and slow components. A typical plastic scintillator
time response is given in Eq. (1) [13], where N(t) and ⌧ are the
number of optical photons generated at time t and decay time constant,
respectively. f(�,t) represents a Gaussian with standard deviation �.

N(t) = N0f (�, t)exp(*t_⌧) (1)

The rise time of a scintillator pulse is usually very short whilst the
decay times may vary from one scintillator to another. The latter may
be used in pulse-shape discrimination (PSD) by incorporating appro-
priate circuitry in case of organic compounds, although some research
studies have identified the PSD properties of inorganics as well [14].

In the following section, the algorithm for the discrimination of the
plastic scintillator response from that of PMT glass window by digital
pulse-shape analysis is presented.
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Tow Modules: 
ATLAS  Forward Calorimeter

Each costing: $1m and 
weighting of 4 Tones

Forward Calorimeter

Liquid Argon Forward Calorimeter 
(LAr FCal)



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

• The matrix is made of Cu (FCAL1) or 
W (FCAL2 and FCAL3)

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

FCal Read-out Scheme

Liquid Argon gap
• 250 / 375 / 500 µ m

FCAL End View



Preamp Shaper Analog
Pipeline

FCal Readout 

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

Four (adjacent) groups are summed in the cold: 
Ø Provides adequate readout granularity
Ø Reduces need for feedthrough channels

Liquid 
Argon Gap

Tungsten Rod



Module Alignment During FCal Assembly

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

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



Detector calibration:  FCal
2003 Test Beam

• 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 ®

Electron linearity

Electron resolution

Pion resolution



Forward Calorimeter (Fcal)

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

Shipping to CERN

Assembly at CERN

Construction











Forward Neutron Calorimeter (FNC)



CMS

ATLASZEUS

Summary (1994-present)
(1994-1999) (1999-2009)

(2009-present)



Information

For more information see:

CERN   - http://public.web.cern.ch/public/

CMS     - http://cms.cern.ch/

IPM      - http://particles.ipm. ir/     




