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Introduction to CMS Experiment and its Electromagnetic
Calorimeter (ECAL) and Bulgarian Experience
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Kanopumetbp (ECAL) n npernep Ha 6barapckua onur
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UHCTUTYT NO CUICTEMHO HUHXEHEPCTBO U POBOTUKA-BAH e eauH oT
WHXXeHepHUTEe MHCTUTYTU Ha Bbarapcka akagemusa Ha Haykute,Codus.

Ha 01.07.2010 r. UCUP-BAH 6ewe oCHOBaH CbINIaCHO NpPenopbKaTa, OTNpPaBeHa
oT nposBegeHna EBponeckm ogut Ha BAH Ha ocHoBaTa Ha ABe MHOro BUCOKO
OL,eHEeHU Hay4YHU 3BeHa KaTto 6uswmna MHCTUTYT NO ynpaBaeHUe n CUCTEMHU
uscneasaHua (MYCHU - BAH) n 6uswara LeHTpanHa nabopatopua no
MeXaTpOoHUKa U npubopoctpoeHe (LU/IMMN-BAH) n 6ewe HapeueH:

“UHcTuTyT No poboTtuka (MCUP-BAH)” ot 2017 r.

ALIPEC:
yn. “Axkaa.l.boHuyeB” 61.2
1113 Sofia/ Bulgaria
http://www.bas.bg/cIlmi/
http://www.bas.bg/ir/

HauunoHanHa yuntencka nporpama 3a KeaamduKauma Ha uHxeHepu u IT cneumanucTv - nepgarosm

XeHeBa, 15-21.10.2017 r.



MpnHoCcK H paboTtaTa Ha

| Outer Cooling Circuit

1B Inner Cooling Circuit

Yyactue B cb3paBaHe Ha:

Hadron Calorimeter

e Electronic integration of all 144

modules

e Design and production of HV system,
including control and monitoring system

‘ Muon Detector

TEC (Time Expansion Chamber)
e Participation in construction
e Mechatronics of Central Tracking cabling

TexHUYeCKa noaapbXKKa No Bpeme Ha

eKCnoaTaumMATa Ha L3 detector All act|V|t|§s were carried ogt in the fr:;.\mework o.f a
collaboration agreement with the Institute for High

Energy Physics of ETH Zurich

HauyuoHanHa yyuTencCKka nporpama 3a KBaﬂMd)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.
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Dimensions
[N

Radius of
Galaxies

LHC (CERN)
Resolution < 10-'®cm

Proton-proton collider in 27 km tunnel
100 meter under ground

CMS at LHC
Weight: 12500 t
Length: 21.5 m
Diameter: 15 m
Magnetic field: 4 T

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaLI,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHesa 15-21.10.2017 r.



Low B (pp)
High Luminosity

High Luminosity

HauuoHanHa yyuTencCkKa nporpama 3a KBaI'IMd)MKaI.IMH Ha UHXeHepUu un IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.



Compact Muon Solenoid

vacuum chamber

central detector

electromagnetic
calorimeter

‘ % G hadronic
\,FT TN 4 S calorimeter

muo ‘ Target = high resolution ECAL
AE/E ~ 0.5% for E > 100 GeV

stics

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

CMS, bbnrapua B CMS

UANUSE - BAH

CY K. Oxpuacku*,
Dduzudecku p-rTer.

UCHUP - BAH (IIVIMII-BAH)
0000 (upe3 ETH, Ilopux)

HauuoHanHa yuntencka nporpama 3a KBaI'IMd)MKaLlMﬂ Ha UHXeHepu un T cneuyunanunctu
- neaparosun

XeHeBa, 15-21.10.2017 r.
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42 cTtpaHu, 182 UHcTuTyTa, 2680 yyeHun, 891 ctyaeHTH

31 Nations, 150 Institutions, 1870 Scientists

TRACKER CMS petekTop

TRIGGER & DATA Austria, Belgium, CERN, Finland, France,

ACQUISITION L
Austria, CERN, Finland, France, Greece, Germany. lialy. Jepar’, Swhzerian 55}%5%41. ECAL
Hungary, ltaly, Korea, Poland, Belarus, CERMN, China, Croatia, Cyprus, France, Italy, Japan®,

Portugal, Switzeriand, UK, USA ; = Portugal, Russia, Switzeriand, UK, USA
i |#§‘ i‘

.-ll“\,. !"&\v}ir.’ e H

— PRESHOWER

Armenia, Belarus, CERN, Greece,
India, Russia, Taiwan (PC),
Uzbekistan

RETURN YOKE
Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA

SUPERCONDUCTING
MAGNET
Al countries in CM3 contribute
1o Magnet financing in particular: / N
Finland, France, Italy, Japan®, EET _ FORWARD
Korea, Switzerland, USA Py, " CALORIMETER
ina Hungary, Iran, Russia, Turkey, USA
oy 5 SA MUON CHAMBERS
Barred: Bulgaria, India, Spain®, U
Total weight : 12500 T Endcap: Eleglaalus, Bulgariz. Russia, Ukraine Barel: Austria, Bulgaria, CERN, China,
Overall diameter : 150 m HO: India Germany, Hungary, Naly, Spain,
Overall length 215 m Endcap: Belarus, Bulgaria, Ching, * Only through
Magnetic field : 4 Tesla Korea, Pakistan, Russia, USA industrial contracts

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.



Compact Muon Solenoid

VERY FORWARD

CALONIME T , i | W
W A - l
-'--.,__ -

L

] SUPERCONDUCTING COIL J
Total Weight

o 3iRbo L | RETURN YOKE |
Overall diameter : 14.60 m
Overall length : 2160 m
Magnetic field : 4 Tesla
Fig. 1.1: Three-dimensional view of the CMS detector.

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.




HanpeudeH pa3pe3 Ha
CMS Experiment Ha CERN

§5 ¢ BEE G §
33 3 W T [

HauuoHanHa yumtencka nporpama 3a KBal'IMd)MKaUMﬂ Ha UHXXeHepu u IT cneynanucTu - negarosum

MeHeBa, 15-21.10.2017 r.



Status CMS operational detectors

Sub-detector No. of ch. Working (%)
Pixels 66x108 98.6 (+...)
Silicon strip detector SasbiliE 98.3 (+0.6%7?)
ECAL PbWO, calorimeter 7.58x10° 2L

ECAL ES 1.37x10°5 89.95

HCAL HB (HO) calorimeter 2592 (2160) 100 (99.1)
HCAL HE calorimeter 2592 100
HCAL HF calorimeter 1728 100

Muon DTs s i 99.6

Muon CSC (CFEB) 2.18x10° 99.3

Muon RPC RB (RE) 8.3(4.1)x10*  99.7 (99.5%)

CMS comprises 66M pixel channels, ~ 9.3M Si microstrip ch, ~76k crystals, 150k
Si preshower ch, ~15k HCAL ch, 250 DT chambers (170k wires), 450 CSC
chambers (~200k wires), 480 Barrel RPCs and 432 endcap RPCs, muon and
calorimeter trigger system, 50 kHz DAQ system (~ 10k CPU cores), Grid
Computing (~ 50k cores), offline (> 2M lines of source code).

HauyuoHanHa yyuTenCKa nporpama 3a KBaHM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosm

MeHeBa, 15-21.10.2017 r.
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XeHeBa, 15-21.10.2017 r.
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HauuoHanHa yuyuTenCKa nporpama 3a KBaI'IVId)VIKaLI,VIﬂ Ha MHXXeHepUu n IT cneunanuctu - negarosu

XeHeBa, 15-21.10.2017 r.



HauuMoHanHa yuntencka nporpama 3a KBaandukauma Ha uHKeHepu u IT cneunanuctu - neaarosm

MeHesa, 15-21.10.2017 r.



The Electromagnetic
Calorimeter
in
CMS Experiment of CERN

HauuoHanHa yumtencka nporpama 3a KBal'IMd)MKaIJMﬂ Ha UHXXeHepu u IT cneynanucTu - negarosum

MeHeBa, 15-21.10.2017 r.
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HauuoHanHa yyuTencCKa nporpama 3a KBanMd)VIKaLI,VIH Ha MHXXeHepu n IT cneunanuctTu - negarosu

eHeBa, 15-21.10.2017 r.



61°200

barrel J

crystals

35mM
14’648
endcap
crystals
Supermodul

HauuoHanHa yyuTencCkKa nporpama 3a KBaI'IMd)MKaI.IMH Ha UHXeHepUu un IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.



YCTPOWUCTBO TPOMATHUTHUA

ETHP

Barrel End Caps ‘ Preshower

e 61200 crystals e 14648 crystals e Pb/Si

* 36 super modules * 4 Dees *1.65<|n|<2.6
e |n|<1.48 *1.48<|n|<3 *3X,

e~ 26X, *~ 25X,

Lead Tungstate crystals (PBWo4)
Fast scintillation: 80% of the light collected in 25 ns

HauunoHanHa yuntencka nporpama 3a KBaimpuKauma Ha MHXKeHepu 1 IT cneumanucTm - neparosm

XeHesa, 15-21.10.2017 r.



BAH

kpuctanm

PbWO,

HauuoHanHa yyuTencCkKa nporpama 3a KBanMd)VIKaLI,VIH Ha UHXXeHepUu n IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

KPUCTAIU

E = 280 GeV
olE = 0.45% L
100 |

Lead Tungstate crystals (PBWo4) 3 Itﬁ
XapaKTepucTuKa: : |
* Fast scintillation: . | |
*80% of the light collected in 25 ns [ 1
e Radiation length: 0.89 cm ___; t
 Moliere radius :2.19cm Eg's"""“"""";léf"""H’%“a'g"""":»95

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHeBa, 15-21.10.2017 r.



CERN Labo 27 EP-CMA
22 june 99-7

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHeBa, 15-21.10.2017 r.



UHCTUT TUKA - BAH

~
~

4 “Dees” of 156 SCs each

e Installation and all tests of all 4 Dees
completed just before closing LHC
tunnel for the first beam test on 12
September 2008

HauunoHanHa yuntencka nporpama 3a KBaimpuKauma Ha MHKeHepu U IT cneumanucTm - neparosm

XeHesa, 15-21.10.2017 r.
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Fig. 4.4: The layout of the barrel and endcap PbWOy electromagnetic calorimeter.

—  _t . €2l DWmweal Calarimotor

NMpoeKT Ha HanpaBaeHuata Ha Kpuctaaute B BARREL n END CAPS B ECAL

1860
1750
1710
1440
1310

HauuoHanHa yyuTencCkKa nporpama 3a KBal'IVId)VIKaI.I,Mﬂ Ha UHXXeHepUu n IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.
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Back Plate
Hssemblg

Intermediate Plate

Border Plste
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CPHSLBL Hr‘r‘as Phl Sm’e WaLL
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Front eta Wall /

not shown

Fig. 4.6: An exploded view of a basket and the details of the rail system.
A thin air gap must be maintained between the side faces of the crystals to allow for

MpoeKT Ha KOHCTPYKUMATA HA “KowHuuya” 3a pa3nonaraHeTo Ha Kpuctanute B8 ECAL

HauuoHanHa yyuTencCka nporpama 3a KBanMdWIKaLIMH Ha UHXXeHepUu n IT cneynanuctTu - negarosu

eHeBa, 15-21.10.2017 r.
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AnseoneH moayn Moayn tTun “KowHnuya” Cynep mogyn

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaLI,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.



UHCTUT UKA - BAH

MOoHTaK, HaCTPOMKA U TeCTBAHE Ha Cynepmogyn
B 1abopaTtopHMU ycnoBus

HauunoHanHa yuntencka nporpama 3a KBaimpuKauma Ha MHXKeHepu 1 IT cneumanucTm - neparosm

XeHeBa, 15-21.10.2017 r.
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teel in which the rim is kept stable by the tension

in the spokes. A similar concept was used for the
1struction of the L3 electromagnetic calorimeter.

Aluminium Back Plate
Border Frame Iintermediate Central
Plate

glued to Walis Frame
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Fig. 4.5: The longitudinal cut of a basket showing how the crystals are held
by the pressing mechanism.
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lNMpoeKT Ha pa3nosioXKeHne Ha KPUCTAZIMTE U HAYUH Ha 3aKpenBaHeTto um B ECAL

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.
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ludes the ADC.
To counting
CAPSULE FERMI Board room
I/F to Trigger
FE Fiber Optic Links
Pb WO4 VFE (ADC)
I/F to DAQ
Pre-Shower
Photodetector
To counting
room
FE Mux I/F to DAQ

Fig. 4.10: The schematic organisation of the ECAL electronics. The geographic location of the
various elements is also indicated.

Cxema Ha eneKTPOHMUKaATa Ha npeaHuAa Kpain Ha ECAL,CMS

HauuoHanHa yyuTencCKa nporpama 3a KBanMdWIKaLIMH Ha UHXXeHepUu n IT cneynanuctTu - negarosu

MeHeBa, 15-21.10.2017 r.



BULGARIAN

AcADEMY

(OF SCIENCES

VFE card

Lead-Tungstate crystals FE card
The ECAL readout
[ FENIX .
electronics
GOH
S RS
A W
\< 6 e SR VFE card
APDs/VPTs ; Trigger Data —— e
MGPA Buffer

AD4124DCCU Clock & Control

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.



BAH

TOUr IIgial layels, SUppuolits Ao, CULILPOILICILS, HITErCOIUeCctions ana moransImnission 1mes.

System System Level 1 Write
clock commands Trigger address
Local Digital aﬁgraedss Readout Pointers
controller filters controller and control
1
Clocks Commands 5
Digital
) fiters MPX. el
| ] | S
] | out

=, o injection
Analog o- 5 .
inputs |
>$— ADCI—-

Fig. 4.13: Overview of FERMI.
Input signals, with a dynamic range of 16 bits, are compressed and digitised at sampling frequencies
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Cxema Ha eNeKTPOHUKaTa 3a popMUpaHe HA AaHHUTE HA
ECAL,CMS

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaLI,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.
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COLLISION RATE

100 kHz
LEVEL-1 TRIGGER

1 Terabit/s
(50000 DATA CHANNELS)

500 Gigabit/s

Gigabit/s SERVICE LAN [Computing services

16 Million channels
3 Gigacell buffers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS
500 Readout memories

EVENT BUILDER. Alarge switching

network (512+512 ports) with a total throughput of
approximately 500 Gbit/s forms the interconnection
between the sources (Readout Dual Port Memory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event filters and distributes event buiiding commands
(read/clear) to RDPMs

5 TeralPS
EVENT FILTER. it consists of a set of high

performance commercial processors organized into many
farms convenient for on-line and off-line applications.
The farm architecture is such that a single CPU

processes one event
Petabyte ARCHIVE

HauuoHanHa yyuTencCkKa nporpama 3a KBaI'IMd)MKaI.IMH Ha UHXeHepUu un IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.




KA - BAH

Very Front End Electronics

digitize once every 25 ns the energy in all crystals

ENC: 8000e- gain 6, 12
MGPA \ :
ENC: 28000e- gain 1
ADC - 2
Noise: ~40 MeV (g12)
LVDS_Rx ADC: 12 bit (ENOB 10.9), 40 MHz

HauuoHanHa yyuTencCkKa nporpama 3a KBaﬂMd)VIKaLI,VIﬂ Ha UHXXeHepUu n IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.



Energy Resolution
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HauyuoHanHa yyuTenCKa nporpama 3a KBaHM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

XeHeBa, 15-21.10.2017 r.




UHCTUTYT NO POBOTUKA - BAH

3.8TeV Cvbutue

| TOB_StoN_Run108878 |
£ 25000
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HauuoHanHa yuntencka nporpama 3a KBaandpuKauma Ha MHXKeHepu u IT cneymannctm - neaarosm

HeHesa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

Adjust table row

MpoToH — NnpoToH B3aumopgeicreue B CMS

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHeBa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

Cubourue

CMS Experiment at the LHC, CERN

CMS ~ 100 MunuoHa KaHana

uudpoBa Kamepa ~ 6 MUnNMoHa nukcena, Ho CMS npaBu “uucpoBa
cHuMKa” 40 MunmMoHa NbTU B ceKyHAaa !!

HauunoHanHa yuutencKka nporpama 3a KBaampuKauma Ha MHXKeHepu u IT cneymannctm - negarosm

XeHesa, 15-21.10.2017 r.



CIMIS Detector at LHC

Electronics Integration of the CMS Electromagnetic
Calorimeter
(W. Lustermann)

Bonding of TEC modules for the Silicon Strip Detector
(W. Lustermann, K. Freudenreich)

Participation with CAD experts in the Engineering and
Integration Center of CMS
(G. Faber, A. Ball)

Work on the CMS Equipment Management Database
(G. Faber, A. Ball)

Like for L3, all activities in CMS are carried out in the framework of a collaboration agreement with the
Institute for High Energy Physics of ETH Zurich.

HauyuoHanHa yyuTenCKa nporpama 3a KBaIIM(I)MKaU,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

eHeBa, 15-21.10.2017 r.



Yyactue B AHTEFPUNPAHETO Ha ENIEKTPOHUKATA B
CMS Electromagnetic Calorimeter

Preparation of the infrastructure and of the
integration stands in the ECAL integration center.

Construction of an ECAL Single Trigger Tower test
stand.

During 2006 and 2007 participation in the ECAL
barrel electronics integration and commissioning
effort.

ECAL Cable production.

Coordination: W. Lustermann (ETH Zurich)

ISER—BAS participants: R.Zahariev, S. Stoenchev, E. Petrov, K. Stanishev, K. Zagurski, A. Hristov,
M. Peynekov, G. Georgiev, D.Lichkov

HauyuoHanHa yyuTenCKa nporpama 3a KBaI'IM(I)MKaLI,Mﬂ Ha UHXeHepUu n IT cneunanuctu - negarosu

MeHeBa, 15-21.10.2017 r.
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ot

Cables rooting for

wheel "0", minus Cable rooting design

side

Design of the cable tray cooling
Measurement device design
Tower for observation and service
Coordination:

G. Faber (ETH Zurich)
A. Ball (CERN)

oA by Dl ISER—BAS participants: J. Beniozev,
P. Atanasov, K. Mihovski

HauuoHanHa yyuTencCkKa nporpama 3a KBanMdWIKaLIMH Ha UHXXeHepUu n IT cneynanuctTu - negarosu

eHeBa, 15-21.10.2017 r.



HUAAKKMDHT Ha
KUNMWPOBKATA

<

CMS SUBSYSTEMS

Expand All ] Collapse All
ﬁ (CJCMS EXPERIMENT

ﬂ. (UXC5 EXPERIMENTAL CAVERN

L DETECTOR
ZONE X0 TRENCH
ZONE X1CAVERN FLOOR
ZoNE xz@az and COOLING
70N X3 SURVEY
70ME X4 E| ECTRICAL RACKS
70N X5 CRYOGENICS
§ (IUSC5 AUXILIARY CAVERN
§ £ CouNTING RoOM
t ZONE $1LOWERFLOOR
ZONE S2UPPERFLOOR
§ (1 SERVICE CAVERN
t ZONE $3LOWER FLOOR
ZONE $4UPPERFLOOR
§ C35C¥5 CONTROL ROOM
| Fzone ctcrounp FLooR

ISER—BAS participates in
development of the new CMS
Equipment Management
Database including an easy to
use WEB interface.

This Database will collect all
information about the
equipment, installed in the CMS
detector.

Coordination:

| G. Faber (ETH Zurich)

A. Ball (CERN)

HOME | SVAPN:301 RIS~ INB BARCODES < DATA EDITOR

DATA BROWSER HOME

» PLEASE, SELECT SUBSYSTEM TO VIEW THE CORRESPONDING EQUIPMENT.,

ISER—BAS participant:
- D. Uzunova,

<

F.Georgieva -TU Sofia

HaunoHanHa yyuTencCKa nporpama 3a KBanMd)VIKaLI,VIH Ha MHXXeHepUu n IT cneynanuctTu - negarosu

eHeBa, 15-21.10.2017 r.



G. Petrov, V. Alexandrov
(2 FTEs for 3 years))

Bonded and tested 1091 TEC modules

(4 different geometries) o
Coordination: W. Lustermann and

K. Freudenreich
(ETH Zurich)

HauynoHanHa yuutencka nporpama 3a KBaI'IM(I)MKaU,Mﬂ Ha UHXXeHepu u IT cneunanmucTu - negarosu

eHeBa, 15-21.10.2017 r.



UHCTUTYT OTUKA - BAH

fpyna yuyactHuuum ot UCUP-BAH, c konerun ot UHCTUTYTA 3a agpeHn nscnegsaHua — bAH,
u ETH-Zurich, 3aegHo c poaiteHa Ha 6barapckara rpyna npodg. botbo betes

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHeBa, 15-21.10.2017 r.



CbcroaHMe Ha Barrel cnep nonpaska Ha LV Kabenwm

Start runs in 2009: Pedestal RMS, Gain 12 (ADC Counts)

1.5
1.4
1.3

e
-85 20

0

0.8

0 220 240 260 280 300 320 340 360

20 40 60 80 100 120 140 160 180

60934 o1 61200 (99.57 %) Very Front End channels CAS)AKTMBHM!

HauynoHanHa yuMtencka nporpama 3a KBaI'IM(I)MKaU,VIﬂ Ha UHXXeHepu u IT cneynanmucTm - negarosun
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UHCTUTYT NO POBOTUKA - BAH

Debris from particles hitting the collimator blocks were detected in the calorimeters and muon chambers.

o i &

The first beams were circulated successfully on 10 September 2008

HauuoHanHa yuntencka nporpama 3a KBaandpuKauma Ha MHXKeHepu u IT cneymannctm - negarosm

HeHeBa 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

U3BOoAU U 3aKNIOHYEHUA:

*MOHTaa, HaCTPoOMKaTa U TeCTBAaHETO Ha e/IeKTPOHMKATA Ha
BCMUYKK 36 cynep moayna (61200 KaHana) Ha ECAL e
3aBbplueHa B 6210k 867 npes tonu 2007 r. ycnewHo.

*UHcTanupaHeTo Ha bapena Ha ECAL n tectBaHeTo my B “TouKa
5” Ha yckoputens e 3asbpLueHo gekempu 2007 r. ycnewHo.

*HCTanupaHeTo 1 TeCTBAaHETO Ha KpalHuTe wanku Ha ECAL, 4
yactn (14568 KaHana) B 610K 867 3aBbpLuBsa npes onm 2008 r.
yCrneLuHo.

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHesa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

U3Boau 3a coctoAaHUeTo Ha ECAL

UHCTannpaHeTo u TeCTBaHETO Ha KpauHUTe Wanku 4 yactm
(14568 kKaHana) B TOUKa 5 Ha YCKOpUTENA OKOHYATE/IHO
3aBbpLuBa npes centemspu 2008 r. ycnewHo.

B nbpBoHavyanHute tectose Ha CMS, ECAL ce BKAlouBa
ycnewHo ot centemBpu o Hoemspu 2008 r.

OT Hayanoto Ha 2009 r. go cera ECAL pabotn 6e30TKasHo,
KaTo HeroBaTta poss ce OKa3Ba onpeaensauia npu
cnepBalUTE EKCNEPUMEHTH, 3aBBPLUUU C TONIAM YCNeX.

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - nepgarosm

XeHeBa, 15-21.10.2017 r.



UHCTUTYT NO POBOTUKA - BAH

B/IATOOAPHOCTMU:

- Ha MuHucTepcTBOTO Ha 06pPa3oBaHMeETO U HayKaTa Ha P. Bbarapma 1 Ha
Aunpekuna “Keanndpukauma n KapmepHo passutme” Kbm Hero 3a
opraHm3saumaTa Ha HauynmoHanHata yumtencka nporpama 3a
KBannpuKaumua Ha uHKeHepu u IT cneynannctn — neparosu.

- Ha O6pasoBatenHarta rpyna Kbm CERN 3a noaapb)KKaTa, KOATO OKasa
Ha opraHusupaHeTo Ha HauMoHanHaTa yuMTencka nporpama.

BNATOAAPA 3A BHUMAHUETO!

HauunoHanHa yuntencka nporpama 3a KBaamduKauma Ha uHxKeHepu u IT cneymanucTm - neparosm

XeHeBa, 15-21.10.2017 r.



