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OUTLINE

C The ATLAS Detector & Calorimeter system at HL -LHC
C The HEC and cold electronics, expected radiation levels
C Proton & neutron tests and HEC electronics degradation
C Simulation algorithm & results

C Conclusions
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The ATLAS Detector at the-HHC

C One of two general purpose & Higgs discovery detectors at LHC

C The luminosity and the beam energy are important factors for discovery
potential

Upgrade plans for the LHC

d Phase O (2013-14)

Upgrade to design energy and
nominal luminosity
Ns=13-14TeV & L=1-10%cm™? sI]

O Phase 1 (~2018)

Increase of luminosity to
[L= (2-3) -10°7cm™ s7]

Q Phase 2 (~2022)

High-luminosity LHC (HL-LHC)
[L =(5-7)-10%"cm™ s]

Diameter: 22m

Q Detector characteristics
Muon Detectors Electromagnetic Calorimeters & | Width: 44m
7
| Weight: 7000t

Solenoid \ CERN AC - ATLAS V1997
\ Forward Calorimeters

End Cap Toroid
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Calorimeter system of the ATLRStector

The ATLAS calorimeters:

» Electromagnetic (EM) & hadronic (H)

= Covering |n|<4.9 region
* 40 Mhz bunch crossing rate

» Design energy resolution:

10% /VE + 0.7% for EM & ~50% /VE for H

LAr electromagnetic
end-cap (EMEC)
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barrel
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LAr electromagnetic &
end-cap (EMEC) ————— ¢

LAr electromagnetic
barrel

The Liquid Argon ( LAr ) calorimeter

system consists of: material:
A Electromagnetic barrel (EMB) Pb&LAr
A Electromagnetic end Zaps (EMEC)  Pb&LAr
A Hadronic End Zaps (HEC) Cu&LAr
A Forward calorimeter ( Fcal) Cu,W&Lar

There are 182468 read -out channels in the whole
LAr calorimeters
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The H

EC and cold electronics

Endcapcryostat

Coverage: 1.5<| E|<3.2

Signals are sent from read

> D> D>y D> D
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The Cu plates (thickness 25 mm & 50 mm)
4 wheels, 2 ineachend -cap
4x32 modules, 5632 readout channels

preamplifier and summing boards (PSBs)
We use GaAs FET technology
Electronics is located at the outer surface
of the wheel inside the cryostat

-out pads to the
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Expected radiation in the HEC InEHC

The plot shows simulated 1MeV equivalent neutron fluence in silicon (Si
NIEL) in the HEC under HL-LHC conditions after 3000 fb'! and with an
applied safety factor (SF) of 5 (expected to be smaller ) to account for
simulation uncertainties & incomplete simulati (in term of geometry) .

TWooo : tthe LHC L=10 3¢ cm' 31 &

1= L,.=1000fb -1 expected radiation level:
V 3.2x10 '?h cm-?for hadrons (>20MeV)

V SiNIEL 1.7x10 13 neqcm'2
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Recent comparisons of 2012 data and simulated radiation levels show very
good agreement.

SF should be revised soon thanks to the in situ radiation measurement

and the future improved simulation.

The simulation SF for NIEL will be reduced to ~2.

New simulations for the HEC area are being prepared.
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C Atthe HL -LHC L=5x10 3 cm' %' 1&

L, =3000fb -1 expected radiation level:
V 5.1x10 3h cm -2 for hadrons (>20MeV)
V Si NIEL 4.1x10 % neqcm'2

100

HL-LHC PSB SiNIEL (n/cnf) @ L

a
o




HiLumiexperiment atProtvino
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Setup of high intensity proton beams
at IHEP (Protvino )

HiLumi results:

A Beam & critical intensity at HV
of 1.2kV&L=10 3 cm'3% ljs
4.8 | 107 p/s & (1.8 N0.7) | 108
p/s respectively

A HEC is operated at HV of 1.8 kV
critical intensity ~4.0 | 108 p/s,
which is well above the HL -LHC
requirements
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Dependence of the HEC signal
(at 1.2 kV) on beam intensity.

The present design of HEC  will
allow a safe operation in a harsh

HI-LHC environment
[NIM. A669 (2012) 47 865]
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Proton irradiation at PSI

A narrow beam has been used to evaluate

the radiation hardness against hadrons
uptoa fluence of 2.6 101 p/cm T 2after
22.05 h of beam time.
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We used the Proton
Irradiation Facility at Paul
Scherrer Institute (PIF at
PSI) (Villigen , Switzerland )
with a 198.9 MeV proton
beam of 2.71 nA
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Neutron tests at NPl In |

Fast Neutron Facility at Nuclear Physics Institute (NPI) in s e hear Prague

AA 36 MeV proton beam (in the
cyclotron U -120 at NPI) was used
for the neutron beam production

AA D,O target was installed to
produce neutrons withE ;a2 1 4 Me V
mean energy

ANeutron flux upto 101! n/cm 2/s

AMaximum neutron energy of
~36MeV
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