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LHC Upgrade Path — Part 1

R. Bailey ICHEP2010
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LHC Upgrade Path— Part 2

2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | etc.

! - dates are indicative!

400-600 fb'1> Ijcrease Beam Energy
to 16.5 TeV

R. Bailey
ICHEP2010

New interaction region
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in each upgrade phase the detectors must be prepared for the optimistic luminosity scenario

total luminosities of ~400 pbt and 3000 pb! — total dose effects
peak luminosities L= 2 x 10%* cm2s! and 5 x 103* cm2s! — rate/occupancy effects

all upgrade options, in particular for phase 2, should be motivated by physics performance
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ATLAS — Calorimeter Upgrade Plans

consolidation phase (2011-2012):

» replacement of non-reliable electronics on the detector (low-voltage power supplies, optical

transceivers, slow-control boards)

« improve accessibility of electronics (hadronic endcap)

1st upgrade phase (2016) /

2"d ypgrade phase (2020): Muon Detectors

Tile Calorimeter

free-running readout
electronics for LAr and Tile
calorimeters

new digital L1 Calorimeter
trigger electronics

possible replacement of HCAL
cold electronics '

possibly new diamond-Cu
sampling forward calorimeter
(MiniFCal) or

new forward LAr-Cu
calorimeter (sFCall)

Toroid Magnets

Upgrading LHC Calorimeters -

\\

Arno Straessner

Liquid Argon Calorimeter
L

Solenoid Magnet

| =

-:-—s'-T- 4
Ny W /
'?‘D——* —‘Y/ﬁ-' -J-

SCT Tracker Pixel Detector TRT Tracker



PHYSICS
ATTHE

Helmholtz Alliance.

CMS — Calorimeter Upgrade Plans

* phase 0 (2012):

- phase 1 (2016): CMS DetECtor f s 1 '

Pixels
Tracker
ECAL
HCAL
Solenoid

Muons

ZERO-DEGREE

o phase 2 (2020): CALORIMETER

Total weight
Overall diameter
Overall length
Magnetic field

* trigger/DAQ system
upgrade
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ATLAS Current FCal

Feed-throughs and front-end crates

LAr gap
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Electromagnetic end-cap calorimeter 2000000 Y
48 1 80 00000000c oo opooo oo 5
3 sections: FCal 1/2/3 50 1 60 A
« FCall: Cu absorber, LAr active material AL
— e.m. showers 40 Beam e
. - pipe

+ FCal2/3: W+LAr — hadronic showers _ 0O
20 Warm o]0
wall OOO

° - - 0 B *
detector concept: o I~ eams Super- 00

 absorber matrix with hollow tubes glsﬁation
- inside: precision metal rod fixed with fibre wall

« gap sizes: 269 um (FCall) 376/508 uym (FCal2/3)
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Limitations of Current FCal

* current FCall will work properly up to luminosities of 1x1034 cm-?s1
 the FCall will however not work efficiently above ~3x1034 cm-2s-1
* reasons:
* positive Ar ion buildup leads to field distortion and to signal distortion

 high HV currents lead to voltage drop
 heating of LAr and boiling (only at very high luminosities — additional LN, cooling)

- all effects related to particle rate ~peak luminosity

1x10* 3x10* 6x10* 1x 10%

0066
0000

acceptable =|

Electrode at luminosityand HV of
510 gm2s | 250\
110 em?Zs' | 190 V
310 em2s? | 117 V
B
1

T 1 /Lr'll

A Em 2§ TS
10 gm2s1! 46V

Relative Current

degraded
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ATLAS sFCal

 solution 1: smaller LAr gaps reduce ion build-up effects and HV drop
* build new sFCal (Cu/LAr) calorimeter with 100 um gaps instead of 250 ym to replace FCall
* test beam measurement of pulse shapes in Protvino/Russia with a high-intensity proton beam

[ by E :
gfmoo_— «  Spill
= c — Non-'inear fit
& 50000
Cooling loop @ C I
E | ~10* LHC
%, 40000 i : it
Copper absorber matrix T oo - Lumi .
s | I F. Seifert,
S 30000
Tube with rod and signal pin ;’ C : ' TU DreSden
. I 2m00:_ I Ié “ o “I;“ -
Tube with rod taken out E JINST 5 (2010)
c | P05005
1muo'__ E. " e
- |
o% 1 ;7 L 1 ' IV q L 1 1 L | 1 L L 1 | L 1 1 L L L 1 L J 1 L L 1
0 1000 2000 3000 4000 5000 6000

Beam intensity [protons*10%/spill]

* in FCal test module with 250 ym gaps:
« HV current proportional to beam intensity up to 6x10° p/spill — no strong ion build-up effect
— 6x1034 cm=2st at inner FCall radius
* in electromagnetic endcap (EMEC) test module:
« non-linear behaviour observed above critical intensity of ~108 p/spill — ion-build up effects
« more understanding of ion-build-up effects needed
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ATLAS MiniFCal

» new sFCal would require an opening of the endcap cryostat
« very difficult and risky operation
« components will be activated — requires additional safety measures during module extraction
 only performed if new front-end electronics for the hadronic endcap calorimeter is needed

* solution 2: new MiniFCal in front of current FCal — in front of endcap cryostat

MiniFCal
front-end
electronics

MiniFCal E
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ATLAS MiniFCal

technology: Cu absorbers and diamond detector disks
neutron flux ~5 x 1017 n/cm?2 (10 yr HL-LHC)

12 Cu disks and 11 detector planes

18.8 radiation lengths, sampling fraction 0.005
~5000 diamond pixels 1cm x 1cm

— geometry, shape and ganging to be optimized

absorption in Cu disks reduces energy
deposit in FCall by 45%

voltage drop in FCal less than 50 V

for radius>11 cm

— only 3% of FCal affected by HV-drop

tested

‘YW-&MM Diemond-Loaded Thermal Interface Compounds 9 Nov. 09 .I.AM!slB
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PCVD diamond sensors are being tested in
test beams, e.g. at TRIUMF (Canada):
delivers >1017 protons/cm?in 10 days

signal characteristics and radiation tolerance

thicknesses between 200 ym and 800 uym are

3 different quality grades are available
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7= Motivation for Upgrade of Read-out Electronics

perform as expected

electronics

improve current read-out electronics where it does not

exploit high detector granularity as input to trigger

main reasons: reduce pile-up background by taking
finer detector details into account, e.g.
* better isolation of leptons from hadronic jets
 sharper trigger threshold for hadronic jets

« go for free-running read-out scheme g ;
— improve on read-out speed and increase bandwidth %

- 0.8

 improve radiation tolerance 06

0.4

« ageing of electronic components

 current electronics will run for >10 years by 2020 0.2
* not much experience in HEP community for such

long operational time

10 x 10%* cm2st

L T T T T T T T T T T T T T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T \_
r R S A
- i . . .
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CMS: Anomalous Signals in Calorimeters

* in collision data, CMS observes anomalous signals in ECAL and HCAL (now reproduced in

simulation and taken into account/corrected in data analysis)

ECAL

=Appear mostly in a single crystal
=|n time with collisions but with
wider time-spread (also occur in
cosmics at a much lower rate)

APDs by highly ionising secondar

G. Tonelli ICHEP2010

HCAL: HB.HE HCAL: HF
Et[GeV] i %
- Fiber
Bundles

0 50 100 150 200 250 h

=sAppear in 1-72 channels _ _ ~ x.mm
=Random. low rate =|n time with collisions

~ 10-20 Hz (E>20 GeV) =Caused by CV light by

[- Caused by ion feedback,

] particles going through
S)

noise & discharges in HPDs) \PMT glass

ECaused mostly by deposits in

artictes:

G. Tonelll, CERN/ANFN/UNIPI

Upgrading LHC Calorimeters
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Near Future Upgrade Plans for CMS HCAL

. ) ) HO ngZ Ringl Ring0
Beginning of 2009 i s 87 s e

HAI HO

 Replaced HPD’s with SiPM in HO 2 | \ r\\\
readout boxes,~150 channels) MA\C’fT\C?L\ HCAL readout module

4 fibers per tile

—> good operation experiences
Next Stop: 2012 (?) :

* Replace HPD’s in HO Ring 1,2 2
project approved by CMS and underway !

16

» Approval procedure for Ring O under way it

= T

HO2P12: (12,60,4) SIPM Energy distribution {. SiFW Energy
-

19 pixel
diode

[ HO §ta=9,phi=4 fC, run 28294 ]/

* Funding from Landes-Excellence Cluster between DESY and
University of Hamburg available for HO Ring 0.
» Collaborative effort by DESY, ITEP in Moscow and RWTH Aachen

Information provided by K. Borras
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Phase-1 Upgrade Plans for HCAL

Next Stop: 2016
under discussion: 0 9 8§ 7 65 4 3 11

e Replace all HPD's with SiPM \ : : E ;HCA'“ o L\

I o | NN
e Increase longitudinal segmentation MAGNET COIL
18 > 48/64 in HB & HE (4x) AR R

in HF only 2x 16
e additional TDC measurement

improves timing and lepton ID 0 NS e
e Improvements in the readout 2 HCAL - HB 0

electronics Front-End (new chips) ; ’?

and Back-end (p-TCA) ;

1| HCAL

e Changes in the trigger 7 i

(new electronics, granularity x12)
16 0

Even farther in the future: very high Lumi 2020/22(?)
e Replace front HE at high n with Quartz-plates or Thick GEM

Information provided by K. Borras
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Possible Contributions to HCAL Barrel Upgrade

uuuuuuu itz Alliance

Depending on approval of third party funding (decision by beginning 15
of November).

If approved, contribute to

e SiPM : choice of sensor, operation and integration aspects
— synergy with CALICE experience at linear collider

e new Back End (uTCA) electronics

— synergy with CALICE and XFEL

e Finer granularity - weighting algorithms for energy reconstruction
studied with stand-alone Monte Carlo

- better resolution & linearity
- implementation in CMS software and further optimization

— 30 1.1
2 —s— before weighting -E
w = gfter weighting w
= —, 1051
2 : more rubust to pile-up:
& w 107§ All Layers : Excluding Layer 0,1
= 1 —— 1 Pileup Event . 1 Pileup Event
é Al 20 Pileup Events 1ot 20 Pileup Events
- L ~—— 40 Pileup Events ~—— 40 Pileup Events
—e— before weighting i
| ) . . v after weighting 10% ., ‘ ,°~!cl11’
% 700 200 300 0.9 50 100 150 200 ; L JL]_ ' m
Ebeam [GBV] Ebeam [GEV] 'U‘r
. . 10‘{ | 107 hh‘
(Matthias Stein, DESY) Hﬂ" }ﬂﬁ]
107 “ 10°F ﬂk |
Y ML I
0 2 a ; 10 0 2 Ja'[ 6 8 10
Ersus Erses

Information provided by K. Borras
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CMS forward HCAL (HF)

/- R * muons which hit phototube window create
CMS high energy signals in forward HCAL
central detector . R7600U-200-M4

|

* replace HF phototubes:

*thinner window (<1 mm) ZZ‘:;?;‘ AT
il -better shielding (metal envelope)
Interaction Point ™ Jrorem T2 «4-way segmented anodes to reject muons
SEEECIO hitting PMT window
*HF detector: steel absorber structure !
- active medium: SRS S
-quartz fibers: fused-silica core and polymer WO -
hard-cladding ::;" f’;::
*Cherenkov light from quartz fibers is practically i,
insensitive to neutrons and to activation noise F A After Selection
L\ Entries 6035
— fluorine-doped silica cladding more radiation 1 .
tolerant, replacement considered e B
EA?_Iél)(II:Z 2010
« for phase-2 (>2020): |H I \
* maybe complete replacement incl. absorber il 1,

 — Forward Calorimeter Upgrade Task Force Charge (IC)

(ECAL + HCAL) Upgrading LHC Calorimeters - Arno Straessner 17



Upgrade for the CMS CASTOR Calorimeter

Information provided by K. Borras

Upgrading LHC Calorimeters -

Reminder: high magnetic stray field

—~>needed to change the type of PMT
almost on the spot

- re-cycled fine-mesh PMT s of the
SPACAL Calorimeter of the H1
Experiment

- working & physics goals reachable

SPACAL PMT's not radiation hard
- problem for luminosity > 2012

- need to change PMT’s in 2012 to
radiation hard version (very
expensive)

- contributions by Turkey, Brazil and
newly approved Helmholtz Young
Investigator Group in Karlsruhe for
Pierre Auger & CASTOR: high
energetic cosmic ray & forward
hadron flow at LHC (model tuning)
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The ATLAS Calorimeter Electronics

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

* 4 high granularity LAr calorimeters

* 182486 readout channels " e L . e & Ry

« front-end and trigger-sum electronics
* 1524 front_-end bo_ards (FEB) Toroid Mc‘gnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
— on-detector in radiation environment
» back-end electronics and more trigger logic
» 192 read-out driver boards (ROD)
— shielded counting room

Upgrading LHC Calorimeters - Arno Straessner 19



mounted inside the cryostat

« ASIC for preamplifier and summing of trigger signals in
GaAs 1um technology

» 0.2 x 10 n,,/cm? expected for 10 years at nominal LHC
luminosity (~1000 fb1)

- signal amplitude degrades at ~3 x 104 n,,/cm?

 could be at the margin for HL-LHC ( +ageing ! )

-
o

o
©

amplitude ratio

detector:capacitance (at ;nﬁdt) :

e
o

0.7 || e Cd=100pF | = " ¢~
s = Cd =220 pF
s Cl = 330 pF

0'16013 2 3 4 5 67 81014 2 3 4 5 67 81015
neutron fluence [n/cm?]
 candidate technologies:

ATLAS LAr Hadronic Endcap Electronics

« front-end electronics of ATLAS Hadronic Endcap (HEC) is

HEC wheel with.preamplifier
and summing boards (PSB)

« if HEC electronics must be replaced
— cryostat must be opened
— very delicate and long operation

* new ASIC technologies tested
(MPI Munich)

* must operate at room and LAr
temperature (87 K) with equal
performance
— low power, low noise, stable
signal amplitude, small gain
variation between channels (<1%)

- SiGe Bipolar — radiation tolerant up to 2 x 10> n,/cm? , but gain is temperature dependent

« Si CMOS 250/350 nm and GaAs 250 nm
— radiation tolerant and good temperature stability

Upgrading LHC Calorimeters - Arno Straessner 20



Current Limitations of ATLAS LAr Front-End

* main concern;

* electronics will run >>10 years in 2020
gualified for radiation levels of 10 years
of normal LHC operation (incl. safety
factors)

HL-LHC: 300 Gy and 10*3 n,,/cm?
small number of spares (6%)

Cells in Layer 3
ApxAN = 0.0245>0 9

« current performance limitations:
« fixed analog trigger sums
« small analog buffer
— incompatible with longer L1 latency
— dead-time

* read-out and trigger concept for HL-LHC:

- front-end and read-out driver prepare digital data
for hardware triggers

Upgrading LHC Calorimeters - Arno Straessner
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New Prototype Design
1 front-end 14 230+136ps
crate [ ROD | trigger

14 FEB 100 Gbps
: CA , )
L2 trigger
event filter |
[ ] ™ PC network

 R&D bhaseline:

« shaping and digitization at high rate on front-end board — 128 channels at 40 MHz

—

« transfer rate to off-detector electronics — 100 Gb/s per front-end board — total 150 Tb/s
« radiation tolerant optical links at ~10 Gb/s
« multi-fiber optical link

« fully digital off-detector trigger
— digital pipeline on Read-Out Driver (ROD) — long latency buffer up to ms
— fast trigger sums on ROD — calorimeter trigger
— more flexible and higher trigger granularity

Upgrading LHC Calorimeters - Arno Straessner 22



Development of new Read-Out Driver

- digital part of the readout is based FPGAs (tested: Xilinx Virtex 5+6, Altera Stratix Il and V)

McFilt

- ongoing R&D by LAPP Annecy, Arizona, BNL, 2 H e 0o s ;|
mho ’ ¢

Helmholtz Y1 Group at TU Dresden . BN

cdin — Config
cena|—»

» S
in

« design and proof-of-principle for high bandwidth readout:
« ROD prototypes in ATCA form factor with and w/o S. Starz, TU Dresden

mezzanine cards (AMC) o B

test of serializer-deserializer: LN AN
* 6.25 Gb/s x 12 = 75 Gb/s achieved =— . — - -

digital signal filter design with minimal latency
» suppress electronic and pile-up noise @ 40 MHz

interface for LO/L1 trigger
» pre-processing of data for LO/L1 input

* long-latency data buffering

interface to DAQ based on standard protocol,
e.g. FPGA sending data to server CPU memory

via 10 Gb/s Ethernet f

 simulation of free-running read-out
Upgrading LHC Calorimeters - Arno Straessner 23



New ATLAS Tile Calorimeter Electronics

Present Tile Trigger chain L1Calo
p A
L1PP
| Tl i B D D -

Photo Multiplier Tube

o

(% % L1Calo

L@ New Tile Trigger chain A

4 f R P

= = e o A,
* new active HV dividers for PMTs — more stable signal amplification in dynodes
 prototypes for pre-amplifier, shaper, integrator are being developed (ASIC)
« digital signals for trigger and DAQ
- total data rate:
1 68links DAQ
e D wssssd 336 Gb/s x 64 = 20 Th/s
| 3,225Gbps
, sk S | ]
é links ,i'V’L—J\; Microblaz:
—— L L t
—— - — Programing it

signal transmission is tested using FPGA, similar to LAr |
protocol based on CERN Gigabit Transceiver (GBT) project S SR e oeE e '
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Summary

ATLAS and CMS calorimeters require upgrades
» of components that do/will not operate as expected (ageing, noise, failures)
* in high radiation areas — mainly endcap and forward region

LHCD is testing reliability of ECAL calorimeter in testbeam and LHC tunnel

upgrade plans for 2012/13 and 2016, large uncertainties for 2020 :
» Technical Proposal by CMS, Letter of Intent by ATLAS

ongomg R&D:
* tests of forward and endcap detectors in high radiation environment
expected at HL-LHC

» develop and test sensor technology and electronics individually and in
prototypes

« work on system integration only started for the long-term projects

» simulation and optimization of detector performance with different upgrade
options

Upgrading LHC Calorimeters - Arno Straessner
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Backup

Upgrading LHC Calorimeters
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LAr Calorimeter Signal

3 gain shaper

o Amplituds
oo

=
@

o
i

lead

liquid argon

—

electrode

Upgrading LHC Calorimeters - Arno Straessner
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memory
SCA

Read
Out
Driver

@ energy
@ time
@ quality factor

@ monitoring
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Analog Front-End R&D

« SiGe IBM 8WL BiCMOS process (0.13 micron)
 technology also studied for ATLAS silicon
strip tracker readout and ILC detectors

* irraditation tests with spare IBM test structures
« example: final gain after neutron irradiation:
* B>50 at 104 ny,/cm?

Final Beta (@Vbe = 0.75 V)
=Y [#)]
o o

N
o
T

Chip: HB

Neutrons

expect: 1/ ~ ®

—

ﬁw

COPPER | Paeiiy -
'1 1
SILICON GERMANIUM = =
o
Y
DEEP ' C( R
IS0
C R

» SiGe used for pre-amplifier + shaper:
« low noise (2.2 nV/NHz)

1
—

Tr. Emitter size
.12x.52x1
12x1x1
.12x2x1
.12x3x1
.12x4x1
.12x8x1
.12x12x1
.12x1x2

# + < < OO

.12x3x2
.12x8x2
.12x12x2
.12x3x4
.12x8x1
.12x3x6
.12x8x6
.12x16x6

TozzrAe—T@mmoowm®

o 3+ <] & [0 0 x

Vo Zz<< T A7 I =g mnmiollrs

 high dynamic range (16 bit)
* low power

05

1 1.5 2
Fluence (nlcmz)

Upgrading LHC Calorimeters -

LAr Chiplet
2mm X 2mm
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LAPAS TEST BOARD * APRILOG

* Test board:

Shaper Input Signal

Tek i Trig'd M Pos: 452.0ns CURSOR
+*
Type
1 MW

CHT 100mY 1 100ns
10-#pr-03 1517
Tek I Trig'd M Pos: 440.0ns MEASLURE
-
CH2 Off
Freq
CH1
Max
E32my
CH1
in
1 —54.0mYy
CH1
Rise Time
1+ ———————2  [HI
——
CHT 100myEy 14 100ns CH2 ™ —dB0mY

10-Apr-03 17:44 §9,9230kHz

LAPAS Shaper Output

Preamp and Shaper Prototype Tests @

10X Shaper Differential Output vs Input Chip 1 Ch4

3
- o5 Design Range 0 - .3V input I
S , ,.....---rJ
c 2 = . ‘———4
e Gain 6.04 _eo*
@ 15 ‘—-—" 1
E o *
= I
o ! P I
8 05 .t }
] e *
> 0 ‘_‘ T T T T T T T T
0 0.05 0.1 0.15 02 025 03 035 04 045
Calibrated Pulser Input
Chip 8 Shaper Post lmadiation Measurements
(0, 200krad, 500krad, 1000krad)
0.5

0.4

Differential
= =
B & B

Vout
S o
5 I N ]

=
= o
o & o

0 0.2 0.4 0.6 0.8 1

input (v)
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ATLAS Raditation Hard Optical Links

- : ItraCMOS Process
« Silicon-on-Sapphire (SoS) technology: ’ s channel FET
* 0.25 ym UltraCMOS by Peregrine Semiconductors '
 low power, low cross talk
— good for mixed-signal ASIC designs

n-channel FET
|

» TID and SEE radiation tests performed in 2007:
« gamma irradiation with 8°Co source up to 4 Mrad = 40 kGy

H .
10° 10° H H
02 : : : ‘ X 0.2 : ‘ ‘ ‘ X | :
- ]
e = ]
l' . .
I : H
01}/ 05 0.1 05 : .
o o
< / T & E s
S < 2 I8 -4 s Resistors | H
T Ot 0o £ T o - = 0 2 K : 5
> = S ot s s
< = < = i @
¢ : K -
. -3
0.4} 105 0.1 105 H H
NMOS transistors PMOS transistors = —l

02 1000 2000 3000 4000 5000 02 4000 2000 3000 4000 5000

Dose (krad) Dose (krad)

« small leakage currents (250 nA) and small threshold voltage increase

« irraditation in 230 MeV proton beam
* no SEE observed in shift registers at a flux of 7.7x108 p/cm?/sec
« still correctly functioning after total fluences of 1.9x10% p/cm? (106 Mrad(Si))
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ATLAS Link-On-Chip Prototype

Helmholtz Alliance

« goal: send data at 10 Gb/s on optical link — need to serialize input data
* current prototype manages 5 Gb/s with 3 stage multiplexing and 1 high-
performance D-flip-flop

v | | s | s | e | e 1] =)o)
| 0 W
@ 2
. = — 5Gbps |
16bit Q o |—=2 - . @
vos 7| 2 :-e -
o . ‘ ‘
N 4
I o o == - !
3125MHz 2125 2.56 ] 2:1mux =R L =" "eye diagram
Ref Clk—— 2.5GHz PLL + clock fan-out ‘
 transmission bit error rate lower than 1x10-12 e ] e e s s e « 00
« power consumption is below 100 mW/Gbps. |
- effort towards a 5 GHz Phase Lock Loop:
 needed for ultimate goal of a ~10 Gbps link ' 4 & ki S
« first tests are OK ;}
(jitter, power consumption, locking frequency, ...) | It

optimistic for 10 Gb/s

LOC2 layout

The output clock locks to the input clock.
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ATLAS LAr Hadronic Endcap Electronics

* new ASIC technologies tested by MPI Munich
* must operate at room and LAr temperature (87 K) with equal performance
— low power, low noise, stable signal amplitude, small gain variation between channels (<1%)

« candidate technologies:
- SiGe Bipolar — radiation tolerant up to 2 x 10> n,/cm? , but gain is temperature dependent
» would require adjustment at LAr temperature

DEVICE-SET-0

test-beam example:
IHP1.Bipolar2 slot:1 dev:2 SIGe prOIar tranSIStorS

: IHP1.Bipolar1 slot:1 dev:1

IHP3.Bipolar1 slot:7 dev:21§ 250 nm IHP prOCGSS

- -
[X)
T T[T T

IHP3.Bipolar2 slot:7 dev:zzé

0.8

0.6

0.4

0.2

Lol \ Lo | Lol
0 1014 1015 1016

fluence [n/cm?]

« Si CMOS FET 250/350 nm technology — radiation tolerant and good temperature stability
« GaAs FET 250 nm technology — radiation tolerant and good temperature stability

» SiGe and CMOS will be further pursued
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ATLAS sFCal

 solution 1: smaller LAr gaps reduce ion build-up effects and HV drop
* build new sFCal (Cu/LAr) calorimeter with 100 um gaps instead of 250 ym to replace FCall
 two on-going R&D projects:

« test FCal-tube with %Sr foil inside a hollow rod to measure ion-build effects

50 mCi - °°Sr source

Secondary

emissian Hodoscope

chamber [ Primary Secondary
absorber absorber

Beam 5152.
I]Eu:u:l |:|I I.

FCAL-cryostat ~ EMEC-cryostal  HEC-cryostal

Cooling loop

Copper absorber matrix

. Tube with rod and signal pin
Tube with rod taken out

Ic}r1|s=at|m| chamber

‘%cmllllallc}n n

5S4
counters =

I:I s5

-0 ss

Upgrading LHC Calorimeters - Arno Straessner 33



ATTHE

TERA
i SCALE

nnnnnnnnnnnnnn ce

Signal degradation in LAr gap

©

« critical ionisation rate: rate of newly created Ar+ ions equal to
rate in which ions are removed from the gap
 r = rate relative to critical rate
* relative of LAr+ e- recombination rate w
« w=0 no recombinations
« W—e recombination removes practically all Ar+ e- pairs

* signal is obtained from fast-movina e- (Ar+ are slow)

1.0

S(t)

0.0

\r«l

S(t) = signal pulse
t, = drift time

0.0

« at high luminosity

* not all Ar+ are removed from gap — ion build-up
* recombination rate rises — slow-rising pulse

« although HV resistors have high value
— Vvoltage drop over LAr gap

« amplitude no more proportional to energy deposit

Upgrading LHC Calorimeters

V=V0

=777 777777777 ©

z=0 zZ=
Ty ()
H.W. ‘\f‘j
T
I Electrode at luminosity and HV of
S 5x 102 ¢m2s" | 250V
o N\ — 1x10%em2s' | 190 V
s I\ — 3%10%cem?st | 117V
50T By RO e ST T
po \ No— 1k 10%cdm?s' | 46V
=t N
R T Lt AN,
¢ L \ 4.7
T~ N N\ at n=4.
02 \‘\\ N\
B \K_ ) _‘x\\
n_ E-_J‘-:\_}_ I N
nlllzul l1.I]IIIs“:lllIm]lll“m:llII'.I“]I
t (ns)
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Helmholtz Alliance

Limitations of Current FCal

 LAr heating/boiling can possibly be cured with additional LN, cooling loops

10x nominal heat load +
ohmic heating and 10 W/m 2 ID heat leak

STEP=11
SUB =1

MN TIME=11

RSY5=0

current FCal nominal temperature
at HL-LHC in this simulation: 90 K

10X heat load 10 W/m"2 at ID chmic heating

* LN, cooling can remove a 10x LHC heat load
(562 W on 3.787 m? surface) using
a flow of 0.0028 kg/s at 0.070 m/s

Upgrading LHC Calorimeters -

FPowerGraphics

ANSYS 11.05F1
NOV 24 2009
08:28:51

NODAL SOLUTION

(BVG)

LN, cooling pipes
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The ATLAS Tile Calorimeter Electronics

Helmholtz Alliance

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

* Tile Calorimeter: Fe/Scintillator

scintillator
arrays

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

 Tile Calorimeter upgrade plans:
« electronics, connectivity, cooling is arranged in "drawers"
— replace with newly designed modules
* replacement of gap and cryostat scintillators

* new readout-electronics (same arguments as for LAr read-out)
 higher radiation tolerance, normal ageing of components
« improved trigger capabilities — higher granularity
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Layer to Tower Decoding Fiber

CMS HCAL barrel today

optical signal transmission

///////é
W77/

2274

7 N

ol e\ A A
VA N

Tile

Optical Connector

Clear Fiber
WLS=wavelength-shifting fibre

& y

Silpixels insulator
: !
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CMS HCAL Barrel and Endcap with SIPM

Entrien

;‘n

« Silicon Photo Multiplier (SiPM) [[HO2P12: (12,60,4) SIPM Energy distribution | f---u-mj_j

« array size 0.5x0.5 mm? up to 5x5 mm?
* pixel size 10 ym to 100 ym

« about 30% quantum efficiency (x 2 of HPD)
« gain =~ 10% (x 500 of HPD)
« more light (40 photo-electrons/GeV),

less photostatistics broadening

25 30 35 0
Energy in femto coulombs

I.K. Furic ICHEP2010
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« simulated energy response and resolution to single electrons of 200 MeV:

MiniFCal Response — 200 GeV Electrons
250 ; ' . :

MiniFCal Resolution — 200 GeV Electrons

05 T T T T T
Total
< 200} N—— —_—
g — N N VT N 0.4}
% T eMEC  \|f|| Fcal | [ wminiFcal Y |
EJ) 150F b '1“I i | 1 Ec:r 0.3+ E' “"
w -l H 3 'HII*"
2 i . | Ly o L1
g 100 B i | W o2} ]
Q H ]i i =
W 1 \
0 ! 'E ] | |
° %o j " L] 01} b fi |
HEC i _: : L\,“ "A.: IL.,_ N W'- II||. ’!I
D i o i o — o —— o —— I PR N S—
2 2.5 3 35 4 4.5 5 0 i i . A : .
2 25 3 35 4 4.5 5
Eta
Eta
* resolution typically <5% in MiniFCal region
» edge-effects need further studies
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Radiation and background - CMS

* radiation dose deposited in CMS inner tracker [/~ A

after 500 fb-! (~10 years of operation) 29

Radius | Fluence of fast hadrons | Dose | Charged particle flux S

{cm) (10" em™) (kGy) (cm~2s7 1) ‘“:
4 32 840 10° 2
11 4.6 190 >
2 16 70 6 x 10° C
75 0.3 7 §
115 0.2 1.8 3% 10° -

* 1 Gy =1 Joule/kg

« fast hadron fluence approx. equivalent to
1 MeV neutron equivalent fluence

 during detector design safety factors of ~2
are applied for radiation tolerance

 for non-commercial and commercial
electronics: safety factor 2-5

« CMS ECAL after 10 years of nominal LHC:

r{cm)

1
5 400 2 (em)
3.5E+07 1.0E+06 3.2E+03 1.0E+05 3.2E~04 1.0E+04 3.2E+03 1.0E+03 3.2E+02 1.0E~02 3.2E+01 6.3E+02

CMS

Dose (Gy) for 2500 fb—1!

* 0.5 kGy and 5x10*2 n/cm? at the outer \_ p,

circumference of the endcaps

M. Huhtinen SLHC Electronics Workshop 26 February 2004 3

« 20 kGy and 7x10%* n/cm? at |[n| = 2.6
— photo-detectors on the back of the PbWO0,
crystals
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Radiation and background - ATLAS

. total ionisation dose in Gyl/year at L=1034 cm=2s-!
- for 0,,5=80 mb and one year of 10’ s

E
=
=
[+~
= Tile
calorimeter
Gy/year
|
10 —»

2 CArbarrel 'n'm _

100 _» calor

_—W

_——— 4‘

1000 —n»

10000 —»

100000 —sr S=EE=SE S ——
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Radiation and background - ATLAS

* non-ionising dose per year
« 1 MeV neutron equivalent fluence at L=103%* cm-2s-!

Tile L= Tile
1011 n Cm-2/yr x calorimeter Hl calorimeter I:I
R(

102 n cm?/yr —
2

LAr barrel
calorimeter

1013 n cm2/lyr —=

1016 n cm2/yr
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ATLAS & CMS Today

CMS
B-Field 2 T (solenoid) 4 T (toroid) 3.8 T (solenoid)
Tracking Si (strips+pixel) + o(py)/p; at 100 GeV: Si (strips+pixel)  o(py)/p; at 100 GeV:
gas (TRT) 3.8 % 1.5%
ECAL Pb - LAr o(E)/E = PbWO, crystals o(E)/E =
(high granularity) 9%/NE + 0.7% (high E 3%/NE + 0.25%
resolution)
HCAL Fe — scintillator o(E)/E (ECAL+HCAL)=  brass — o(E)/E (ECAL+HCAL)=
(10 A) 70%/NE + 3.3% scintillator (7 A)  70%/\E + 8%
Muon ion. chambers, o(pr)/pr at 1TeV: ion. chambers,  o(p;)/py at 1TeV:
Spectrometer air-core magnet 7 % instrumented 5%
iron

* D. Froidevaux, P. Sphicas, General-purpose Detectors for the Large Hadron Collider,
Annu. Rev. Nucl. Part. Sci. 2006. 56:375-440
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CMS ECAL endcap crystals

76k scintillating
ECAL PbWO, crystals

HCAL

Is & Tracker

Is (100x150 um?)
channels
ps
9.6M channels

Scintilator/brass
interleaved

4T Solenoid

MUON BARREL

Drift Tubes (DT) and

@’l

CMS

Muon
End-Caps

Ch/CSC)

Optical transmission, %
3

Resistive Plate Chambers (RPC)

4 x 3662 crystals

i

Radioluminescence intensity, arb, un,

300 380 400 4350 500

250

600

Wavelength, nm

* ionisation reduces light transmission in crystals like PbWO,
« absorption bands due to colour centres in crystal caused by oxygen vacancies and impurities
« scintillating light produced by hadrons and e.m. particles is not affected

» concerns when exposed to extremely high radiation dose in mixed particle beams

Upgrading LHC Calorimeters

- Arno Straessner

650

700

750

B0O
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CMS ECAL endcap crystals

hep-ph/0511012

reduced light transmission is observed in test beam
not caused by ionising radiation damage but cumulative hadron-specific damage “
Es

expected hadron fluences in ECAL barrel (endcap) after 10 yrs of LHC: 10%2(101%) hadrons/cm?
proton and photon induced damage measured with photo-spectrometer:

g 80 - I I I | I I I |rrad1;uoln I I I I I I I SU :\ T T T T T 1T T 1T T T T1T_]
a . hefore 1 I C -
5 0 L Csabf R -0 ;_ ] Aat 1 kGy/h _
2 f 60 L E 1012 p/cm?/h
£ 60 [- - ]
= r F 7
S0 b 40 E
— C C J .
0 F 0 t =27h - 322‘;'62'\[’)9
20 | 20 | t=25d = ge by
<t 0 E ' 4 hadron fluence:
10+ Intrinsic emission spectrum ; oo E|:1|11§I|Je(|zl|:| E band'edge Sh|ft
|

i | I . :‘: ] 1 1 | ! 1 1 1 | ! 1 I I | ! I I I 1
0 OW = o0 5 200 300 400 500 600 700
Wavelength (nm) Wavelength (nm)

* loss in light transmission could be monitored by external light injection — crystal calibration
 replacement of ECAL endcap crystals is under discussion
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L HCb Calorimeter Modules

 LHCb ECAL is a lead/scintillator sampling calorimeter

("shashlik" calorimeter) B
« scintillating light is extracted by wavelength-shifting fibers | seos
» photo detection with PMTs

L HCAL

LHCb ECAL
modules

R

« expected maximum dose at 2x1032 cm2s1;
« 2.5 kGylyear in the inner region

« calorimeter built to cope with this radiation level for 10 years
* no reliable information for higher doses
* the problem mainly concerns the inner modules

 idea emerged to make a test in the most realistic conditions

— LHC tunnel
« in parallel: perform a test (high dose) at Protvino test beam
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installation of 2 modules in the LHC tunnel in September 2009
close to LHCD interaction point (on the LHC side of the wall of the LHCb cavern)

modules have been carefully calibrated before installation for future comparison
dose monitoring by 5 passive and 2 active dosimeters

results expected soon

Upgrading LHC Calorimeters - Arno Straessner
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Luminosity Leveling

* luminosity evolution today in one fill:

Irl 14 |_ T T T | T T T | T T T | T T T | T T T T T T T T T T
N - ATLAS Online Luminosity -
= - 23 August, 2010 -
5 12F [ ] LHC Stable Beams LHC Fill 1298 -
® - [_]ATLAS Recorded Ns=7TeV .
— 10 __ ]
= - Total Delivered: 280 nb” -
§ 8 Total Recorded: 273 nb™ —
I= . -
3 6/ .
4L -
21 ~
_l | | | | 1 | | 1 | | 1 | 1 | | 1 | | | | | | | 1 | i

00h 02h 04h 06h 08h 10h 12h 14h
CEST Time

* luminosity leveling:
 reduced and constant pile-up rate during one fill

 possible luminosity evolution at HL-LHC:

events per crossing

LPA
400 crab \
cavities
300
200
100 | \ without leveling
AR
5 10 15 20 25 30 35
time [h]

events per crossing

140}
120}
100]
80
ol | crab

40 | cavities

LPA

with leveling

5 10 15 20
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Shutdown and Upgrade Scenario

Activities Planned in Shutdown Periods

LHC machine
and injection
line

Int. luminosity
expected at
shutdown time

LHC
experiments

2012

*splices for 7 TeV

scollimators in IR3

*PSB energy
upgrade

*SPS upgrade

«1fbt @ 7 TeV

*ALICE - TID and
calorimeter

*ATLAS - forward
beam pipe

*CMS - forward
muon upgrade and
consolidation

*LHCb — conical
beam pipe

2016

collimation phase Il
sprepare for crab cavitites
*new RF cryo system
Linac4 connection to PSB
*PSB energy upgrade
*PS, SPS consolidation

*40-100 fb! @ 14 TeV

*ALICE — new vertex detector

*ATLAS — pixel detector layer
+ L1 trigger

*CMS - forward muon
upgrade, HCAL photo
detectors, new pixel detector

*LHCDb — full trigger and
readout upgrade, new vertex
detector

Upgrading LHC Calorimeters - Arno Straessner

2020

*new triplet magnets

scrab cavities

«consolidation work on
injector complex

*300-600 fb* @ 14 TeV

*ALICE — vertex
detector upgrade
*ATLAS - new inner

detector +
readout/trigger
*CMS — new inner
detector +
readout/trigger
*LHCb — ECAL?
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Pile-up background

 Pile-up events are from simultaneous pp collisions in the same bunch crossing
* In-time pile-up simply scales with luminosity, cross-section of minimum-bias events, and beam-

crossing time (25 ns): Npile—up = oMBLAL

* minimum bias event shapes and particle rates are already studied in current data:

T T T T T T T T —I T T I T I T
| ! ! "cms | 7 % uainNsD © NAL B.C. inel, CME—:
e ® o ® - Y STARNSD < ISRinel.
6 7 TeV bt e @ . _ gl 4 vAsnsD 2 UAS inel. ]
N § - W CDFNSD & PHOBOS inel. * ]
4 - % ALICENSD ¢ ALICE inel. S
LR ‘&5&! bﬁﬁé L o 5F @ cwsnso =
£ 4 " 2.36 Tev Ad b 7 oo Fig
- /) T = C - ]
S oS apnpteiman, | 5 4 T :
= | 0.9TeVv | ] r
© = 3 ]
L 1 © r ]
oL ™ CMS NSD ] of _
- o ALICE NSD = r e
i | - P — — 0.161 + 0.201 Ins} B
= UAS NSD 1 - ++ 2.807 - 0.315 In{s) + 0.0267 In*(s) -
B I 5 1.54 - 0.098 |n(s>+n.o|55|n“(si- ]
0 ! | L ! ! | 1 ! ! | ! U-I Lol Lo L1
2 0 2 10 102 10° 10¢ Phys. Rev. Lett. 105, 2010
n . Ns[GeV] )

- important background is expected also in forward detector regions up to n = |¥2 In m ?/s| = 9.6
« this needs further measurements, after forward detector performance is well understood

 with this data expectations for high-luminosity running at 14 TeV can be extrapolated using MC
models

Upgrading LHC Calorimeters - Arno Straessner 50



PHYSICS
ATTHE

TERA
i SCALE

Imholtz Alliance

Minimum Bias Measurement

« recent measurement to very low pT tracks of 100 MeV (corrected to particle level)

1/N, -dN _ / dn

Ratio

_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

- p_>100 MeV, | |<2.5,n,,>2 ]

8 \S=7TeV E
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8;'.‘.'.'..'““""‘lnunuu“"“““".“.'.'“j

4= T T T T T
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Minimum Bias Measurement

« different tunings and high-energy extrapolations
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Data ) /_,// ] ly central reg
/ —
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