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In context

* See other talks in this workshop
— Tilman Rohe, PSI : “Silicon tracking detectors”

— Guiseppe lacobucci, Geneve : “ATLAS Upgrade”
* European strategy for High Energy colliders
* LHC roadmap and design parameters
e LHC High Luminosity operation (LHC-HL)

* Borrowed heavily from

— R. Horisberger, PSI : “Technical Design Report of the
Upgrade of CMS Pixel Detector”, LHCC upgrade review
Sept. 2012

— R. Wallny, ETH : “Swiss contributions to CMS
Upgrades”, CHIPP meeting, June 2013

— F. Nessi-Tedaldi, ETH : ECAL upgrade work
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R&D summed up in one picture

470 charged hadrons P; > 0.1 GeV per unit |[n| at8 TeV
More at 13 TeV !

78 reconstructed
Real data from special r

Expect 50— 100 pile up by 2018
100 — 200 pile up by 2022




Challenges

Occupancy Multiple scatters Readout rates

Radiation damage Vertex identification

PU contamination’i

"Impact parameter

Photon conversions _
Track merging

2"d vertex identification .
Efficiency for photons, leptons




Swiss focus

R & D efforts focused on high-occupancy interior of detector

CEITS ++ ORI SN S o5 5>

Electromagnetic calor
\id
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Swiss focus

R & D efforts focused on high-occupancy interior of detector

CEITS ++ ORI SN S o5 5>

ter (ECAL)

r material

ng, power, supply systems

Barrel Pixel (BPIX) silicon track
Diamond sensors




Spatial constraints of existing detector present
added difficulties

CEITS ++ ORI SN S o5 5>

: Additional tracking
ers-must fit in existing volume

=

aterial : Require more cables, cooling




Improvements sought

Goals of upgrades

k]?\g :

Additional tracking layer
data bandwidth

Material :
Lighter cooling tubes
Lighter mechanical structure
Lighter coolant
Maintain current cable material




Physics gain of improvements

ECAL :
Maintain H' = yyrresolution =
Maintain Eho‘ton signal efficiency

Better 2" vix (b jet, ¢jet, T lepton)
Material : More efficiency lepton ID
Less total tracks Better fake photon rejection
Better particle ID due to reduced scatters
Reduced photon conversion
Better impact parameter resolution




CMS Construction: CH Contributions t/:{

Important management

Superconducting coil e | o y.o 16 roles since the 1990s
ETHZ | e Eey NN A

E&I center

Crystal EM Calorimeter
76000 PbWO, crystals
ETHZ/PSI

C Detector

Weight: 12’500 t
Diameter: 15 m
Length: 21.6 m

Magnetic field: 3.8 T

14

~100M individual &=
detecting elements |88
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Phase | Upgrades < 2018

Silicon Pixel barrel
(PSI, ETHZ, UZH)
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Limitations of Current Pixel System

2010-2011 Collisions Data, ys = 7 TeV
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(To be) upgraded pixel detector

Upgrade Outer ri
- s | | — uter rings

n=2.0 -

n=2.5
—Innerrings

/I
N
NN
n=2.5
Current —
n=0 n=0.5 n=2.0
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System parameters : Current & Upgrade

Parameter of Pixel System

# layers (tracking points)

Beam pipe radius (outer)
Innermost layer radius
Outermost layer radius

Pixel size (r-phixz)

In-time pixel threshold

Pixel resolution (r-phi x z)
Cooling

Material budget X/X, (n=0)
Material budget X/X, (n=1.6)
Pixel data readout speed

15t layer module link rate (100%)
Readout chip pixel rate cabability

control & ROC programming

Present
3
29.8 mm
44 mm
102 mm
100w x 150u
3400 e
13w x 25n
CgF14 (monophase)
6%

40%
40MHz (analog coded)
13 M pixel/sec
~120 MHz/cm?
TTC & 40MHz I1°C

Upgrade
4

22.5 mm (LS1)
29.5 mm
160 mm
100u x 150
1800 e
13w x 25w (or better)
CO, (biphase)
5.5%
20%
400Mb/sec (digital)
52 M pixel/sec
~580 MHz/cm? 4
TTC & 40MHz I12C



Readout Modifications (1): ROC rZ

ReadOut Chlp (ROC) fu nction : Recticle of Jan 2013 Engineering Run

e Stores and outputs hit information for pixels
exceeding set threshold within time window

* Address, pulse height, time stamp stored

Specifications ROC PSl46dig: Mitigation of
Increased luminosity by LHC machine ~2x1034

Higher pixel rates due to reduced Layer 1 radius (r,; = 30 mm)
Higher data output rate capability due to 50ns (?) LHC operations
Reduced sensor signals due to irradiation (L1 sensor ~250 fb)

ROC changes:

Increase DC time-stamp- / data-buffers (12 /32 > 24/ 80)
ROC internal token passage & double buffered (64) readout
160 Mbit/sec digital readout for pixel addr. & pulse heights
ROC level 8-bit ADC for pixel pulse height digitization

Reduced pixel in-time threshold of <1600e (present 3400e) FEESENR] ~100
PSl46dig ~200

PSI46dig+ (L1) ~500

Increase data transmission rate (factor x 4)

Sept 13 2013 Swiss CMS Detector R&D 17



Readout Modifications (2):

Fanouar
Pixel Module 2o ROC19 TBM -> POH - FED data link
~ i : Ribbon  Multi-Ribbon

5 Patch Cable Pixel FED
= ROC : Readout Chip
i TBM : Token Bit Manager
POH : Pixel Optohybrid
FED : Front End Driver

PP1

12 96

Changes to pixel data readout link:
e TBM combines 2 serial ROC 160Mb/s data
streams to 4b/5b encoded 400Mb/s.
* 400Mb/s / fiber = 2x present pixel readout rate
* Number of fibers per module:
- BPIX: 1 for L4, 2 for L2 & L3, 4 for L1 !
- FPIX: 1 for inner ring, % for outer ring.

Sept 13 2013 Swiss CMS Detector R&D 18



Performance in Tracking Efficiency

Tracking efficiency for tt sample with ROC data losses. = pions etc. (hadronic interactions)

_current detector - upgradevd d_etector
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Fake Rate= 6% (n=0, 100PU) Fake Rate= 2% (n=0, 100PU)

Results in significant gain in signal reconstruction efficiency for multi-lepton final states:
H—ZZ —4u +41%
H=—Z7 — 4e +51%




Track Impact Parameter Performance

Transverse impact parameter resolution with 50PU
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Gains in longitudinal impact parameter resolution even more pronounced !

e.g.n<1, p=100GeV > gain=1.63! (transversal impact parameter gain =1.15)




Improved B-tagging and Vertexing

2E34 cm’ 5'1 (<“>”50)

Ilght jet: Current plxel detector
light jet: Phase 1: upgrade detector
c-jet: Current pixel detector :
c-jet: Phase 1 upgrade detector :

—

e 0O

Primary vertex re-
solution improved
by factor ~1.5-2

T T TTTT
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b-jet efficiency
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H->bb: (1.3)2~1.69
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10-4 Ll 1

Upgrade Pixel @ <pu>=50 <> Current Pixel @ <u>=0

= maintain physics capability or better at large PU
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SUSY particle searches with yy+E ™S

v

* SUSY searches with yy + E™¢ background : mis-identification of electrons and photons

* Fake rate of electrons being identified as photons depends crucially on pixel detector

* MC study of fake rate with Z° decays into e*e-

3000

2500

Number of Events

2000

1500

1000

500

o

Number of Events

@ =

C alpha= 1.79 = 0.04 k] - : alpha= 1.82=+ 0.04

[ Std. Geom. PU=<50> —+ E’  R30F12 PU=<50> b = 95.870.03

- e'e sample cb_mean = 95.85 = 0.03 IIIl3500 [ e‘e sample cb_mean = 95.87 = 0.(

F cb_sigma = 4.12= 0.03 k] F cb_sigma = 4.10 = 0.03

r n=19:02 _830002_ n=16:02

g current signal events = 16560 = 129 525003_ u pg rade sign:l events = 18613 = 136

- signal 2000 Signal

F 1500(—

F 1000

- 500—

E R A oF L1 R I B

80 85 90 95 100 105 80 85 90 95 100 105

Invariant Mass (GeV/c?) Invariant Mass (GeV/c?)

: alpha = 2.56 = 0.06 ‘2 - alpha= 1.6+ 0.2

[ Std. Geom. PU=<50> —4- S [ R30F12PU=<50>

[ cb_mean = 95.58 = 0.09 > cb_mean = 95.6 = 0.3

ey sample w - ey sample
r cb_sigma = 4.38 = 0.07 5 500— cb_sigma = 4.6x 0.2
L n=00:02 @ C n=06:04
Qo

C curre nt signal events = 2524 + 50 g 400 u p g ra d e signal events = 474 = 22

C E L

- fake r  fake

C 300

e 200

E 100

i i ereera SRR RN BN B E . — L T
80 85 9% % 10 105 0 80 85 90 3 100 105

Invariant Mass (GeV/c?) Invariant Mass (GeV/c?)

Conclusion:

Fake rate depends on
pixel performance.

Current detector 7.0 %
Upgrade detector 1.25%

11




Module Testing and Construction

* CH-consortium builds Layer2_4/ Layer
L1 and L2 modules (33%) \ran <> BPIX modules

— Provide Test Board for whole
collaboration

e Extensive testing (now) :

— Irradiations
— Test beam campaigns

— Electrical tests under controlled
environment
— High-rate X-ray tests First Prototype module digital ROC (PS146dig)

. : August 2012
Sept 13 2013 Swiss CMS Detector R&D 23



X 2.5 | | support Tube [JJj TOB Wrixel

Material budget '/;1

From simulation of radiation lengths

Current detector
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Blue is current Pixel system

Current vs. Upgrade detector

Pixels

e
w

o
()

o
.
-

0

1 Current Pixel Detector e Upgrade Pixel Detector

3

Green is current Pixel system
Data points show improvement
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Supply Tube 2

—
L W

Challenge of new BPIX supply
tube:

Current Supply Tube half shell
(completed)

In very limited space (~1cm radial)
have to fit many components :

* DC-DC converters

* Pixel OptoHybrid (POH) & fibers

» Digital OptoHybrid (DOH) & fibers

« Comm. Control Unit (CCU) for
DC-DC/POH/DOH/PLL/delay25

» CO, preheating & ST cooling

Fibers (Data+
- control)

Upgrade CCU-ring
Supply Tube

POH-Board

Concerted design effort by UZH, ETHZ, PSI &
others

Many different PCBs to be designed and
functional interplay to be tested.
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CO, Cooling Loop Engineering Model

Insulated enclosure
with climate control

|

<—— BPix Thermal Mock-up

+ CMS accumulator

CMS Bpix CO2 Manifold CMS CO2 Plant or Ijre::;CChiller ’
Sept 13 2013 Swiss CMS Detector R&D (supply - ) 26



CO, Cooling Loop Engineering Model '/:1

l" 0
N

”
%)
4

7
{

L

V7L

POH Opto-Converters

DC-DC Converters

Test in preparation:

Temperature sensors
Pressure sensors
Power supplies

DAQ for measurements

Sept 13 2013 Swiss CMS Detector R&D

R.Becker (ETHZ) 06/02/2013
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CO, Cooling Loop Engineering Model a

el
=l

Tube diameters :

1.6 mm (inner) e ==
1.8 mm (outer) " Twolhalf barréls=

S|de'ﬂl/ side

All loops pressure-tested to 160 bar

—
.
e
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Phase |l Upgrades 2022

ECAL (ETHZ)
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ECAL Longevity

Crystal Light transmission H->yy mass resolution (generator level)
o T ~ 10—
U‘Q) L CMS ECAL? R
’ ! 5
5
?
107" —— - - o
- Simulation §
[ 50 GeV e- I

5| |—— 101fb”, 5E+33 cm’s? N
10 F 100 fb™', 1E+34 cm’s™!
- | —— 500 fb", 2E+34 cms™ l;';ﬂ",ﬂfged
I 1000 fb™", 5E+34 cm2s™! - A
- | —2000 fb™, 5E+34 cms™ I —_ 15:0%'::"
3000 fb™!, 5E+34 cm’s™! ] 3000 fb™
. | | —— 5000 fb"'
3 L L L L L L : : : : : : -1 1 " " " " 1 M " " 2 | L L L L 1
1095 2 2.5 3 10775 > 25 3
. , "l max(n,,1,)
* Cumulative loss of signal expected, due to hadron damage

to crystals and aging of photo sensors
— Studies pioneered by ETHZ nim A 545 (2005) 67, NIM A 564 (2006) 164, NIM A 622 (2008) 266, NIM A 684 (2012) 57
— Radiation longevity of present electronics is currently being studied
A data-validated aging model is implemented in CMS full simulation
— Tuning of reconstruction and study of physics performance degradation (including pile-up effects)

=> replace endcaps after 500 fb! to keep ECAL coverage to n<2.6

25 June 2013 Swiss Involvement in CMS Upgrades 30



ECAL Phase Il Upgrade Strategy

Ps

e Complete replacement of the ECAL endcaps (EE) and preshower detectors
e Replacement of the ECAL barrel (EB) Front end Electronics
e Cooling of EB to 8 °C (now 18 °C) to control noise

e Full recovery of radiation damage with
heating, bleaching not possible

e EE partial crystal replacement not feasible
* Allows extended n-coverage

e Allows higher granularity (less pile-up)
e Allows for ECAL/HCAL combined approach

e Adapt 20 us latency and 1 MHz L1A trigger
rates

e Mitigate ECAL spike problem and its
impact on ECAL triggers

e Solves partially electronics wear out
problem

e limit the leakage current in the APDs

Electronics replacement is driven by the trigger
rate and latency requirements.



ECAL Phase Il Upgrade R&D

uw o versus proton fluence

“Strawman” layout: Y — :
) ) o - W SICLYSO:Ce %
* Sampling calorimeter E Y. StGobain LYS0.00 70 daye) 2
a - A eF3 5
* Absorber: Pb or W £10F o scromo, 1§
 Scintillator: crystalline or : . S
sintered, inorganic L 13
e Readout: direct or via WLS : A 5
* Main issue: radiation 10_1'_ | é

hardness of all components : C 300 days after irradiation

I~ /I L ||||||| |||||||

102 10® 10" 10"
R&D at : , (M)

* LYSO, YSO, CeF,, sintered
scintillators, photo-detectors

* Proof-of-principle readout tests

25 June 2013 Swiss Involvement in CMS Upgrades 32



cosmic

CeF, scintillator, 20 x 20 x 10 mm?3
coupled to an inorganic
WavelengthShifter (WLS: LYSO
crystal), 3 x 3 x 100 mm?3

second CeF; used for y-triggering
together with plastic scintillator on
top

Correlation observed
between signal from
energy deposit in trigger =} COSMIC L § 100
CeF, and WLS signal " in CeF, 0
from LYSO viewing CeF, :

CeF, d1701414

cosmic b -
WLS signal ]

Entries
Entries

Signals: o | ]
Sers = 1200 y/MeV -y .-
SW|_3= 12 y /M eV 0700 200 300 4}{)3 cst(J:(:1 :‘2267'00 800 90010( % ""200 kg%' ;h:::; 800 1000
Ratio R, = 1% WLS signal exists and can be extracted Q. Huang, MSc thesis, August 2013

25 June 2013
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ECAL Electronics

ECAL Trigger

L1A rate abs. max. (120-150) kHz (500 to 1000) kHz
L1A latency 6.4 us (fixed) (10 to 20) us
ECAL ‘spikes’ False triggers mitigate

ECAL ‘spikes’: signals from direct interactions in the APDs, causing false triggers)

ECAL end-caps (EE): rebuilding EE completely requires new electronics

Additional question: longevity of the electronics — this is presently studied

e Participation in the system design

e Participation in the required ASICs development

e Participation in prototyping, fabrication and testing of Front-End electronics
e Adaptation and remake of the DCS components (as necessary)

e Electronics installation and testing in the electronics integration center



Phase Il Upgrades 2022

Inner tracker (PSI, ETHZ, UZH)




Tracker Longevity 'éj

e OQuter strip tracker longevity strongly depends on cooling performance

— may loose good fraction of
inner modules without cooling
by 500 fb! (thermal runaway)

— 4th pixel layer may partially
compensate cooling induced
strip tracker losses

* Proposal to replace Tracker
during LS3

e Current pixel sensor radiation budget (inner layer L1)
is 250 fb™ = 1.5 x 10% n_,/cm?* @29.5mm

— Pixel detector mechanical envelope expected to stay the same

— Pixel can be accessed during any year-end technical stop / L1 exchange possible
— L2 radiation dose is 4x less

* Explore alternative sensor material for L1:
— Planar /3D / Diamond (including 3D diamond)

Sept 13 2013 Swiss CMS Detector R&D 36



Diamond R&D

Diamond sensors can be operated © =~ 0.98x10" p/em® £~ =

@300 °K

— Excellent thermal conductor
> heat removal

Mean:
1133 ADC |
= 14500 e

Low leakage current & = 3.26x1015 plem? T
. . . 3500 : Mean: """"" m

— good signal/noise ratio even at s9p0C E %

high radiation dose ~10*> p/cm? w3 | R T
Planar Strip’ padl pixel 502; 500 1000 1500 2000 2500 3000

SVN-Rev: 635

and 3D structures tested Planar S

—3
L

500um l / ’ ::1

/

Diamond projects:
— ATLAS & CMS Beam Conditions Monitor \
— CMS Pixel Luminosity Telescope (?)
— ATLAS Diamond Beam Monitor
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Diamond R&D

D | a m O n d Se n S O rS Ca n b e O p e rate d | Preliminary Summary of 800MeV Proton Irradiations

= 500 X

@300 9K Swsob b

... All data:. f,-t.HV(u.pper .and -HV(lower)..........

Red Dataf: scCVD strip detector (shifted by -2.6)
* Blue Data: pCVD strip detector/testbeam |
s 'hi"\i?'é'i"é'é'd'éééab'l'['i¥k""'b'ﬁ'i"‘:'é'é&0] ...........

Ve

— Excellent thermal conductor
- heat removal

Low leakage current

— gOOd sign al / noise ratio even at 100
high radiation dose ~10*> p/cm? e e e o

0 5 10 15 20 25
Irradiation (x10215 p/cm”2)

(4]
o
JllllllllllllllllllllllIIIHI]IIII]IIIIIIIII]IIII

Planar strip, pad, pixel
and 3D structures tested Planar o

Diamond projects: soom |/
— ATLAS & CMS Beam Conditions Monitor N
— CMS Pixel Luminosity Telescope
— ATLAS Diamond Beam Monitor

Sept 13 2013 Swiss CMS Detector R&D ‘ 38




Conclusions >

* High inst. and integ. Luminosity present challenges for maintaining CMS physics

— Swiss upgrade efforts focus on improving :
* Inner tracking
* Material budget —ie, cooling & supply
* Electromagnetic calorimeter
* Phase 1 barrel pixel upgrade
* Production readout chips being tested
¢ CO, cooling plant and prototype cooling system almost ready for testing

* Many electronics components prototyped
* Phase Il upgrades being defined

— Electromagnetic Calorimeter
* ECAL end cap replacement

* ECAL electronics upgrade

— Tracking
* Tracker replacement (including pixel)

* Possible use of diamonds

— Possible extension of tracking and calorimetry up to [n|<4?

e CMS-CH intends to continue its vital role in CMS ECAL and Pixel

39



Backup
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LHC Timeline 2

—
L W

Rolf Heuer CERN-DG

January 2013
I 2009 < LHC startup, Vs = 900 GeV
. i 2010
 2om Vs=7~8 TeV, L=6x10%} cm? 5!, bunch spacing 50 ns
I
2012 ~20-25 fbr
50 ns . i 20-25 fo"!
: 2013 15 Go to design energy. nominal luminosity
— | 2014
o ! X3
» | 2015 /
é | 2016 \/s—l3~14 TeV. L~1x10** cm2 5!, bunch spacing 25 —
I
& 2 ~75-100 fb-"
I
12018 B ~ Injector and LHC Phase-1 upgrade to ultimate design luminosity
I 2019 X3
I
E 2020 \Vs=14 TeV, L~2x10%* cm? s, bunch spacing 25 ns F.
", 2021 . ~350 fb-!
— 2022 LS3 HL-LHC Phase-2 upgrade. IR, crab cavities?
5 2023 x10
5x Design-£ T i Vs=14 TeV, L=5x10 cmr? s!, luminosity levelin ,
g Bl T i ty g ~3000 fb

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire
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Upgrade Motivation o

CMS Design: 10 years of £L=103*cm2s (25 ns) with
mean pile up <pu>~25 for [ £ dt <500 fb!

‘ nominal “>=%#
L 50

8

g

LHC is expected to outperform its design specs after LS1

— 2010-2013: £ ~ 80% of design, exceeding nominal
pile-up at 50ns

o
=

N
o
[
o

Recorded Luminosity (pbh '/0.04)
— w
=3 =

oo

b3 ) ) 20 2% ) 25 ')
Mean number of interactions per crossing

Phase | (2010-2020) Upgrades: Consolidation and
Performance improvements

— Complete the phase 1 detector
— Mitigation of beyond baseline performance of the LHC (data rate)
— improvements for post LS2 operation at £< 2...2.5 x 103*cm2s (25ns) with <pu>~70

Phase Il (2022-) Upgrades: Precision Physics and Radiation Damage Mitigation

— Higgs sector survey, BSM searches, SM precision physics
Keep low trigger threshold, accept high rate
— Deliver Phase | detector performance in much harsher environment

— Replace detector components at end of their lifetime
Sept 13 2013 Swiss CMS Detector R&D 42



CMS Upgrades

3 # 2
LS1 Projects ME | y =—u———
* Complete Muon coverage (ME4) 4/2 H p g ~ e
* Improve muon operation, DT electronics §‘&3 | s ll : := | :’
* Replace HCAL photo-detectors it g i IR
»  DAQ1->DAQ2 NN s

Preparatory work during LS1

- New beam pipe for pixel upgrade

- Install test slices of pixel, HCAL, L1-trigger

iF=z
/
M
@

L

- Install ECAL optical splitters for L1-trigger

[

a \ // - 4/LS 3

Phase | Upgrades ( < 2018) Phase Il: being defined now

« New Pixel detector (YETS 2016/17), HCAL * Replace Tracker: pixels and silicon — track

: : trigger capability
electronics and L1-Trigger upgrade * Upgrade/replace Forward Calorimeters

* GEMs for forward muon det. (under review) + Calo DAQ upgrade
* Upgrade Trigger/DAQ: consider Track Trigger,
L1/HLT rates increase
e Consider extended n range for Calorimeter,
Tracker and Muons, precise timing
Sept 13 2013 Swiss CMS Detector R&D 43
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CMS Upgrades

’ y A :
LS1 Projects ME [T
* Complete Muon coverage (ME4) 4/2 N } ]
* Improve muon operation, DT electronics \“fk? Il <
« Replace HCAL photo-detectors h f T
«  DAQ1->DAQ2 LA :
* Preparatory work during LS1 | l W =--~:fi';f}.":::m
- New beam pipe for pixel upgrade L [ ; ‘|Hi|i,li“;i;“{..\
- Install test slices of pixel, HCAL, L1-trigger - I ”"l’““
- Install ECAL optical splitters for L1-trigger a ;|||”|”|||H|||IHHP
| f | | . = | |
LS1 \ // =S2 ‘/LS3
Phase | Upgrades{ < 2018) Phase Il: being defined now

* Replace Tracker: pixels and silicon — track
trigger capability
» Upgrade/replace Forward Calorimeters
* GEMs for forward muon det. (under review) + Calo DAQ upgrade
* Upgrade Trigger/DAQ: consider Track Trigger,
L1/HLT rates increase
e Consider extended n range for Calorimeter,
Tracker and Muons, precise timing
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* New Pixel detector (YETS 2016/17), HCAL
electronics and L1-Trigger upgrade



Pixel Phase | Upgrade

Upgrade Outer rings
n=0 n=0.5 n=1.0 n=1.5 v 2o
n=2.
Upgrade
2.5 - 4 barrel layers
[ — Innerrings
S0 0O A NO\\A/ l‘\’\’\m D'\:D'\I\
5>0.0cm 77 W ucdalll pipgc
n=2.5
c Current
urrent ey, 3 barrel layers

n=0 n=0.5 n=1.0 n=1.5

“Evolutionary” upgrade with minimal disruption of data taking:

Lo BRadius _Faces Modules
* Robust vertexing in large PU <u>~50 (25ns) :O';fn 3093120 ue:s -
—> increase 3 layers to 4 layers (1.6 x present detector) 68 mm 28 224 CH
. . 109 mm 44 352 CERN/TW, I/SF
- improved track seeding 160 mm 64 512 D
* Shift material to high 1, CO, cooling —> improved impact par. resolution + Fwd Disks USA

- reduced y conversion

* Modify ROC for £=2x10%*cms! operation -2 reduce data loss at r;;=29.5mm
—> decrease threshold ~x 2!

* Expected lifetime 500 fb'! (L1 2 x 250 fb?)
* Swiss Consortium (ETHZ, PSI, UZH): ROC design, supply tube & mechanics, CO, cooling,

2x L1 & L2 module production and testing
Sept 13 2013 Swiss CMS Detector R&D 45



Phase Il Physics Program

“CMS at the High-Energy-Frontier”, Input to the Update of the

* Precision su rvey of H|ggs sector European Strategy for Particle Physics, CMS-Note 2012/006
. Uncertainty (%)
o Propertles Coupling 300 fh~* 3000 fbh~*
— Studv rare decavs (eg H— 5o Scenario 1 | Scgagrio 2 | Scenario 1 | Scgaggio 2
Y Y .( & _ HH @ 50) Ay 6.5 {5.1) 5.4 flﬁs
— Study (self-) couplings (ie. HH — bbyy) Ky 5.7 . 45 .
) ¢ 11 5.7 7.5 2.7
— Study VV scattering .... ;Z 15 oo 0 57
. . . K 14 8.7 8.0 3.9
 Precision SM physics . 85 51 54 20
— Top Factory Scenario 1: systematics as in 2012
Scenario 2: theory syst. scaled by a factor %,
— EWK preCiSion studies, other systematics scaled by 1/vL
* Search for new physics in very EWkino \w | | |
rare processes Stopsisbottoms * ‘J | mveuce
— Characterize any New Physics Squarkslgluinos \N LHC14
discovered during Phase 1 @ 14 TeV O .,

Mass Reach, TeV 6

“Europe’s top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view to collecting

ten times more data than in the initial design, by around 2030. {(...) “

Whitepaper “Update of the European Strategy for Particle Physics”
Sept 13 2013 Swiss CMS Detector R&D 46



System Parameters: Present and Upgrade

e >
Y
S >

Parameter of Pixel System

# layers (tracking points)
beam pipe radius (outer)
innermost layer radius
outermost layer radius

pixel size (r-phi x z)

In-time pixel threshold

pixel resolution (r-phi x z)
cooling

material budget X/X, (n=0)
material budget X/X, (n=1.6)
pixel data readout speed

18t layer module link rate (100%)
ROC pixel rate cabability

control & ROC programming
Sept 13 2013

Present
3
29.8 mm
44 mm
102 mm
100u x 150u
3400 e
13w x 25u
CsF 14 (monophase)
6%

40%
40MHz (analog coded)
13 M pixel/sec
~120 MHz/cm?
TTC & 40MHz I12C

Swiss CMS Detector R&D

Upgrade
4

22.5 mm (LS1)
29.5 mm
160 mm
100u x 150u
1800 e
13u x 25u (or better)
CO, (biphase)
5.5%
20%
400Mb/sec (digital)
52 M pixel/sec
~580 MHz/cm?
TTC & 40MHz I2C

47



CO, cooling plant

* Two CO, systems will be installed, one for FPIX and one for BPIX (15KW each)

* Different temperatures possible for FPIX and BPIX

* Redundancy: BPIX and FPIX can both be run on either one of the two cooling plants

* Copper pipes pressure certified (+20°C, 70bar)

* Operating temperature range -20°C (operations) to +15°C (commissioning)

* System cooling tests with engineering copies of BPIX & FPIX cooling loops & heat loads.
* Installation in LS1

Redundant BPIX/PFIX CO, cooling circuits 3D CAD of cooling plant CAD Manifold

=1 B ) B o
%%ﬁ#ﬁ#ﬁ# SR %%%%%% i

pro—

c—s:—s_=_==k

=

B 4T a1

~3 k=
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Working assumptions for the LHC Luminosity Upgrades

D. Contardo, J. Spalding

8 TeV - 30 fb? \ up to 7.7 x 1033 Hz/cm?, 50ns Bunch Spacing, <PU> up to <21>

LS1 Repair splices - batch compression in PS - SPS scrubbing...
2013-14  Startup at 13 TeV [?], with potential for brighter bunches

p-p: 1 2 1.6 x 103*Hz/cm?, <PU> 25 = 40, 25ns, ~ 120 fb! by LS2
(50ns fall-back would require lumi-leveling)
Pb-Pb: Vs, =5.5 TeV - 3 x 10?7 Hz/cm? = 3 nb™!

LS2 Increase beam brightness - injector chain upgrades: New Linac - PSB-PS
2018 at 2 GeV, RF upgrades in PS and SPS ...

13/14TeV ——>

Phase 1
300 - 500 fb?!

p-p: 2 2 2.5 x 103*Hz/cm?, <PU> ~50-75, 300-500 fb! total by LS3
Pb-Pb: 6 x 102/ Hz/cm? = 6 nb (plan for Ar)

G

LS3 Replace low-B quadrupoles (radiation aging) = improved beam spot,
2022-23  crab-cavities to optimize beam overlap, collimator upgrade...

Phase 2 Capability: peak lumi >1 x 103> Hz/cm? . Lumi leveling to optimize integrated
HL-LHC 14TeV luminosity vs detector performance - target 5 x 103*Hz/cm? over fill length
> 2500 fb-l Design for PU 140 (investigate degradation at 200) - 250 fb! /year

Note: LS2 and LS3 dates will very likely change.
Wher*Wifl glidds have to be replaced? whst WiPBe theéihtegrated luminosity before LS3 ? 42



D. Contardo, J. Spalding

Highlights of CMS Upgrade Program

8 TeV - 30 fbl \

50 ns
LS1
2013-14
. qoe ) |
a3 c LS2
T o 2018
o
o
LS3
2022-23
Phase 2
HL-LHC
> 2500 fb?

Sept 13 2013

LS1 Projects: complete detector and consolidate for
1 x 1034 Hz/cm?, prepare Phase 1 upgrades
* Completes muon coverage (ME4), improve RO of CSC ME1/1 and DTs

* Replace HCAL HF and HO photo-detectors and HF backend electronics
* Install new beam pipe - test slice of FPIX
e Parallel optics and slice commissioning new L1 trigger

Phase | Upgrades: largely decoupled from LS2, ready for
1.6 x 103*Hz/cm?2 by LS2 and up to 2.5 x 103*Hz/cm?2 by LS3

*  Commission L1-Trigger upgrade in parallel to operation during 2015
* Be ready to install new Pixels in extended YETS in 2016/17
* Replace HF FE in YETs and HB/HE photo-detectors and FE in LS2

Phase Il Upgrades: solve detector aging, high occupancy and
radiation hardness issues, mitigate PU up to 2 5 x 1034 Hz/cm?

Enhance performance where statistics/systematics limited
* Replace Tracker: pixels and silicon — track trigger capability

* Upgrade/replace Forward Calorimeters, ECAL electronis

* Upgrade Trigger/DAQ: consider Track Trigger, L1/HLT rates increase

e Consider extended n range for Tracker and Muons, precise timing

* Interface to HL:LHG pew.qguadgapoles and shielding 50




D. Contardo, 1. Spalding Highlights of CMS Upgrade Program

8 TeV - 30 fb* \ LS1 Projects: complete detector and consolidate for
>0 ns 1 x 1034 Hz/cm?, prepare Phase 1 upgrades
LS1 * Completes muon coverage (ME4), improve RO of CSC ME1/1 and DTs

2013-14 | » Replace HCAL HF and HO photo-detectors and HF backend electronics
| * Install new beam pipe - test slice of FPIX

—

<U>~50 e Parallel optics and slice commissioning new L1 trigger
— “oc-’ 1 Phase 1 Upgrades: largely decoupled from LS2, ready for
() (%)
&34 LS2 1.6 x 1034 Hz/cm? by LS2 and up to 2.5 x 1034 Hz/cm? by LS3
&9 2018 *  Commission L1-Trigger upgrade in parallel to operation during 2015
o | * Be ready to install new Pixels in extended YETS in 2016/17
l <u>~70 * Replace HF FE in YETs and HB/HE photo-detectors and FE in LS2
1 Phase 2 Upgrades: solve detector aging, high occupancy and
20552323 radiation hardness issues, mitigate PU up to 2 5 x 1034 Hz/cm?
! Enhance performance where statistics/systematics limited

Phas¢ <p>~140 = 128 expected mean at 5 x 1034 Hz/cm? + cross section uncertainty + bunch

HL-LI to bunch fluctuations - Agreed for simulation with ATLAS
22500fb T ¥

e Consider extended n range for Tracker and Muons, precise timing
Sept 13 2013 * Interface to HL:LHG pew.qguadgapoles and shielding c1




D. Contardo, 1. Spalding Highlights of CMS Upgrade Program

Commission L1-Trigger upgradesn parallel* Jp° don during 2015
* Beready to install new Pixels in extend® (ET" .12016/17
* Replace HF FE in YETs and HB/HE phs J-det/ .ors and FE in LS2

~

8 TeV - 30 fb* \ LS1 Projects: complete detector and consolidate for
>0 ns 1 x 1034 Hz/cm?, prepare Phase 1 upgrades
LS1 * Completes muon coverage (ME4), improve RO of CSC
2013-14 | - Replace HCAL HF and HO photo-detectors and HF b
* Install new beam pipe - test slice of FPIX “
* Parallel optics and slice commissioning new L1 trigge %
— “oc-’ " v Phase | Upgrades: largely decouple?” orr eady for
(O]
23 i LS2 1.6 x 103*Hz/cm? by LS2 and ur<u 2.5 iz/cm? by LS3
T o 2018 .
o
o

Phase Il Upgrades: solve d<cector aging, high occupancy and
radiation hardness issugs, mitigate PU up to 2 5 x 1034 Hz/cm?
Enhance performance where/tatistics/systematics limited

LS3
2022-23

* Replace Tracker: pixels and silicon — track trigger capability
Phase 2 « Upgrade/replace Forward Calorimeters, ECAL electronics
. g;(-le)Hf(tz)l * Upgrade Trigger/DAQ: consider Track Trigger, L1/HLT rates increase
- e Consider extended n range for Tracker and Muons, precise timing

Sept 13 2013 * Interface to HL:LHG pew.qguadgapoles and shielding c5




ECAL end caps signal evolution

~ CMS ECAL |

* Cumulative loss of signal 1 f
S

expected, due to hadron
damage to crystals and

10

Fraction of ECAL response - F

: -~ Simulati

ageing of photosensors Sl
— Studies pioneered by ETHZ 2| [ TomTsERa |
NIM A 545 (2005) 67, NIM A 564 (2006) 164, L o0t 26ra amiyt :
NIM A 622 (2008) 266, NIM A 684 (2012) 57 S ;ggg ::j: :Eﬁ: zmjzj

* Replacement of end caps ol — =]
needed when 10% of light "
remains

=> replace end caps after 500 fb-!
to keep ECAL coverage to n<2.6
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ECAL Electronics

ECAL Trigger

L1A rate abs. max. (120-150) kHz (500 to 1000) kHz
L1A latency 6.4 us (fixed) (10 to 20) us
ECAL ‘spikes’ False triggers mitigate

ECAL ‘spikes’: signals from direct interactions in the APDs, causing false triggers)

ECAL end-caps (EE): rebuilding EE completely requires new electronics

Additional question: longevity of the electronics — this is presently studied

e Participation in the system design

e Participation in the required ASICs development

e Participation in prototyping, fabrication and testing of Front-End electronics
e Adaptation and remake of the DCS components (as necessary)

e Electronics installation and testing in the electronics integration center



CMS Construction: CH Contributions

roles since the 1990s
| E&I center

ETHZ - Hofer (em.), Pauss
" },‘,;ﬁ\. LA

/f,,' . Ny ,//

Crystal EM Calorimeter
76000 PbWO, crystals
ETHZ:Dissertori,Hofer (em.), Pauss
PSI: Ingram (em.), Renker (em.)

Pixels, Silicon Microstrips
ETHZ: Eichler, Grab

PSI: Horisberger, Langenegger
UZH: Amsler, Chiochia

i M etector

Weight: 12’500 t
Diameter: 15 m
Length: 21.6 m

Magnetic field: 4 T

~ 100M individual
detecting elements
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