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ATLAS/CMS physics goal
1. Search for Higgs boson
2. Search for BSM phy5|cs

. 27km, 100m underground % |n Smtzerland % in Fance
» Designed Ecm 14TeV(14x1012eV) for p—p collisions
CMS upgrade N )ang @ Marseille 22 May, 2018




LHC operation Roadmag

- Success LHC, upgrade.needed for rich physics programs

Run 3

Run 2 ‘
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y;‘ Overview of CMS phase |l upgrade

Tracker:

» Si-strips and Pixels increased granularity
« Tracking in L1-Trigger

« Coverage extended to |eta|~3.8

MIP Timing detector:

~30ps timing resolution
Barrel: Crystals + SiPMs
Endcap layer: LG Avalanche Diodes

Barrel Calorimeter:

Trigger/DAQ:
* New ECAL/HCAL readout

~ + Tracksin L1
~* 40M > 750k(PF-like) > 7.5k

Calorimeter Endcap:

* Si, Scint+SiPM in Pb-W-SS
« 3D position + precise timing + Ene

Beam/Luminosity and common

Muon system: Infrastructure
* New FE/BE readout for DT/CSC

* New GEM/RPC 1.4 <|eta|<2.4
+ Coverage extended to |etal|~3

CMS upgrade




Timeline of CMS phase |l upgrade

. LS2 (2019-2020):
= GE1 and CSC FE for inner endcap disk 1-4
= Beam pipe/magnet infrastructure

- LS3 (2024-2026): All other projects

Calendar Year 2016 2017 2018 2019 ’ 2020 2021 2022 2023 2024 1 2025 l 2026
Long Shutdowns i “ [ s ]
Tracker: Outer « IEn(Inmln( - Prototyping § IPre-productlon - Production - Integration - Commissioing Inst. - Comm.
{Design - Demo.
Pixel |En||nc«ln; - Prototyping § IPn-productlon - Production - Integration - Commissioing Inst. - Comm.
Barrel Calorimeters % % o«
ECAL/HCAL |Ocslgn Demo. a Engineering - Prototyping 8 ¢} | Pre-production - Production Integration - Installation - Comm.
. Dem ) End cap 1: Inst. - Comm.
Calorimeter Endcep lo”l‘" °'l S é !E"""“""' ’1"““"'"' . § . End cap 2: Pre-production - Production - Integration - Commissionifinst. - Comm.
Muons: GEM1 |En|ln. § |Pro-prod. - Production - Integ Inst.
CSCIF! Engin. Il'u-prc .:/‘; Productl* FE ln} - BE Engin. - Pre-prod. § BE Production BE Inst. - Comm.
DT IEn;lnudng - ontotypltv IPrc-prc a Prodcution Installation - Commissioning
End cap 1: Production |Inst. 1
RPC |Design - Demo. « |Engin. - Proto. a kve—pro 2 End cap 2: Production linst.
a Pre-pro ESR Barrel Link Sys{cm: Productiotinst.
. . End cap 1: Production Inst.
GEM!chsl;n Demo. lEn;ln. Proto. & |Pn—pfe End cap 2: Pr i ctlon Tinst.
GEMOIDesl;n - Demo. IEngln. - Prototyping m o Pre-prod Productlon Inst. - Comm.
: :
MIP-Timing: Barrel lEng. Prot o Pre-prod. - Prod. - Int. in Tucl(er - Comm. Inst. - Comm.
{Design - Demo. = e =
Endcap IEngIn Proto o Prc-productlon Production - lntuntlon Commlsloln; Inst. - Comm.
L1-Trigger Conceptual Design g Ibedgn - Proto. - Demo. e IPre-productlon E Productlon Installation - Comm.
lDAQlHLT IDesIgn g lElectronlcs Proto. - Demo. V1 g Pfe-pro Demo. VZ » IElectronlu production - Slice |Installation - Comm.
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':‘ CMS Phase Il Tracker design

Radiation: ~2.3*10'® MeV neg/cm? i

. . =1000 fg
40 MHz input for L1-Trigger - ¥
. 400 g
Increased granularity 0 z
* OT Si-sensors = 200um thick - 90/100um pitch - 2.5/5cm strips - 1.5 mm macro-pixels in inner layers 0 0 500 1000 1500 2000 2500 z[mm] .

* [T Si-silicon sensors < 150um thickness - 50x50 to 25x100um? - large pixels in outer layers?

programmable

Tilted 3 layers of inner OT ==&/ =2
:
Extend coverage |eta|<3.8 I

- Reduced material R IR
0.0 0.2 0.4 0.6 0. 1.0 1.2 1.4 P
21200 | '
E1000 . | | | I | 1.8
= 2S:42 M strips in 192 m2 | | | | |
800 o | | 20
oT 600 !, !, ) ) ) 2.2
e NNNNN N A N ! h h h 2.4
PS:175 M micro- plxels in 25 m?,' ! h h h 2.6
400 SNNA NN A \ vl ! I h h 2.8
200~ \\\\0\ A \I \ \4 9\ 5 v ! \ \ \ \ 30
| pixXeis In 4. , ' ' ' ' 4.0
I'T :‘: 4 ﬁ 4 t - n': ; '] ! " | " o b
0 500 1000 1500 2000 2500 Z [mm]
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g Phase Il Silicon tracker sensor

Sensor R&D 2S sensor

Outer Tracker: N-in-p planar sensor /

» 200-240 micron active layer

« Bias ~800 V

- 3 different sensors |
« 2S:10*10 cm2, 2032 strip, AC

Macro pixel

read-out by CBC, noise ~1000e — ~
+ PS-s:5*10 cm2, 1920 strips, AC e ———
read-out by SSA, noise ~700 e Single sded, n-on-p module
 PS-p: 510 cm2, 30208 macro Planar sensor 3D sensor

pixels, DC readout by MPA,
noise ~175 e

Inner tracker:

* Planar sensors: radiation hardness to
be demonstrated, low signal

« 3D sensors: complex fabrication, high -
capacitance "-'-:-"-"]

= 500 pm

"

Metal to be deposited after thunning Residual handle
Handle wafer to be thinned  wafer thicknews
$0 - 100 ym

FBK CNM
Many R&D efforts still ongoing, Global effort of silicon project at LHC
CMS upgrade




Outer tracker readout

2S module PS module

Strip sensor e
2032 strips 1920 strips opton
Hv:‘ore: Spacer . "WWT -
30720 micro-pixel o
2032 strips g Flexible
hybrid
Fe yord ot - nlwuvvs
JJ“ cc || cic 3
Service hybrid — . Cowe —
LpGET i (\k)) B e LpGeT
" =1 FPGA
. s+ CBC3 available and fully
EF o Fe vy ™ =< functional
§& « MPA/SSA full size chip received
4 » CIC specs finalized
« Trigger data: 80% * |IpGBT expect for users in 2018
+ LpGBT: transfer data and distribute clock/control signal « DC-DC powering
* Filp-chip bump bonding for FE ASICs * Hybrids: new orders

CMS upgrade




~ 1500 m

v

Inner Tracker readout

+— Electrical cable

D e Base Strips ——————b y

Readout chips
Pixel sensor

High density interconnect

1*2(L) and 2*2(R) modules

Digital Chip Bottom (DCB)

|-

Aoc || catoe| sias DACs | [conspu TIMI @%I

' Technology ' 65nm CMOS
Chip size 2mm x (164 mm + 2mm)
' Pixel size 150 x 50 um?, 25 x 100 um?
" Number of pixels 144320
" Detector capacitance "< 100 fF (200 fF for edge pixels)

Detector leakage current

< 10nA (20 nA for edge pixels)

Charge resolution
Pixel region organization

Detection threshold < 600 e-
In-time threshold < 1200 e-

Hit rate < 3GHz/cm?
Noise hit occupancy <10°®

[ 4bit ToT (Time over Threshold)

2 x 2 pixels (alternatively 4 x 1 or 4 x 4)

Hit buffer depth (2 x 2 region)

> 8 (for 12.5 us latency)

Hit loss (dead-time + buffer loss)

< 1% at 3GHz/cm?

Trigger rate

< 1MHz

: Radiation tolerance
| SEU affecting whole chip

Readout data rate

Power consumption at max. hit/trigger rate |

| 500Mrad, 1 x 10'® neg/em® at —15°C

14 links at 1.28 Gb /s = max. 5.12Gb/s

< 0.05/hr/chip at 1.5 GHz/cm? particle flux
< 1W/em? including SLDO losses

Temperature range

—40°Cto +40°C

| 00an | | oo og | | smooan | [ smoo o | [oveome | | sM00an | | swoo_ o || siooae | swoo o

~ 300 pm

"

OAOROROAANAMN ew- AOOOOOROOOOOM

Functional overview and detailed layer out of the demonstrator chip

ASIC chip developed
by RD53 collaboration
for both ATLAS and
CMS detectors

10



Phase |l Tracker performance

- Tracking efficiency is robust w.r.t. radlatlon and plleup

Stub efficiency

Average number of layers

CMS upgrade
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The Phase-2 Upgrade of the

CMS Endcap Calorimeter| ((CMS Barrel Calorimeters

Technical Design Report Technical Design Report




- New Calorimeter: 3D shower + energy time s

|\ s / A A A A A A A A A A A A A A A A
| | Ca Ca [l llliiiiiiiiiiiiiiiiiidddiidds llliiiiiiiiiiiiiiiiiddaids e N

MEO

274 |ff [l

3135

GE1N1

- Ecal (CE-E) —
= 28 layers Si + W/Pb/Cu
- 25X, & ~1.3)
. Hcal (CE-H) - = ==
= 24 layers Si/Scintillator
+ Stainless Steel
= ~8.5A \\\;; ?.4..1
- Total Silicon: "]
= 600 m2 S
- Total scintillator = =55 T
= 500 m2 = el —
- 6 M Channels ETe e

5641 Back side of Back flange from IP

CMS upgrade




y,:‘ The HGCal design

8inch, 1.18cm2(192) / 0.52cm?2(432)

Hexaboard

Sensor

Cu/W Base plate

Sensors (Hexagon) Module Assembly 1

- mounting
4 screws/spacers

. N connection plates ' -
interconnecting ring
support cone
cassette stack
(]
CE-E back disk

Stacking

CMS upgrade




HGCal readout

_________ e s ————————————————— T U A
r i Pb 2.1 mm + SS 2x0.3 mm
VTRX+

]
)
LT e | P +Cu0.1mm
E ©10.24 Gb/s 1 i (U
1 ! O
] ]
: LpGBT - Air 1.5 mm
] |
: I P2
: [ ; I .
: [ Tiger 1 oa SCA : : (@] Cu-W1l4mm + Si0.3mm
g : P =
1 i el : N
I (R A0 ;
- CLK & ¥ c
E f o Cue.0mm Cooling plate 3
I Timing: U 3
: Oll:‘ﬁ.: / \ i m
i : o Cu-W 1.4 mm + Si0.3mm
i «1—C1K, Fast Timing 12€ i E
! o
i : -8 Air 1.5 mm
=
Pb 2.1 mm + SS 2x0.3 mm
+Cu0.1mm v

~ FE developed from SKIROC

» HGCROC V1 is under test

| Final version expected in 2019

e e
S Costol | 1XC Basdgap

DAC2
ToA theeshold \Asrm Veluge Reforences
-

( s
PLL/DLL DACH
Time messurement
olnks ToT deesheld
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HGCal hadronic calor

o &
: g
3 -
reflector foil fine-pitch connector twinax cable Cu6.0mm
with adapter board (4/8 diff. chns.)
UVLED \ SiPM copper cover plate  for twinax-cable small tle in cutout of adapter board

in mm,
1.0

f not in scale

v |

T [ meneoapcs | |

4 1| \
15 ¢ || \ '

v tis

1.3 * || Silicon + Baseplate 16 4

£ §20
6.0

light calibration system, HGROC polyimide isolation (50um)
GBT_SCA, regulator

Motherboards for SiPMs
readout

Motherboards for
Silicon sensors readout

‘T
‘r
7

AW .

~

~e NN 3

CMS upgrade



T 7 -
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RSN EF TR Si ()| stochastic | const e
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A ! Phase Il barrel calorimeter overview

-
m

- Upgrade electronics only (very robust detector)

= VFE 20ns peaking time, 160MHz sampling, 30ps resolution@30GeV ely
= 40 MHz readout capability New VFE card New FE card

= FE with 10 GB IpGBT ASIC
- Operate at 9°:
= mitigate APD aging

VFE:

* TIA: VO-ASIC concept demonstrated
« CATIA: full features 2018 (TSMC)
 LITE-DTU: submission Nov. 2018
FE: demonstrator in 2018

Master IpGBT ASIC
Control (2.5Gbps)
Readout (10Gbps)

. 3 x Readout IpGBT
Readout (10Gbps)

Versatile link plus
[0 Control link

Readout links

APDs Pre-Amplifier ADC

Vddi  Vddo ‘'m  CATIA

0o LUT :12 bits + 1 bit

ADC P TR T E adrehowes LpGBT
| ' o Ll
I : Sogeto | o0, b 3 2.56 Gb/s
Rra P2© ; : a ok —> Digital : 4 Data -
N - b 12bes | Gain —/—_ODL”J’T""E-/- Trasnmission | —— ' elinkin
: Sngle 10 sclecton| s Unit 10.24 Gb/s
‘[ o 2] w2 it bkl

] | al
-L Nit t v PLL <«—— eClock
T Pr | TIA | s '

Test pulse

CMS upgrade
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Phase Il Muon upgrade overview

- Drift Tube (barrel): 40 MHz readout with improved z/t -precision
- Resistive plate chamber (barrel): readout with improved t-precision
- Cathode Strip chamber (Endcap): ME234/1 readout with higher bandwidth

and latency, replace ME1 with higher radiation hard components
- New stations: GEM1/GEMZ2; iRPC3/iRPC4, 1.6<|n|<2.4; MEO, 1.15 <|n|<3

n 1 02 0.3 04 0.5 086 0.7 08 0e 1.0 1.1
e° 3° 788° 73.1° 87.7° 62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n o
|

] EE5 v drmemaym )/ TV A AT A T ] 3 12 335°
j ; / ' / : 2 }‘_/ // o "‘_./

F-
N

0
84
i
{
i

E
@

dids

Mol

1.3 30.5°

14 27.7°

b
N
\E
\

15 252°

= 1.6 22.8°

1.7 20.7°

-1 18 188°
o 19 170°

i A 20 154°
3 —————————— - e et

7 7 ; T 5 2D - 4 22 126°
23 115°

24 104°
25 94°

_______ 28 7.0°
----------- 3.0 57
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Status of muon upgrades

OBDT Prototype s
FIGA

Prototyping of board/detector

LVDB (low voltage)

MEO

20 degree layer
T 21 yers

-

OH

_ readout strips

F— TorEB




R

Expect improvement from muon upgrade

Detector % live channels projection to LS4

(D)CFEB event losses for HL-LHC conditions

151 152 1ss LS4 P PR—
100 ) N o- N g T 1 1 T 1 -
| . \ DT 0.08 —ME2/1 CFEB (Phase 1) -
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1 - 3 —ME2/1 DCFEB (Phase 2) -
% 28% 8 N ]
E 0.04'_— -
- B csc -
- 45.6% 0.02—
L ;Iuminositly ) ) ! 4
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% g 1 rrryrJrrrrr T T T T
= - ttevents
= - Phase-2 <PU> =0, 's = 14 TeV
) ":: - Phase-2 <PU> = 140, \s = 14 TeV
= - =  Phase-2 <PU> = 200, \s = 14 TeV
g a Phase-1 <PU> = 35, \s = 13 TeV
p 10"
g p
S ek FhaagaTen,dTy e osC Station ME4
- -+ on
§' 254 + Y1 Jcsceem '
= . ® Station ME3
10+ . \
Same eff. : Phase Il vs now 2 .
Station ME2
- 0.12CMS___CMSPhase2 Semdaion 10°% "5 3 s 2 g (0 P
= F 14 Tev, <PU0 — a2 PCam0 93 Muon il : .
b 0.1} — a1 DTG e ~ .| Station ME1
@ - ’ L
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0.04f -
0.02f- -
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Calorimeter upgrades:

Precision timing of showers

Provide precision timing on high energy photons in ECAL Barrel

~

\ \
\ YA

\

All photons and high energy hadrons in HGCal Endcap

CMS,

Thin layer between tracker and calorimeters
MIP sensitivity with time resolution of ~30 ps (40 ps end of life)

Hermetic coverage for |n|<3

CMS upgrade

Huaqgiao Zhang @ Marseille

BARREL
TK/ECAL interface ~ 25 mm thick
Surface ~ 40 m?

Radiation level ~ ~2x10" n, Jem?
Sensors: LYSO crystals + SiPMs

11*11 mm?2/cell

ENDCAPS
On the CE nose  ~ 42 mm thick
Surface ~12 m?

Radiation level ~ ~2x10" n, Jem?
Sensors: Si with internal gain (LGAD)

1*3 mmZ/cell

22 May, 2018




R&D of MTD

TEST BEAM PRELIMINARY LY 0 11x11x3 + FBK-NUV-HD 5x¢
>
Yoo
c ¢ 0« 38 ps (N0 wrapping)
g 9~ 0 = 30 ps (rear wrapping)
g 0.12 & O = 27 ps (rear + front wrapping)
—
(Y

=3

wrapped ‘ o -
crystal tile S o

0.02

HPK 50-micron sensors 50D
100 Time Resolution vs Gain T=-20C
Single Single pg = © HPK 50D pre-rad
280 } O HPK 500 1e14
48 mm c A ©
o s 0 o HPK 500 3e14
LGAD sensor S 60 t v
2 A 4 HPK 50D 6e14
96 mm 0 0 P+4° o N
S m— S 4 | o 0o, . OHPK 50D 1e15
o 0 @ 00 00,4
OQOA
LGAD sensor 20 B O +HPK 50D 6el5
- ™ 0 ' '
Single  Sing}
S e 1 10 100

Gain
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n u L] u
X Expected improvement with MIP timing detector
-
-
CMS prase 2 smuaion ML 1S0OMGLION CMS Phase-2 Simulation Ys=14TeV
e e o)
> b _-— ™ ) "
2 [ (Pu)=200, inl<28 S Pileup jets
2 008 2z :
‘g 0081 >y, 5 &
5 - ——MTD o, = 30ps S b - + + + ‘
- " Q L T - |
L SRR
s | 2 ok | by 4
& 0.04- ‘ Q osly ¢ + + T Tty T
c - o + ' -
g z | |
0.02- Signal Detector requirement Analysis impact Physics impact
H— 7y 30 ps photon and track timing | S/VB: +25% (statistical) — No MTD
T ST T e vre——— ——  barrel: central signal +20% - isolation efficiency precision on )
-2 1 1 t 1 © endcap: improved +30% - diphoton vertex cross section
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. xEx0 - 30 ps track timing S/VB: +150 GeV -1
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Long-lived | 30 ps track timing mass reconstruction unique sensitivity
5 - - H>
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9 09 o SUSY with com- | °
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- L1-Trigger

L1-Trigger

= Tracks in trigger @ 40 MHz
= >50 Thb/s input
= 12.5 us latency

= Accept rate: 500kHz/750 kHz @ 140 PU/200 PU

*poaﬁbb direct links from TF
*possible direct links to GT

Correlator Trigger
Global
Trigger

PPS

BPTX

BRIL

New firmware and new ideas to
handle challenging trigger:
PF @ L1, 3D calor clusters

CMS Phase-2 Simulation, Js = 14 TeV, <PU> = 200
Er > 3.0 GeV

Minbias

Er> 1.0 GeV

Er> 0.5 GeV

Entries [a.u.]
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DAQ and HLT

- New TCDS high speed serial distribution of precise First ATCA DTH prototype in Q4 2018
clock and multiple triggers data steam

- Systems interface with DTH ATCA boards
« HLT output at 7.5 kHz, 4.5 MHSO06 for 500 kHz (140

PU) in LS3 plus 4.7 MHSO06for 750 kHz (200 PU)
staged to LS4

O
> Detector Front-Ends (FE) »
= Custom electronics systems g -
17}
Il ol | P2P Custom data links and protocols -
~ Trigger ® X
data =
— Detector Back-Ends (BE) Q1
i Level 1 T”ggers \— Custom systems electronics and interconnects. Modular electronics g :
O L T T | Event dat: L ‘: 5
g L v BUSY L1A&CLK l [ fr.:(;:n:-v:!: l (/);‘ -
Trigger Control o DAQ interfaces
TTCTS > Standard data links, networks and protocols. Modular electronics. )
7 LIAZCLK
tcax b b b b b
| Data to Surface (D2S) | 4
Q
| I [ | VO Routers&Buffers | il BEE
I | | Switches/PC based sytems I I @ 2
¢ M Event networks, HPC interconnect e 3
O Commercial data and communication systems § =
@ 3
é‘.

l l d:l E!:] E!:l HLT Systems Eej IMergle

Storage PC farms/clouds

Transfer to TO
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':‘ Summary

-
m

- CMS Phase Il upgrades have been approved by LHCC/UCG
and CERN RB recently

= L1-Trigger, DAQ/HLT and MIP Timing Detector TDRs is coming
- Production MoU expected to be proceed in coming RRB

- Progress being developed

= Key components such as silicon sensor, gas detectors

= Electronics such as various FE ASICS, IpGBTs

= [mprovements to detector performance/physics outcome
- France/Chinese collaborate on CMS upgrades

Phase |l Costs Fraction
59, 3% 3%

5% “
0, \
dis Muon

= Barrel Calorimeter
DAQ/HLT
= Mip Timing Detector

= L1 Trigger

= Tracker
= HGCal

CMS upgrade
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Silicon sensor radiation tests

¢+ dd-FZ p-on-n 600 V " dd-FZ p-on-n 800 V ¥ dd-FZ n-on-p 600 V

A dd-FZn-on-p 600 V v dd-FZ p-on-n 600 V + Epi100 n-on-p 600 V
A dd-FZn-on-p 8OOV ¥  Epi 100 n-on-p 600 V + Epi 50 p-on-n 300V 2
*  Epi50n-0np300V 107 ——=— . ——
25 I T Rescaled to -30"C " Epi 100um
" dd-FZ 320 (298-291um) "’E - > e
- o ‘;"...;l
< P
a(600V) = (2.3420.06)x10" Alem T
' dd-FZ 200 (228-209m) ) i s st A dd-FZ 120um
1) - > g 10'3 —+ a(reference) = 2.763x10™ A/em _,{;}‘ -
g . dd-FZ 120 (145-131pum) 2 /F»F(
: ' Epi 100 (96pm) 9 P M/ ,v—‘ dd-FZ 200pum >
t : "R iﬁpc 50 (49pm) 8 .
A TS <
e ]
10'® 15 16
Fluence, nm/cm2 0 10 10

Fluence, n/cm?
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Silicon sensor irradiation tests

Y
i

EO.G

0.6
0.4

0.2

']"'V]‘VV‘[VV‘V[V!V?" TTTTTTTYTY TY ‘ IRAALS RARRE BAR ™

Si N-on-P 120um i Si N-on-P 200um | g' '

== 0,00E+00 = 0.00E+00

— 6,25E415 < —1.50E+15 { <

— 6.25E4+15 §0~0 —2.50E+15 1 go.a

e 1,00E4+16 —2.50E+15 ;
1.60E+16 4.00E+15 l

04 04

0.2 0.2

(WETR W

AAAAAAAAAAAAAAA

a 3 1.6"0'6 eqn/icm? 4 5 U R B B B B

4
o 1= 152064 (ng) 1= 19006400 (ng)

Si N-on-P sensor produced by Hamamatsu
120, 200, 320 um tested

Neutron radiation up to 1.6*10'® 1MeV n/cm?(120um)
Beam and Sr® tests give consistent results

Pulse shape after radiation changed marginally
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Out tracker module

Underfill 2S front-end hybrid

CIC I 8xCBC

1/2 strip sensor

1.8o0r4 mm

1/2 strip sensor

Underfill PS front-end hybrid

\

1/2 PS-s sensor

]
1.6to4 mm

W Underfill
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- In front of IT sensors

Inside IT tracking volume

-Bmonll’nndOT 1 '4
- Inside OT tracking volume 1 2

Phase-1 Tracker

1.6 Phase-2 Tracker Bl oot 7 sonsons
CMS Simulation

= CMS Simulation

X/X,

><°
X

Inside IT tracking volume

T [e——
- Inside OT tracking volume

1
0.8
0.6
0.4

lIT]TYIITTIIITTIITTITTT]T

lllll]lllllll]lll]llllll

0.2

IS IS I TS I DO i |
0O 05 1 1656 2 25 3 35 4 00 05 1 156 2 25 3 35 4

In In|
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Silicon sensors

Prototyping HPK 67, 300um, 1000V bias

25
)

8" baseline design

------------

AAAAAAAA

AAAAAAAAAA

,,,,,,,,,,,,,,

............

.............

.............

..............

..............

,,,,,,

............

..........

..................

AAAAAAAAA

..........

Active thickness ( ym) 300 200 120
Area (m?) 245 181 72
Largest lifetime dose (Mrad) 3 20 100
Largest lifetime fluence (neq/ cm?) | 0.5x10% | 2.5x10"° | 7x10"
Largest outer radius (cm) ~180 ~100 ~70
Smallest inner radius (cm) ~100 ~70 ~35

Cell size (cm?)
Initial S/ N for MIP

Smallest S/ N(MIP) after 3000 b~

4.7

23

CMS upgrade




Silicon part Front End readout

- Requirements (not a full list)
= Radiation hard (of course)
= Low noise: <2500e

— Including sensor leakage
current noise

= Shape time: <20 ns

— Sensor pulse Shape is 1-
2ns

= Dynamic Range 0.2fC -10 pC
— High gain for <100 fC
— ToT for ~100 fC — 10 pC
= Low power: ~20 m\W/channel

— total ~ 100kW for 6M
channels

= <100 ps time resolution per
cell

= 36 bunch crossings latency

_—i]

g 8 8 8§ 8 8

L1 decoding logic

[ Local R/W Control N
L1 Buffer
Data
e
readout
suppress manager —&:

\
Trigger cells

v

@ 40 MHz

TOT/ADC

¥ . Truncation Trigger
o 2 Digital / Trigger

- [ h) ~» Compression/ == readout

S /

Correction ama
dorY) Rer
O-suppress

\ /
~
PLL/DLL DAC | DAC 2 Slow Control / 12C Bandgap
Time measurement
¢-links ToT threshold || ToA threshold ASIC parameters Voltage References
J

HGCROC1, Submitted July 2017

See details from Christophe de La Taille’s slides
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,,,,,,,,,,,, crab-crossingr 160 ps

140
E |
£120
T100
wn
T 80
m 2
@ 60}
40|
20}

YT

TrTT Y

W BN B L B B

|An, 1>0.8

-~

T

L

Lm

i I nr
q”.-._x...mr.—.-ﬂ&'r.l...l..

00-80 -60-40-20 0 20 40 60 80 100

Vertex location accuracy (mm)
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60 ps time resolution =» 2 cm position resolution for |An,, [<0.8

CMS Simulation CMS Simulation
Crab-crossing: 160 ps
S 80:‘”',””,'-”]'-”.:
€ 2of 1An_1<08 ]
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Vertex location accuracy (mm)
1 1(.3MS Simulation Preliminary 13 TeV
T H— vy (m_ =125 GeV)
C Data PU scenario (12.9 fo’)
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+ True vertex efficiency

- Average vertex probability
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