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* LHC - HL-LHC and the Higgs
= HL-LHC Physics goals in the Higgs sector

e Unraveling the true nature of EWSB

e Precision measurement of the Higgs Sector

e QObservation of HH production, constraints on self-coupling
e Rare (uy, Zy...) or forbidden H . decays (t...)

e Unitarity via Vector Boson Scattering 3000 " 14 Tev)
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"% Challenge: Radiation Tolerance

3000 fb-1 Absolute Dose map in [Gy] simulated with MARS and FLUKA
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"% Child of CALICE in the Endcap &

CERNEp n Organization for Nuclear Rest

Organisation européenne pour la recherche

Back Hadronic (BH):
Si and scintillator + Steel
12 layers, ~5A

Forward Hadronic (FH):
Si and scintillator + Steel
12 layers, ~3.5A

Endcap Electromagnetic (EE):

The Compact Muon Solen01d g

Phase II Upgrade S| + Cu & CUW & Pb

Technical proposal

28 layers, 25 X, & ~1.3A

Technical Proposal
CERN-LHCC-2015-010

Concept is heavily
based on the simulation
and testbeam studies of

the CALICE collaboration

MIEO |
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ILC/LHC Contrasts

= Continuous-mode = Collision environment
operation required for e Silicon technology
CMS motivated in CMS
e Many-hour fills in a Initially by radiation |
circular collider with 25 ns tolerance, secondarily
bunch spacing, compared by performance
with more-widely spaced potential
bunches and lower _ _ _
frequency pulses of ILC ° Managing pileup is a
e Implication: power and Cr't'cal physics task to
cooling are much more pick out true low p_
Important for CMS than jets (weak-scale) from
for CALICE fakes produced by
* CMS: 125 kW cooling pileup fluctuations

requirement
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CMS p-p collisions at 7 TeV per beam CMS p-p collisions at 7 TeV per beam
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Approximate boundar :
pl?or “comfortable” Y = The CMS design places the full

operation of scintillator detector into the cold volume,
allowing a flexible boundary
between silicon (in high-dose
regions) and scintillator (lower cost
for low-dose regions)

= Dose rates along the beamline are
quite high due to both geometry and
effect of particles scattering off the
beampipe

= Dedicated studies have
demonstrated that the radiation
tolerance of plastic scintillator is not
affect at low temperature

= Plastic scintillator cannot operate
reliability for the life of HL-LHC in this
region
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= Each calorimeter layer
contains a copper plate with
embedded CO, cooling pipe at

Its core

e |nthe EM section, Si modules
are mounted on both sides of
the cassette

e |n the hadronic section, Si and
scintillator modules are mounted
on only one side of the cassette

Fe
Pb absorber
Fe
Cu shielding

PCB motherboard

ASICsetc. ———  —

PCB sensorboard —— —
Silicon
CuW baseplate

v

\\

Cu cooling plate
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Silicon Sensors

= R&D Sensor characteristics

e Sensor size of 6” (final target is 8”)
e Cell sizes of ~0.5 cm? and ~1 cm?
e Cell capacitance of ~50 pF

= Some design detalls

e 1kV sustainability to mitigate
radiation damage

e R&D sensors have four quadrants
to study inter-cell gap distance

and its influenceonV,_,, C_ and
CCE

e Inner guard ring is grounded, outer Calibration
guard ring is floating cell

e C(Calibration cells of smaller size for
single MIP sensitivity at end of life

June 26, 2017
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lower leakage currents

in the calibration cells

higher leakage currents
at the edge region
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Silicon provides
the necessary
radiation
tolerance for
HL-LHC in both
amplitude and
timing
measurements

%=  Full-sensor probe

dd-FZ 120 n-type (800V)

station at CERN

1T

unirradiated
6.25x10° nfecm?
6.25x10"° nfcm?

1.6x10'® n/lcm?

CMS Preliminary




1t PCB
Silicon sensor  wire-bonded to sensor

i - a

Full module with

with 8" Hexagonal Si sensors,
PCB, FE chips, on W/Cu baseplate

double-layer PCB readout
Modules {

H PSS T AN
~ Thickness 300 ym 200 ym 100 ym
) Maximum dose (Mrad) 3 20 100
N Maximum n fluence (cm~2) | 6 x 10 2.5 x 10%® 1x 10
" EE region R >120cm | 120 > R > 75cm | R < 75cm . . .
FH region R >100cm | 100 > R > 60cm | R < 60cm To cope with the irradiation | PU:
Si wafer area (m?) 290 203 96 - : :
Cell size (cm?) 1.05 1.05 0.53 T]'dependent depletlon of Si
Cell capacitance (pF) 40 60 60 [ | - N n II IZ
Initial S/ N for MIP 13.7 7.0 35 n depe de t cell size
S/ N after 3000 fb~! 6.5 2.7 1.7
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Need to have large dynamic range @ low power + low noise

L1 decoding logic

1
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64 (72) channels
b TOT
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ADC [ Buffer | ™

TOA [ Allen |
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Readout
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.. Truncation Trigger
Digital / Global
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Trigger path reduces granularity
and precision for L1 decision
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/

TOT and TOA implemented in
SkiROC2-CMS, moving towards
full chip in HGCROCv1
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Trigger

= On-detector

e HGCOC reduces granularity and HGCROC
energy resolution !l!!l!!
e Concentrator selects fraction of
trigger cells from several modules Concentrator ASIC

and also sends whole-module
sums

~ 300 Th/s

= Endcap trigger primitive generation

e Build 2d clusters for each layer

e Link clusters in 3d to create
electromagnetic and hadronic
clusters

= CMS trigger

e Combine with other CMS Correlator
detectors

e L1 Trigger decision Global Trigger

June 26, 2017 CMS HL-LHC EC :: AWLC17 13




silicon

= Low temperature in the calorimeter
volume suppresses radiation-induced
noise in the SiIPMs, allowing use of
SiPM-on-tile technology similar to the
CALICE AHCAL

e MIP S/N>3 for all cells through
HL-LHC

June 26, 2017

Reflector
Foil

UVLED\ SiPM Conceptual Drawing

Stainless Steel Cover Plate

_\ \ \ LV_PCB + fiber space for silicon

A - — =
_\Silicon + Baseplate Scintillator Front-End Board
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ASIC Scintillator

T CI T L ——

Light Calibration HGROC
System

Layout of cells takes advantage of

natural r/phi geometry of endcap to
iIncrease MIP signal at small radius
where radiation-damage is greatest

Electronics design will be common
with silicon section of the detector
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CO, Cooling

Cassettes FEA

Goal: AT~1-2K
emm Cu plate 1 pipe — uniform heat load

AT ~ 0.9K (over the cassette) .
Cooling Tube: OD-4.8mm, ID-3.2mm, Thermal Mock-up with tests
Length - 5.9 m, mass flow: 2.0 gm/sec, (CO, Cooling stations at FNAL, IPNL)

T -28.00C, T, . -28-86C.

RS O Thermad M0 W IO VRTTP-2 ST fo S0 Sies of e

= -y AT =T, - T,
HOC luml R 13
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Testbeam Proving Ground
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<+ Testbeam Configurations

Fermilab
« Up to 16 HGC modules tested.
* Electron beam with 4-32 GeV.

* 0.6-15 Xo absorber configuration.
« 120 GeV protons.

CERN
« Up to 8 HGC modules tested.
« Electron beam with 20-250 GeV.

« 6-15 Xo & 5-25 Xo absorber configurations.
« 125 GeV muons and pions.

8
vaﬂﬂ:
g | ﬂCERN: Noise ~ 2.4 ADC
=00 MIP ~ 17 ADC
4{‘“}; 4 S!(N £ ?4
‘3{]0;
125 GeV
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@FNAL: 16 layers from ~0-16X0

= AR

@CERN: 8 layers from 5-27X0
(also tested in 6-16X0)

250 GeV
electron l
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Procedure:

1. Subtract pedestals for each cell.

2. Cut on cells with less than 2 MIPs in an event, exclude types with unstable noise.

3. Sum of energy deposits over all cells. «—  Other summing schemes were studied.

4. Correct for losses in the absorbers. <«—— dE/dx based weighting of layer contributions.
Assumes: lonisation dominates.
Energy Scale Enert:wr F{esolutlon
. : — 0.3 : ]
— o T Tr T 7 T .I I. [ T | T 1 11 | L | L L l u":'l : CMS I :
:r:'l:) 300! Py E’I 0.25 - pre mmary Configuration was not optimised ]
E-_D___, - i ﬁl = for energy resolution.
L o . R ® 0.2
250
. - 5 X, - 27 X, ‘ ; 3
200F - sim - ; fm: s o 3
- -+ data 1 D-‘_ § —e—data ]
150_ 1 0.05 :_ .. & i : _;
N A s - ¢ . .
100F : g 05— 50 100 50 200 250 300
C )i electron energy GeV
50— " =85% global scale = - 180%E =
. correction to mmulahon i o =y o=
0_ 11 L | 1 | | | :@, 1DD%: ? T + * . :
0 50 100 150 200 250 300 a - | -
electron energy GeV % e — 3
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Full-Detector Calibration and Performance
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> “MIP” Tracking (“punch through”) | ]
" Require signal in layer before/after + isolation ‘

" (Can be done on any readout (L1, offline) —  LayerN+1
» Tested in MC minimum-biased sample N

with <N, >=140
> Need 1.5M events to reach 3% precision Layer N-1

(takes ~ 1 day)

|||||||||||||||||||||||||||||||||||||||||||||||||

Sopr Noise < 0.3 mips ] > In addition, for redundancy:
i " Low-capacitance/low-noise cell included

1600

r 28<1n<29 ] . . .
1400f . in each wafer for calibration
i N,,.=42800
1200 g .
10003 MPV rel. unc.: 0.4%
800 ¢/ .
600 g .
400f- . 8
200[- T, . .

Bt b o o b S e
0 05 1 15 2 25 3 35 4 45 5

HGCAL Geant4 Standalone Simulation E (mips)
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EM shower energy containment

Geant4 simulation ---2mmairgap -~ 4mm air gap
& B
E 50—
(X L
40—
~ Moliére radius ,’l
30— y
- 90% containment
20—
f— .,l /
L M | Py
10— " el 2
- //' 68% containment
- 1
L CE
:.__._I-II'
IIII|\III|IIII|IIII|I\\Illllll\
% 5 10 15 20 25 30 O

Layer number

Shower radius quite small in first layers.
Can use longitudinal segmentation for
PU rejection, ...
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Relative energy resolution
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EM Id Performance

> High Granularity + longitudinal segmentation
gives additional powerful handles for particle ID:

* shower start, shower length compatibility,

restoration of projectivity, 3D shower profile fits,

layer-by-layer PU subtraction, etc...

a.u.
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measurements

PU

* Particle flow reconstruction is not fully

optimized yet

> Reconstruction of E_~30 GeV jets is
important for vector-boson-scattering

> Jet performance at 140 PU is already quite
comparable to the original detector at 50
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> E. vy (GeV)
= TDC capability of the HGCROC
provides timing information to
improve pileup rejection and help
drive appropriate reconstruction

= 2017 Testbeam campaign using
SKIROC-CMS will allow first
studies of timing in fully-developed
hadron showers
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Project Timeline

> Now in R&D phase
" Fast progress since Technical Proposal (mechanics, sensors & modules, FE, ...)
= Several test beams session this year and last year (FNAL, CERN)
" TDR expected end of 2017, including key technical choices
" Construction starts in ~2019
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Summary

= CMS has decided to respond to the severe challenges
of the HL-LHC by adopting technologies pioneered by
the CALICE group to create a new endcap calorimeter

e Silicon/tungsten electromagnetic calorimeter

e Mixed-mode hadronic calorimeter

« Silicon-based sensing in high-radiation zones

* SiPM-on-plastic-scintillator-tile sensing in low-radiation
zones

= The CMS HL-LHC EC project has exciting physics
potential and poses many interesting technical challenges

e \We are benefiting from the experience and ongoing
developments associated with the linear collider
program

June 26, 2017 27

CMS HL-LHC EC :: AWLC17




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

