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Experimental prospects

Physics at the HL-LHC ;

*  The HL-LHC will deliver us 3fb-! of pp collisions per day

leveled luminosity : 5 x 103" cm™ 7! = <PU>=140

CMSPropctnon
. ———————T——
3 ab™! after 10 years (2025-2035) ﬁmmmm T o ety e
arXiv:1307.7135
« Higgs factory o
Kw
. : K
expect 2-10% uncertainty on Yukawa couplings Kz
g
. Kp
~30% on self-couplings K,
x1 L] ]
test ViV = VIV unitarity e b
0.00 0.05 0.10 0.15
expected uncertainty
- ...but also ultimate precision (as pp allows It) : B-, top-physics,... ning = 10
(LHCS: m; ~ 700 GeV)
- Keep searching for new physics i SUSY
(m; ~ 400 GeV) tuning ~ 1:102
characterise Run Il / lll discoveries : dark matter! SUSY? new resonances! / . (LHC14 : m; ~ 2 TeV)

push the energy frontier

uncover deviations from the SM or In rare processes

(*) cartoon taken from G. Perez @ TOPLHCWG May 2014



Experimental prospects

Machine schedule

4

Last vpdate - December 2013
2009 ~ LHC startup, Vs 900 GeV
2010
2011 Vs=7+8 TeV, L~6x10¥cm™?s", bunch spacing 50ns Run 1
2012 ~25 b’
2013
014 st <  Go to design energy, nominal luminosity - Phase 0O
2015
2018 Vs=13~14 TeV, L~1x10*cm?s", bunch spacing 25ns Run 2
2017

~75-100 fb"
2018
2019  LS2 Injector + LHC Phase | upgrade to ultimate design luminosity
2020
2021 Vs=14 TeV, L~2x10*cm?s", bunch spacing 25ns Run 3
2022 B ~3501b"
; __ __ E— - . —— e m—— e =

s00s LS9 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?
2025
aans . Vs=14 TeV, L~5x10%cm?s", luminosity levelling

~_ = — - = — - Sa— = S———a— e

By now detectors are ready for Run Il (pixels, electronics, trigger upgrades needed for Run |lI)

In the next slides will focus on the preparation for the HL-LHC



Experimental prospects

HL-LHC: requirements for the endcap calorimeters

* Use global event description in the high pileup environment
good energy resolution for em. and hadron showers - same or better than current detectors
enable a powerful and flexible trigger

* radiation hard

lag jets in
* high efficiency and good resolution for VBF jets in acceptance =~ =~ - ~«  VRF H—11

~
2

Y
CMS simulation,{s=14 JeV

u0.06 . ;
Q [ —— mostcentral v .
- Calorimeter design driven by physics performance 005 — most forward W |
L : L
high lateral and longitudinal granularity 0.04~ _I__;_\_l_ :
small Moliere radius (radiation length) and interaction length o031 : :
resolutions consistent with physics goals 0.02 E !
good absolute and relative calibration 0.01:_ ' |endcap
: I— region .
flexibility in creating L1 trigger primitives A AN I e llill_Lghl

35 4 4.5 5
Pseudo-rapidity



High-Granularity Calorimeter for CMS

Imaging particle flow calorimeter inspired by the ideas developed by the ILC- CLIC communities
CMS Is investigating the usage of a high granularity calorimeter with ~6.5M channels of Si pad detectors.

Within CMS, the final decision on the endcap calorimeter technology will only occur end of March.



Why HGC?

*  Dense, high granular 3D sampling calorimeter provides
unprecedented topological information and shower tracking capability

energy resolution well matched to boosted particles and jets in the endcap acceptance

- Exploit this potential for feature extraction and precision calorimetry
Level-| trigger and offline reconstruction with Particle Flow
unfold the effect of non-projective geometry by tracking showers

used 3D shower development to further improve e/y identification

as well has T1* and neutral reconstruction in jets

apply pileup subtraction and measure shower energy using dynamic clustering



High-Granularity Calorimeter for CMS

Conceptual design

FECAL 25X,
Front HCAL 3.6\

Backing HCAL 551 Tl / ST
’N el s

Front shielding

y .",‘, ’:." s ALY




High-Granularity Calorimeter for CMS

Calorimeter concept

28 layers of W/Pb/S

total 25 Xo / |\

3 sub-sections increasing Xo
(10x0.64X0 + 10x0.88 Xo+ 8x1.1Xo)

cell size 0.5-1cm? = 4.8M channels

|2 layers of Brass/Si (0.3N)

total 3.6\

cell size lcm?2= 1.96 M channels

|2 layers Brass/Scintillator (2 segments)

total 5.5\

HGC COOLING PIPES ROUTING

(LAYOQUT-DRAFT)

CO2 pipes outside of HGC

, h A
: -!_‘_&_;.,, w:

RETURN HEADER
- ..

N\ e i AL
= . iR ajiagiagba B
Warm-cold
transition
E;qptamam;ampsspfspsspﬁr;
i ] L H=]

|

Cold volume
-300C

T s

S KR

SRETE,

SEREREREE

X

R A R A A R S B S B SR RS A A R A R

n=3.0



High-Granularity Calorimeter for CMS

Comparison with the Si tracker

10
Tracker Calorimeter
Material budget ight materials wherever possible dense, with small Rm
care with placement must not yield large gaps
carbon fiber/ Al-CF W, Pb and or Cu
charge hadrons neutrons
fine strips large area pad
precise loose tolerance
small large
| | | | operate at -30°C (maintained with CO, cooling)
Rad|at|on Ievels up to 10'® | MeV neutron equivalent
1MeV neutron equivalent in Silicon, HGC, 3000fb™ g 0-4CMSgimulationy e ahokt: 0.5 MIPs
250 e e e —— 1e+17 §0.35 L % I 1.5<hi<1.6
- - é K . 5 1.8<hi<20
. . 200 1e+16 L i A 2.1<hl<2.2
Si width - :/ég S 2.1<ii<2.2
‘e S 2.4<hl<2.5
300 ym (lecm?)  E 150 Te+15 o I % Ezkhkza
) 0.2 T b
- i % :
= 100 14 g <PU> 200
200 pm (lcm?) T T LT e A
50 1e+13 R — PV - T A —
100 pm (0.5cm?) - N ey
0 1e+12 TN aaang, haytep "-.,.
280 300 320 340 360 380 400 420 440 ey R TN
35 40

CMS FLUKA geometry v.3.7.2.0 Z [Cm] Layer number



High-Granularity Calorimeter for CMS

Comparison with the Si tracker

11
Tracker Calorimeter
Material budget ight materials wherever possible dense, with small Rm
Services and support structures  care with placement must not yield large gaps
Support and heat transport carbon fiber/ Al-CF W, Pb and or Cu
Radiation (main source) charge hadrons neutrons
geometry fine strips large area pad
Placement | precise loose tolerance
Dic ,, small large
Cooling operate at -30°C (maintained with CO, cooling)
Radiation levels up to 10'® | MeV neutron equivalent
1MeV neutron equivalent in Silicon, HGC, 3000fb™’ : :
250 —— le+17 . E[GeV] | <max AE>
—— (pr=150 GeV) | [pC] *
Si width 200 1e+16 — 8 A6E :
.E ---------------------------------------------------
| gl — 150 1e+1 <
300 pm (lcm?) £ 3 2.2 685 9.8 pC
T 100 1e &> .. cn
200 pm (1cm?) £ 30 510
50 1e+13
100 pm (0.5cm?) —
0 1e+12 * [MIP=3.5 fC for 300 pm
280 300 320 340 360 380 400 420 440 | 0pC=2850 MIP

CMS FLUKA geometry v.3.7.2.0 Z [Cm]



High-Granularity Calorimeter for CMS

Si sensors |

* Pulse shape before and after irradiation
* p-in-n diodes, 600V bias, 50ps IR laser pulse A=1060nm

After neutron irradiation: shorter pulse and rise time (width < |0ns)

o
00
I

relevant for timing capabillities CMS Preliminary
1 E I s T | T | a

'3 ref N, 320 um ——

ref N, 200 um ——

it ref N, 120 um ——
. N, 320 um, 6x10'* n/em™ -~~~ -

N, 200 um, 2.5x10'3 n/cm2
l : iy R

N_120 Ux 10 - n .
N, 120 um, 1.6x10'® n/em™ -~~~ ) .5 higher dose with

N

A | respect to the one
expected dfter 3ab™' at

o
o)
|

Normalized spectra (height = 1) [a.u.]

0.2 =
0
86 88 90 92 94 96



High-Granularity Calorimeter for CMS

Si sensors ||

Fluence effect on charge collection efficiency

n-type, @600 V

p-type, @600 V

210 um, unirr., p-typep = = -

291 um, unirr., n-typep =——

O

- expect S/N ~ 2 after 3ab™! of pp collisions n-type, @800V © 131 um, unirr., p-typep = - -
o)
L 4

p-type, @800 V
284 um, unirr., p-typep =

25 I I
CMS Preliminary

(N
-

N T T T oo

......... onpadsensorsZOC1063nrn_

ng I SN o
= ¢ o
S :
C'/)-‘]O R UUURRUURE U o

| ! ! ;' :
Signefl normalized to 73e/um from CCE

annealing 10min@60°C

== - — — - - == — — 1}

_

1.5 2.5

Fluence [10 15 neutron/cmz]

218 um, unirr., n-typep =——
145 um, unirr., n-typep =

4000e

3’000e"



High-Granularity Calorimeter for CMS

Front-end electronics |

14

Input stage: cascode with PMOS input transistor with resistive feedback - 2mW @ 1.5V

Leakage compensation with Trim DAC (negligible contribution to noise)

Shaper: DC coupled, Sallen-Key low pass filter built with RtR amplifier

3x400pW 2x | OpF driving capabllity

peaking time 20ns (1 5ns after [t stage four double pulse resolution) for pulses
up to 100fC
o 200 =
AN I
I g for signals above

~Power: g A5V
Preamp
Shaper (3x RtR)
ADC
TDC

2mW

1.5mW N q The
1mW .
2-4mW gl (rasoliion Zx 1pG n S0ne)

(200-100ps)

60fC

26Viange (@ ) |

SAR ADC (10b)




High-Granularity Calorimeter for CMS

Front-end electronics Il

15

»  Full SPICE simulation of the analog performance

use time-over-threshold (ToT) regime to provide low noise (~2k e°) and cover full dynamic range

potential for ~50ps timing for cells in the core of showers with Er>2-3 GeV

*  Dead-time due to high energy, long ToT cells from bunches previous to trigger

preliminary estimates indicate both small fraction of cells (<10-*) and degradation of the resolution

keep as back-up a low gain design (larger noise, ~ | Ik e”) without saturation

Tue dan 27 11:25:10 2015

50.0 -
£40.0 -
30.0 -

20.0 -

10.0 4

Il TOT_RtRD

T0 histo, 1001C signal, Cdet=50pF, ileak=9uA

No. of Samples

20.0

oy
=}

50 -

nn

10.0 -

TO
100fC signal
RMS 50ps

M HeuTo

166 1665 16.7 1675 168 16.85 169 1695 17.0

BIN (n)




High-Granularity Calorimeter for CMS

MIP calibration

16

*  Full calibration procedure developed: full acceptance and expected life-time

*  pileup is rich in pions = MIP-like deposits in calorimeter (before interaction)

 tracking in the calorimeter allows for the isolation of clean MIP signals

- calibration of charge possible with S/N=2

- low noise cells provide local calibration with S/N>5

*  (same electronics as standard cells, but smaller area: use to study systematics)

layer N+ | CMS Preliminar

11649

e = 0.25 MIPS | mean 1.335 + 0.00736

/GyeI’ N ,/, 500 RMS 07813 +0.005204

, n< 2.90 Underflow 0

B Re Overflow ars

/C]yeI’ N- { 400 1 I ndf 2279126
Prob 0.6446

P PO 0.09901 + 0.00607

300

s/ pi 0.9146 +0.0046

p2 539.7 £10.0

p4 3.004 +1.090

200

/
,/
,/
/
,/
(4
4
¢
/

7 100
¢

4
/

“isolate MIP signal in 2 previous layers
and Z2consecutive layers

<PU>=200

et 1
0 05 1 15 2 25 3 35 4 45 5

Eo 5¢05 cme (MIPS)

Entries 2970
se = 0.50 MIPs | wmean 1.353 £ 0.01617
RMS 0.8617 £ 0.01143
QAN < 2.90 Underflow 0

Overflow 129

x? / ndf 1392/21
Prob 0.8729
PO 0.16 £0.02
pi 0.8645 +0.0398
p2 3053 £14.0

p4

-3.359 +12.778

<PU>=200
SIN=2

0 05 1 15 2 25 3 35 4 45 5
Eo 5405 cmz (MIPS)



High-Granularity Calorimeter for CMS

Cell inter-calibration and energy resolution

17

* As a sampling calorimeter resolution i1s dominated by fluctuations (stochastic term)
- Need to achieve the smallest possible constant term on e/y resolution
aim to <3% uncertainty on inter-calibration of the charged collected in cells

need ~10° events if S/N>3 (~108 events towards the end of lifetime, at high n, when S/N~2)

notice that any triggered or recorded event is good for calibration purposes

0.08 pr—r=—r=—q . ————— P
Single vy, n=2.1

0.0F |t
c=c, @ c,

0.06

0.05

0.04

Constant from intercalib.

0.03

0.02

0.01
[y re——— . s_*-—‘——ﬂ”/‘/l/l

e 10 10° . 107 :
HGCAL G4 standalone intercalib. smearing




High-Granularity Calorimeter for CMS

Silicon sensor module design

18

Module design is robust and suitable for large scale automated assembly

©  current concept: 6" wafer 2-sensor backplate

-+ full protection of sensor and wire bonds: mechanical stresses within safe limits

Readout Chip

Printed circuit board

Test structure

243 cm? active area

Adhesive Layer 256 hesxagonal cells ™

FR-4 cover
Silicon Sensor

Adhesive Layer
Kapton
Adhesive Layer

Baseplate for 2 Sensors

Si

Baseplate

PCB cover, 0.5mm thick
with 0.15mm spacers

PCB, 1.2mm thick
sensor

wirebond, 25um wire diameter .15 gap

.12 bond height above PCB

kapton
baseplate, 0.5mm thick



High-Granularity Calorimeter for CMS

Mechanical design o

Cassettes slid into slots ECAL wedges to be glued together FH wedges bolted brass plate with
modules mounted on both form monolithic structure 309 slots (based on current HE design)

sides of 6mm Cu plate integrating
CO; capillary and cooling pipes

Alveolar structure
EE : Carbon Fiber/W compo
FH : Brass alveolar

Composite part with
metallic inserts
(15 mm thick)

Thickness Tmm

- CALICE Technological Prototype

Composite part
(15 mm thick)




High-Granularity Calorimeter for CMS

Si module cooling performance

20

r_.,....n.,_]

CO2 out

s Sy

CO2 out

T
COzin

Thermally conductive epoxy between chips

an PCB, regular epoxy on other adhesive
layers

- maximum sensor temperature: -28.5°C

- thermal gradient across sensor |.3°C

maximum temperature on PCB: -0.6°C

ANSYS

R15.0
Academic

0.00 25.00 50.00 (i)
I .
1250 37.50



High-Granularity Calorimeter for CMS

Integration in CMS

21

- Total power in cold volume ~ 125 kW (both end-caps) vs 240kW CO; total transfer line capacity

*  Accommodate feed-through of HGC + 2-fold redundancy in case of CO; failure (~2k junctions /30° sector)

ENVELOPE
/ LINES

Total cress secfon
of preasnt HE cabie traje

. =1800cm2 {1eeded 3552:m2)
\ For present HE Z5{must bs S0

\ es

e i
\\\ EE‘ Z ‘.“lj
]% ‘\ ‘.‘ ‘.‘“\\\ !.‘..\\ !."
RN\ 5=
\ Total cross secfon | |
of fe3dtnrougn= | Moy
\, =7X18.5x34=~4 80 3cm2 T l / ,
(&84 NBAER 3552- Ui
lerdeRgeed P Rubinow) \u“ | H“l“J //J iy
LI LU0y /1 2 G 1
EEB \WN“ ' \ Ui
|Szmlzs =2t s |
==8
iemEm=y | [ @ =
e meavesama/ A
= e e s
. . - ~ [Oaz #3420 ~kh
letenderd | S d ft
e N\
b )
{EHERES l'|
C \
EH y N
N 3’
e X xx: x_l.: 1' ll
1 LR ; ? | \ " 1‘

Conceptual solution from edge of cassette to back of HE




High-Granularity Calorimeter for CMS

Front-end readout and trigger system

22

128 Channels Trigger Data

- . _. Concentrate data from two ASIC (2x 128 ch)

328 Gps Two low-power Gigabit transceiver (GBT)

L 4

Concentrator

- additional dedicated uni-direction links for trigger

128 Channels _3.28 Gbps Data

X

- effective rate of 3.28 Gb/s

<€ Clock &
3.28 Gbps  Control

Electrical links (%) Electrical»optical Optical links Layer 2 I
@ 3.2 Gbps @ 10 Gbps @ 16 and 20 Gbps

- Layer | - regional view

*  2x2 sensor pad sums

* identify interesting regions

*  cluster longitudinally in projective towers
*  Layer 2 - global view

* superclustering using all sub-detectors
(+ tracker information)

°

*Possibility to have directly optical
links in the low eta region



High-Granularity Calorimeter for CMS

Initial L1 trigger performance estimates for ey

Efficiency

Without longritudinal information observe “simple” scaling of rate with luminosity

drastic reduction effect from inclusion of shower longitudinal information at L |

| Single electron trigger

e

rate |

—————

— f'rf—'—-fi

{

endcap |

||I||||||||I||||I|||I|||I|II|

—— HGCal -
----------- HGCal, no long. ID
—— Phase-1, EE

0.8 _ ................................... ......... .......... o .................................. 10!

- " . s?ower tu@n—on Cdﬂi be
06 _ ................................... ............................. ,mprovedbyabetter .......................
: control of the leakage in

- the transverse plane
0.4 _ ................................ ................................... ..................................

Rate (fraction of triggered events)

1072

i * HGCAL energies are rescaled so 50% signal
- — efficiency matches with Phase-|

1) EE—— A —— eeny A IGET
- | o Phase-1,EE .

-~ ._n__.‘: | | L1 1 | | | | | 1 1 | | I I |
. |||||II|III|II||III—IW_
% 25 30 35 40 45 6 8 10 12 14 16 18 20

pref [GeV] P, (50% efficiency) [GeV]
T

—
(€]
.
r—
—
—
o
.
|

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

|

ratio/ HGC

o
o
i
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Current performance estimates

The following results are work in progress: no public document from CMS yet available .

Sharing these preliminary estimates to stimulate the discussion within the Terascale workshop community.



Current performance estimates

Baseline e/y performance
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Geant4 simulation ---2mmairgap - 4mm air gap o 01p
= | o ' 10 O C Geant4 simulation
E | S 009
E, 50~ 9 S F s [100um] € « 22425 5 00753
e O 0.08[ 2 e
- 8 = TR o [200um] < « 22137 5 5 00670
N < > N E” \IE
40— ° ? 00719 v [300um] £ « 21985 5 00619
- 7 c v'. A ‘ E VE
R RIRIEICIEI IR RTINS O 0.06[
— ®
-~ Moliere radius 6 0 RN
30— , = 0.05[ e 4
_________________________________________ 5 % [ YV e &
i S - v
- 90% containment - | oc 004p - ; R
| R 4 - A
20—~ L 0.03 - e ,
B | - v A
- o 3 - bed ’
LS 0.02— ’
B e | ol 2 - ‘ é
10—. LA . 0.01F-
B o, ~“ar® 68% containment i
- —.—"’ 1 |
:.1— ._.— r O-i 1 | | | 1 11 1 | | | | | | -
i 1 1 1 | | I I | l | I | | 1 1 1 | | I | I | I I | I | O 10 20 30 40 102 2x102

o

5 10 15 20 25 30 E [GeV]

Layer number w O ' T T Tenciz
*  Resolution matching requirements for boosted objects = oiafiioiiie ?{....'!:.R._l.!..lflg ......... i BN =19
[ . _ : L =2
» Shower core is contained in a few cm (<Rp) N
SNER 0 om=2e
. . . . . . 0_08“”;._2:..% ....... — { ..... : v, ........................ ............. { .......... e , ..... 'r'”stRe' pu=0;
* can use tight energy integration region with pileup FSG A N R

* no significant loss of resolution 0.04
0.02-

- clustering based on OPAL SIW local maximum seeding b i SR N
EPIC |4 (373-425) 2000 HGCAL G4 standalone E; (GeV)




Current performance estimates

e.m. clusters have pointing capabilities %

(mm)

yreco ytruth

yreco-ytruth (mm)

Position estimate can be fine-tuned by scanning appropriate wo
- optimisation and resolution Is pileup-independent

- ~30% improvement Iin resolution with respect to linear weighting

| Current resolution:
| Op=4 mrad

using the full information all layers
(at n~1.5 = 0,=3cm

Lgm* . e = e
: linear weighting _% 8 .
- L 1 E Single y, n=1.9
3 —— E [ B
E_ ¢ .?.i>~ N
‘_ —e— ; g . 5 —
+ single v, n=1.9 layer |2 % n
e : af-
- w,=26,E/E; ,>7.4% i
] S B i A - li A I A——\ =
+_.__'_—o—_._—'— B —
. : - ‘
;_ ] 2 I.-_ ........................................................................................................................................................ _-.I
- log-weighting, after optimisation 4 N .
f_ _i 1 —. M 1 " M " | M " 4 | M 4 M ] " M M 1 ]

] 20
y reco (mm) HGCAL Geant4 Standak)ne ET (Gev)



Current performance estimates

H— Yy performance

27

Pileup subtraction + tuned calibration + vertex information recovery
- potential to recover PU=0 performance for H—Yyy
Simulation of realistic pileup conditions with two endcap photons from Higgs decays

- resolution of ~1.5% with <PU>=200 (assuming vertex information successfully recovered)

SSOOYYI' T L B A LA AL o T 9400_,,,|,,,|,,,|,,,|,,,
qc) Pythia gg-- Higgs, H—+ vy GCJ i Pythia gg— Higgs, H— vy il
@700 ~ 1 =350 ]
; + PU=0 L™= PU=200 |
600} ++ 1.5<n' <27 1 300} + 1.5< 1 <27 -
» J ‘ . i ~
500 Jr Lﬁ: (1.45 = 0.02) %ﬂ ol 2= (1.53 + 0.02) %]
400} + JF,. 1 200fF .
i ) |
300} / \ 1 150} ]
f 1 ? :
200 + { 100f ]
100} / X 1  50f :
» ba . ] S n
[ . P EPEP .. YOS | ' ' ' ' =

a1 ' " n L L s L L 3 L 0_ L — m— m— Illllll L i
218 120 122 124 126 128 130 132 134 118 120 122 124 126 128 130 132 134
HGCAL Geant4 Standalone M{Y (GeV) HGCAL Geantd Standalone MYY (GeV)



Current performance estimates

Towards physics performance: a VBF jet event

28

CMS simulation (En.0)=(1884,2.88.-1.02) FH

= e T
S, S, T
30 30—
-40 a -40 =
l -
_l —_— B —l
50+ 501
60— 5 60
B g T m B
- : h.%.. =
—IllllIllllIlllllllllIlllllll IlIlllllllI.ll.-l-l#-llllllllllll

0 10 20 30 40 50 0 10 20 30 40 50
X [em] X [em]



Current performance estimates

Towards physics performance: a VBF jet event

29

i EE inclusive

Lo

CMS simulation (En.0)=(1884,2.88,-1.02) EE

y [em]

-30

-35

-40

-45

14 16 18 20 22 24 26 28 30 32 14 16 18 20 22 24 26 28 30 32
x [em] x [cm]




Current performance estimates

Towards physics performance: a VBF jet event

30

CMS simulation (En.0)=(1884,2.88,-1.02) Layer=5

[ L]
—_
£ N=31
v ’
el
> l 4
30
e - sl .35_ — _
| EE layer 5§ 5 i EE layer 15
40
45 L] I
||1|||-||1|||||.|1||||||1||1||
14 16 18 20 22 24 26 28 30 32 14 16 18 20 22 24 26 28 30 2
X [em
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— ar |
— 25 < —
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B 30+ I
i - .
'v“., o * = '35 |
EE layer 25 § -
40—
B 45— O
‘ - ' o
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Current performance estimates

Towards physics performance: a VBF jet event
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x [em]

30

28

26

24

22

20

18

16

14

CMS simulation

(En.0)=(1884,2.88.-1.02) EE+FH

| EE-+FH longitudinal slices |

e e —e

4000

3500

3000

2500

2000

1500

1000

500

~ CMS simulation

(En.0)=(1884,2.88.-1.02) EE+FH

4000

3500

3000

2500

2000

1500

Track shower

Pileup is in the first layers

Layer-by-layer : resolve showers

1000

500



Current performance estimates

Particle flow and HGCal

32

~6M measurements to be correlated for reconstruction

0 1
*  group energy deposits according to shower evolution ol e cten
u f + additional N pixels
' ' ' ' - ©

* clustering must follow particles/showers in calorimeter R Cones based on either:

¢ initial PC direction or

~ i l current PC direction
- resilience In dense pileup environment required
C|US’E€I’S Can’t grOW -tOO mUCh Initial cluster Unmatched hits seeds
direction new cluster

Reconcile tracking and calorimeter information

- tame fluctuations in both calorimeter and tracker measurements

Started to use the Pandora PFA - NIMA 611 (2009) 25-4 f Ié ' /ﬁ\
+ 7

- initially developed CLIC/ILC environments t t

Fragment removal i

I.#_ e = =

* adaptation of algorithm flow for pileup environment

7 GeV duster
6 GeV 4 ch

+Initial ~Ih/event brought down to |Omin/event

6 GeV
cluster

Very good out-of-the-box performance estimates with PU  #cevtrac

Distance of closest Layers in close Distance to Fraction of energy
approach contact track extrap. in cone

3 GeV

5 GeV

- first results being analysed, stay tuned!


http://www.hep.phy.cam.ac.uk/~thomson/pandoraPFA/
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Conclusions
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The HGCal concept as progressed over the past year to a viable conceptual design

+ Already existing technologies enable production of sufficiently radiation hard components
MIP sensitivity in the presence of pileup with viable in-situ calibration up to 3ab™' at the HL-LHC

Good S/N, fast pulse and timing possibility for sufficiently energetic hits

- Initial physics studies show that tracking shower paths as a function of depth enables
unfolding the effect of non-projective geometry
measure the energy of the showers using dynamic clustering
estimate of localised energy densities to recover from fluctuations
measure high energy electron/photon shower directions to a few mrad
Currently studying jet reconstruction performance with the Pandora PF algorithm in 140-200PU

very promising results already out of the box, with scope for improvement with further tuning

On track to enable efficient, robust, almost pileup-independent measurements at the HL-LHC
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High-Granularity Calorimeter for CMS

Calorimeter parameters

Thickness 300 ym 200 ym 100 ym
Maximum n fluence (cm~2) | 6 x 10 2.5 x 10" 1 x 10"
Maximum dose (Mrad) 3 20 100
E-HG region n| <175 | 1.75 < || <215 | |n| > 2.15
H-HG region R > 860 mm R < 860 mm -
Cell size (cm?) 1.05 1.05 0.53
Cell capacitance (pF) 40 60 60
S/N after 3000 fb ™ 9.6 4.9 2.4
Si wafer area (m?) 323 161 117
E-HG | H-HG | Total

Area of silicon (m?) 209

Channels 4.80M | 1.96M | 6.76 M

Detector modules 14.5k 7.6k 22.1k

Weight (one endcap) (tonnes) 81

Number of Si planes 12




High-Granularity Calorimeter for CMS

Charge injection calibration circuit

Calibration can alternatively be achieved by means of charge injection in the front-end
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High-Granularity Calorimeter for CMS

L1 Trigger performance 38

Clustering algorithm shared between two layers
Seeding step : build regions of interest from projective towers including layers |5-18 (~10 seeds/event)

Clustering step : profit from expected transverse shower profile PU removed layer-by-layer
Energy loss corrections applied

Super-clustering : corrected energy clusters sent to layer 2 and merged
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