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HL_LHC challenge .5

C
 High Luminosity LHC, a natural extension of LHC program S
-1
e goalistoreach 3000 fb in 10 years
 x10 LHC Integral Luminosity
x5 LHC-0 instant Luminosity (=higher particle flux)
e x5 LHC PU (140) : now also perspective for x7 PU (200)
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W WhyHLLHC? .3

("

 From F.Gianotti - Monday:

Full exploitation of LHC project with HL-LHC (V's ~ 14 TeV, 3000 fb!) is mandatory

Q Present hlghesT-E acceler'ator

- measurements of Higgs couplings to few percent

O Results will inform the future
F. Gianotti, ST eomn -

Future colliders will give physics data:
e CLIC (ee) > 2035

ILC (ee) > 2030

CepC (ee) > 2028

SppC (pp) > 2052

FCC (ee-pp) > 2030 7

muon-coll > ?7?
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CMS physics@HL_LHC

few examples L

—
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Major limitation if NO upgrade
(list not complete)

e Reduced performances due to
Radiation damage

e Tracking in too high particle density

e Pile-Up

e Data readout bandwidth
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2500 3
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@ . —— Phase | age1k: Z/ZZ - 4l .
P 2000 — —— Phase Il Ny -
& 4 -
VT : .
1500 (— -
1000 .
500 {v -
oL . e A A g :

100 150 200 250
M, [GeV]
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Mo (GeV)

Why to upgrade CMS ?
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CMS challenge .3

C

* Radiation Tolerance 10x than LHC (from 300 to 3000 fb'1)
* High Performance at 200 Pile Up : more granular detector
- Maintain or improve L1 Trigger performance

* Interesting events at 5-7 times larger rate : 750 kHz (from 100 kHz)
 tracking trigger at L1
e longer latency : 12,8 us (from 3,2 us)

« Extended acceptance up to |;7| ~ 4 for tracking / calorimetry / muon

» Particle PileUp mitigation attribution of particles to primary vertex

Few facts:
* Tracker detector needs replacement (radiation)
« Calorimeter needs replacement in the Forward region (radiation)

« Electronics needs refurbishment in many detectors

7 L.Demaria: CMS HL-LHC Upgrade 101°Congr.SIF, Roma 25/09/2015



,/’.;‘_ ~ |':‘. y
L EAVA
S B A I

CMS Upgrade... N

.
a on a Nutshell INEN

* Replace FE electronics in barrel DT and
« Radiation tolerant - high granularity - less material endcap CSC inner rings |

« Tracks in hardware trigger (L1) * Complete CSC system in forward region
* Coverage upton ~ 4 ) N (new GEM/RPC technology)

* Add muon-taggingupton ~3

New Tracker

New Endcap Calg [UBGIE
* Radiation tole ;- A ERlId=F]

Barrel ECAL
* Replace FE elect 5glfeS

Trigger/DAQ "
* L1 (hardware) with tracks and

output rate up to 500-750 kHz
* Latency of 12.5us

* HLT output rate up to 5-7.5 kHz

8 L.Demaria: CMS HL-LHC Upgrade 101°Congr.SIF, Roma 25/09/2015



Upgrade start now ! .2

L-/('

e Despite the new CMS sub-detectors will be inserted
on 2024, the time-schedule for construction is tight

2015 ¢ 2016 | 2017 | 2018 | 2019 ! 2020 | 2023 12024 2025 2026

2021

2022 |

B
Outer Tracker
Inner Pixel , Pto(heuonlAnenﬂy
ECAL Barrel Production
Endcap mm
Calorimeter
Muon B Production/Assembly
BRIL £ | Production
Trigger Design and R&D Production
DAQ Design and R&D a ——

Conceprual Schedule (v2)
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a Tracker Detector

 OUTER TRACKER : momentum resolution, tracking trigger (up to || =2,4)

h
INEN
C

e 6 ‘double-sensor’ in barrel (10 single now); 5 double sensors disks (9 now)

» PIXEL DETECTOR : tracking seeding, vertex reconstruction, tracking extension
* 4 Dbarrel layers (as Phase-1); 10 disks (3 in Phase-1)

SS modules {
( Strip-StriP )

PS modules
( Pixel-StiP )

Pixel modules {

10
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Outer Tracker
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a Pixel Detector: principles ,Nf.j?

L

Major worries:

16 2
radiation damage (upto 2 10 n/cm ); 1-Grad

2
particle flux up to 3 GHz/cm pix-hit

n?
Sensors :
000 - 14
. . 2 3?.2&':%:” gm::nan.m - 2w@n
e dimensions (x1/4): 25x100 um to 50x100 um?2 o A Wamizoww —| - —XbefRoww 12 .-:...«b_::cff.?.h
eoo | SR VL pamy | e e B PP " — :‘vz .!‘(mt‘l.“;:(‘l;’
. . . 3 - 4 4 “ . gy
* on-going R&D on : thin planar/ 3D-silicon gon| cemen | A uf L e T
g,. x = e CNM_TE (3215 8, pum
4000 |- } ! ! | &' ,-‘)’ . loeT e "V b FOK_2E (Teldn
. . Ce . g . gg?} 2 - a2~ Py ru
* reduce drift distance to minimize trapping %, L o_“t B2 NS M b A
) ey — 800,—/4/ ! ! ~doz :>
* small signals e GasSEEEEEE
Wm w0 @0 %0 @ w80 0 o of L o -+ L ve
. Vohage (V) Blas [-
Read Out Chip (ROC): | |
: Pixel Columns: ~256 pixels x 100um
e low noise, low threshold : <1000 e - Pt -.

2
e compact : 50x50 um

2
¢ [ow power consumption : ~0,3-0,5 W/cm

e digital local storing : X7 (rate) x4 (latency)

e.;.ml ot .EM-—.
* readout : up to 5 Gbps data out R (B == [T
2 o < -m-wu:.-—-
° Large AS'C _ 2)(2 Cm Pixel ehip: ~256 x 1024 pixeds of ~26um x 100um

ROC R&D in RD53 using CMOS 65nm (HEP novelty)

(faster, smaller, lower noise, more rad-hard)
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Pixel Detector :

INE
C

Development of LP-GBT at high speed crucial (9-10 Gbps ?)

St ey
e -

Readout Elements

 ROC contains 4 E-Links, up to 1.2 Gbps.

Data to data merging ROC =
* 8 E-Link connected via 1-2m twisted to : 1S Bk codes 0 -.‘- LP-GBT
LP- G BT : ‘ and cable drivers _f ;_:“___":_; - ok rec. L wews

e ———

> Coding H Serializer P
1.2Ch's |
@ Twisted pair

cables <2 m

Optical

Ex >
r O

Modules Readout

e L1, L2 (25x100um )

« 4 ROCs; 16 E-LINks, 2 LP-GBT
2 1 aim |
e L3, L4 (50x200um ) ; - 1, 8 <« |
( ) + 1 > LeGer ; ot E
- 8 ROCs, 8 E-Links ; 1 LP-GBT &l 0
4_- : o o - 4
IMPORTANT that ROC can reduce power ,_‘: ‘_ Y =1 i L
when 1/4 channels are connected g §0 = zas Oy o il P
= e
»:zu-cn o P ‘—'- ‘il‘_m S Ghv's
Module Power *':i < . Ly s < E
' [ :
e DC-DC: problem of rad-hardness;

e R&D on Serial Powering

Service aspects

rapidity estention imply material inside
acceptance: optimisation studies needed
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Outer Tracker concept ,,,Fp

- .

o (M8 Probmingry Stmiion, Phage?
» Rate of single muon strongly suppressed by using the momentum 2 ,OE - i —
measurements of the Tracker at L1 (muon detectors are inside the coil e P o e 3
therefore suffer from large scattering) - THIS IS a MUST e | ,
. . . 2 [%® -+ L1Track
o Tracker@L1 help ALSO: el-ID, isolation, vertex-ID of lepton and jets T 1H o E
. . . ® % =iEi *
* Design based on the L1-tracking trigger concept : the Pt-Layers e [} a,_
 made of 2 silicon sensors, distant of 1 - 4 mm 10"5 ’ M‘L = ?‘*0—6»— 3
« tracks above 2 GeV are more pointing ! I‘
107240 60 80 100

P; Threshold (GeV)

"\luh“\> pass fail _B
W PERPERREER PP OPPD ik =
> I+4 mmI 1 ) 7
I{ mﬂﬂ L - - . . o e < Each ROC reads part
: < 100 um of the two sensors

OUTER- TRACKER DATA:

e A stub is a track segment constituted by 1 TK- Level-1 accept *
? -

layer and _provides position and Pt measurements i Full data cead Track CMS
(~1% relative) - 40 MHz to L1 f’{» 00w Find | | Level-1 |
Stubs on CMS
e full data readout: hit position per module at L1-rate 7\ S ™ DAQ
-up to 1 MHz
Outer Tracker Front-end Tracker Back-end CMS
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PS modules: Macro Pixel + Strip

Macro Pixel: 1.5 mm x 100 um DC coupled
Strip: 2.4 cm x 100 um AC coupled
Module area: ~5 x 10 cm?2

Power: ~6-8 W DC/DC converter

10-12V lines: lower

current, lower material
Low-power GigaBit

Transceiver
current under
development

Concentrator IC (CIC)
FE chip data sparsification

Silicon strip sensor Short Strip ASIC (SSA)

| —

Macro-Pixel ASIC (MPA)

CFRP baw‘ ' late

Flexible hybrid

Silicon pixel sensor
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a Outer Tracker modules ,,,f;?

2S modules: Strip + Strip

Strip: 5 cm x 90 um AC coupled (both sides)
Module area: ~10 x 10 cm?

Power: ~4-5 W

DC/DC converter
10-12V lines: lower
current, lower material

Concentrator IC (CIC)
FE chip data
sparsification

Low-power GigaBit
Transceiver
current under
development

CMS Binary Chip (CBC)
Silicon strip sensors

CF support

silicon sensor CF stiffener

Flexible hybrid

101°Congr.SIF, Roma 25/09/2015



Outer Tracker sensors ,pr

C

Basic R&D essentially finished: the main properties of the sensors are defined

» Polarity

» Material

» 1hickness

15

® n-in-p is the selected option, as it offers robust performance (i.e. graceful degradation)
after heavy irradiation

® MCz is the preferred option (but FZ is OK)

* Allows for long annealing times with no adverse effects
* Could be (eventually) operated at lower V,,.., mitigating the requirements on the cooling

| Mo U
£ 1 i 1 i 1 ! o ot Mo
_l_/,

0 K 6 8 10 12 416182
® 200 um active and physical thickness is the preferred option Fiuence (10* n_jcme)
* Sufficient charge, good annealing behaviour, lower |, and V..
. . - 120k b 0= FZ 200pm p-in-n (GeV p + n)
® 200 pm active 320 um physical is a good backup ~O— dd-FZ 200um pinvn (MeV p + n)
L= MCZ 200pm p-in-n (GeV p + n)
* Adds 60 kg of inactive matenal uniformly distributed in the tracking volume ¢ >~ FZ 300pm p-in-n (MeV p + n)
. . - i — &= FZ 200pm n-in-p (GeV p + n)
* Active thickness can also be fine-tuned. .. - —@— dd-FZ 200um nvin-p (MeV p + n)
g A~ MCz 200pm n-in-p (GeV p + n)
80k - ! | 1 W= MCz 200um nHin-p (MeV p + n)
3 —&— FZ 300pm n-in-p (MeV p + n)
Ga- | i IR | \ i EREE | .
40k

107 10’ 10
Annealing (h_@RT)
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Tracking efficiency

0.3F——+—— ttbar event tracks
. p,>0.9GeV,d <35cm

.3 .

i R
30..“ o ..’o.
15) " -

[ . »
10{- e
S et

""';"."-:"" 3“" ;-.-..‘-,.-..; «";- B
‘e ! ) ' ' °

R i S e e e e
{® « Phase 1, e

« Phase 2, 150PU

.........

Phave-2 Tracker

¢ | ess material than Ph-1
e same/better performance
e cxtension up to eta=3.8
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Tracking performance
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CMS Pradiminary Phase 2 Simaiation
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CMS Prefiminary Simulation, Phase-2

-o-smgom_p'aﬁeowc
-o-s-vem.kp,nscwx
-5 Single muons, 15<p‘_<1000wk

L1 tracker reconstruction, <PUs=140
4

-
EAA
-t

O
- O~ 00~ o
O-O-

+
+4°

O
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¢ €
® S

Effidency

ff=1 for muon pi> 2 GeV/c
ligthly better for low radii

% 5%

15 20 25 30 35 40 45 50
p, [GeVik]

CMS Predminary Simefaion, Phase-2
~&- Singe muons, p_ <5 GaVic
-o-smmuo-s.5<p'<150¢vx
~&- Single muons, 15 < p_< 100 Gavic

L1 tracker reconstruction, <PU>=140
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& Tracking Trigger: 3 methods

INEN

C

- Associative Memory (AM)
* large bank of patterns stored in a dedicated Associative Memory chip (similar to FTK solution)
e processing time linear with number of hits
* Tracker = 48 angular regions; about 200 stubs per event / region are expected

* stub coordinates loaded in Memory and matched patterns are considered as track candidates:
100 Million patterns recorded in AM chip (2 Million each)

o refit track candidates with full-resolution coordinates

- Time-Multiplexed architecture

e uses Hough Transform

» all data from one event goes to one processing node; the node redirect one event to a single
destination for complex process

* 5 secotrs in Phi and time multiplexing of 24

 UlCA processing board using Virtex-7 FPGA

- Tracklet-seeded road search

e conventional road-based track search using FPGA

e pairs of stubs in neighbouring layers (tracklets) projected to other layers; 168 triggering towers
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2

emulating ~40 modules

Data Source (FNAL/Brazil):

“ rod
Fiowl

At1 (Data Delivery) + At2(AM) + At3 (TF)

~40 modules

> <— >

INFN
mezzanine

Input Data Buffers

stub mapping to global word ~ates

Etted trach sebection/de-g enting

Output Data Bullers

Stub Forming Organize  Match tracklet  Track fit
organization tracklets tracklet projections to
projections stubs

single as Main Processor
runs on 1/(TM Period) events

* test bench for algorithm development
* estimation of resource requirements

* extraction of rough processing latency

18

L.Demaria: CMS HL-LHC Upgrade

A final solution will be taken after
complex demonstrators
will be realised on 2015 - 2016
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ECAL .

b’
— —
P——

Replacement of electronics obligatory to meet
trigger requirements. This gives opportunity to New VFE card

New FE card
revise the crystal supermodules ) wFEard
u,ad-TunGS‘"‘ = New FENIX2 chip

Master GBTX chip for control/readout
* Readout of sm%Ie cry stals allowed by GBT at 5 Gbps |
bandwitdth (now 5x5 crystal only) Readout-only GBTX chips

Bi-directional S Gbps Versatile Link
a Control Data
5 N

* VFE replacement: shorter shaping time (20ns
instead of 40ns) - allow to discriminates spikes

APDs

Transmit-only 10 Gbps Versatile Link
New Multi-Gain Pre-Amplifier chip (MGP. ' Y ps

* Lower temperature: 8°C instead of 18°C -

APD noise reduction New ADC
— 12 CMS Preliminary ECAL Barrel w 0 1 I ICM'S s'lm’lla'uull p!'e"!'l'l"‘lﬂwv;I
CMS Preliminary B T} —=T-18°Clt-43ns | n=145 | = -
3‘ 1.02 - Tower E,>15 GeV § [ == T-18°C{1=20ns ! ! W i ° (Sx'S) r?sa'mof » | H — '}"’)’
- - O 10l———== ——— e = ~e— <PU>: 50| int lumi: 00" | i
© i O | ==T=8C{-43ns | o .08\ =s=<pus: vab; it fn: TooOm™ *
2 S—— - Q [ ==TgCi-20ns : c [ PU: wt. int lumi: !
3 e Q 8 e —=—1 8 [~ <PU>: 140, 1000m", EB )
O 0.98}- ® L 2 0.06[promipt, wnconveried photons HFT — ]
w B w 6 - 8 - L -
. 9 o [ :
0.96- 3 0.4 —————t————— .
R 4 — - .
[ ) n & 3 . )
0.94f..... SFGVB, 10000, <PU=140", ol Wooolonono ——}— ——
[ ceveee SFGVB, 30000 <PU>140 . { ! i 3 )
0.92 :__— Swiss-cross, 10000, <PU»=140 .:'. | 0 -_L L1 R S T 0: P S N I PR T S I PR T .\
[ — Swiss-cross, 3000 PU=140 0 1000 2000 3000 0 05 1
0.9 ' ' S Integrated Luminosity (fb™ n

0 7 O 8 0. 9 1
Spike rejection
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Forward calorimeters .2

C

Radiation damage and increased pile-up require detector REPLACEMENT. Foreseen a
highly granular design of a sampling calorimeter (HGC) covering rapidity from 1,5 to 3.

Already studied from CALICE Coll., provide single particle resolution and particle flow.

e EE: Si/W; 26 Xo, 1.5 A ; 28 samplings
e FH : Si/Brass; 3.5 A ; 12 samplings

e BH : Plast/Brass; 5 A; 12 sampling

}‘ | S ZEIENIETEILNT S S B B \ : -w-—-:-». " . .
N | (OnnRm = e NN Electronics studied _ _
X [ R, | D\ to provide very PU - 140, 14 TeV
S nk; SNy N A “1"\‘2\_1 precise timin s [ CMS Phasell Simulation
S S H ety g Information o N ‘
X HE vl e~ ~50-100 ps to b 50 ps resolution
N ‘ I . ' . . L 1 = Pileup photons
ol '____,_g}g::-ig__l S Neutron moderator prOV|de plle_up i 3 I i ----- Pions
2 || nonananut 00000 <5 - reduction and : kR Pholons
AN L l-T,,u,m,sm,, primary vertex
| |] _| T association -
5111001008 N MO0 108 108 18 / o oot 4o ; s m’ =
— IR T T |
5 i i, : S— : -
Y 25

Back thermal screen

EC Suppart cone 3 U
. ‘ ;7 ‘ =3 10545 0.5

TOF residual from primary vertex [hé]
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HGC sensor & front-end

»

5

%
/“
y | -

INEN
o 16 2 Dose to HGC, 3000fb™
» Radiation fluency up to 1.6 10 n/cm (higher . _ose ° 16407
rapidity) but dominated by neutron (TK is 250 Hevd TITTTE
proton) : = = M 1e.06
« Si-Sensors: 200 1= ¥ 100000
 Baseline cjfesi n baged on 100 um thick .S. 150 10000
etectors for rap < o
. 100 1000
e Opt f tended HG 4
Cc?nlscl)agri%bagoﬁﬁeglarewar or gérggngor% 50 100
* Front End ASIC
0 10
 assumption is 130nm CMOS -550 -500 -450 -400 -350 -300
L etry v.3.7.2. V4 [cm]
* to be verified rad-hard up to 400 MRad ST e e
and above
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neurons
23 MeV protons - &5 0
op

23 MV protors
mined (3pvdn)
mived

(10p+5n)

signal normalsed % 7lem from CCE on pad sensors
«20°C, 10minQO6O°C, 1063 nm Laser

& MCz-200N

~©-MCz-200P

o~ &4-FZ-200N

-&-3d-FZ- 2000

~o—-3d-FZ-I20N

-~&-080-FZ-320P

signal [ke)

0 10

fluence [10* neg/cm?)
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signal normalised %0 T3e/um from CCE on pad sensors, -20'C

a%er 23 GaV proton iradation, 1083 nm laser

600V

—

~&~-MC2-200N

“O-MC2-200P

«-FZ-2008

23 GeV prolons

V“\
———— -
\"-7
-~
-

©-F2-200P
~
~» .
\\\

10
fluence [10™ neg/cm? )

100
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-% Geant4 simulation E
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> E
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= b4
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e =
e AN
e &1
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L4l ll 1 1 L 1 Ll ll 1 1
6 78910 20 30 4050 10° 2qa0°
Energy (GeV)
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e

2 : L | —rTr—r—
guoo’— e 0 PU BX 0
£ C —e— PUBX-1
1200~ e PUBX -141-10
1000
800}
- A PP | 1 .-
11 1.15 12

%9 095 T
HGCAL Standalone Simulation

22

a HGC Performance
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Muon Detectors mﬁ?

Barrel (DT) electronics upgrade e e P T oo . o M e SO o Ny
0° 843° 786° 731° 6777 625° 575° 52.8° 48 4° 44 3° 404° 36.8° n o
_ 8 » ; ' ' ' 12 335°
* L1 Trig erl\(/l&' Reac%Iout 3 ' DTs =
upgrade (Minicrates — u csc
P9 ( ) (14 [ wea]— ] B RPCs | 13 305°
Forward (CS0 :lm_n
MB3 14 27.7
* Front End electronics 15 252°
replacement '
. MB2 16 22.8°
Gas mixture test for CSCand  ° [l [ L
RPC Ml o

—_— < RB! ——————————.

eproblem of greenhouse gas F
regulation [ oot migne

Adding redundancy to CSC

e RPC: RE3/1, RE4/1 possibly
with 100ps precision

s

_ Silicon

e GE1/1, GE2/1 : GEM . tracker
detectors ) S :
SR L

EXTENSION in rapidity (to eta 3)
MEO with GEM detectors
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a Muon Det upgrade

h
INFN
C

monitoring only
using GBT
information

tracking elements

New Front End

 New cathode
electronics to
improve rate and
latency capabilities

Front End - New Minicrates: _

 TDC (using a FPGA), contral,

* All data will be sent to BackEnd

Back End analysing full chambers

* petter BCO-ID, z-resolution, better

New Forward detectors RE3/1, RE4/1

* Improvement in rate capability

* lower electrode resistivity: RD on new
material (silicate glass, ) or improved
production of bakelite

* |lower average charge in avalanches:
compensated with Nigher electronics gain
(like SiPM

» detector Confi%uration: thinner electrodes,
multigap HPL RPC

Siow - 20
OBEDT | Comral »®X
FPGA + GBT )
Alignment 8
. GBT-serdes on FPGA
New SC, TRB, ROB
(COTS FPGA platform) ‘ :g
\ 88
/ ga

Zmm-thick
HPL plate

190-pum-thick
polyester film

S Strip panc]

Graphite layer

edge s s
along peripheries

\Ooppcr‘uo
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GEM detectors .7

L/P

e Super chambers made of double layer of trapezoidal triple-GEM chambers

e Single GEM : x (20-25) , TRIPLE GEM: gain of 8000-15000 !

Equipotential lines Field lines
/ IONS Drift cathode | / GAIN
AN A ¥ || CONVERSION Drift
{7 Lt || AND
. /N V] orer GEMlwsssuusnnnunnnun ~20
A A e ~ Transfer1
Y GEM2 seussnnnnsnnsnnn ~20
r AMPLIFICATION \ | Transfer2 ~20
GEM3 » TTIII
AN Readout Dikction dx ~200 um, dt ~ 5-8 ns
\ - PCB > - — —
| TRANGFER " 1 MHz/cmZ2rate
ELECTRONS Dol

VFAT3
NEW FE-ASIC: VFTA3 designed in CMOS 130nm , e
technology: Ut
* signal both polarities Bew " OO [ o 'lr - ]
128 channels [ 1 1
* interface to GBT at 320 MHz
- Control Logic + Data Formatter - pon
* up to 25 usec trigger latency %‘ %;;um‘m = L.
* time resolution < 7.5 ns
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GE1/1, GE2/1, MEO ,m;?

10° GE1/1 10 proto—GE1/1
chambers constructed already

GE1/1, GE2/1 could
be already installed

during LS2
w
= A bl A [T YT [rrrrTTYTYTTY §1wg"' T 3 ‘g240 :
8 WF 3 T wF E 82?0 1 o ST YTy
g g g 8ok E 200 “; g.
'g [ B3 7ok 3 1 1 8§ Lt Ar(45):CO,(15):CF (40) ]
o & ok 3 160 12 ¢ Ar(70):C0,(%0)
107} E 3 ! 3% o .
g 0F E 1 E é oF ’ E
; 1 aof 1 1E o-7/ ps
| | = RN
o GAIN | T
: : 10F E 40 E Sp E
AAAAx-LAAl....l‘AAAx-..Al..“l“‘: OE.A.I‘..I..AI.AAIA..I 3 20 ] -'; [
32 33 34 35 38 3.7 38 39 0 2000 4000 6000 8000 10000 ()_4 R 1 1 5 3 4 ) SR PP T I
Applied High Voltage (k Gain & e - 0 1 2 3 4 5
9 V) Residuals [mm] Egn [KV/em)

MEO : GEM detector covering rapidity up to 3 (or more)
depending on HGC boundaries
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Trigger Plateau Efficiency

27
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CMS Phase Il Simulation
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o

L g

16 <n|<2.2

B Phase 1 Muon Detector:
23 stubs with ME-1/1

@ Phase 2 Muon Detector:
22 stubs & MS1/1 bending angle

or 23 stubs with MS1/1, if no ME11 hits

5

Fraction of non-triggering CSC Chambers [%]

L.Demaria

a Muon Performance

PU =50, 14 TeV
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L1-Trigger / HLT / DAQ .5

F———

CMS - 200 PU |
O L]_-Trigger Detectors

— High BW and processing power boards 40 MHz 5 <+ l

— First layer to match detector information MUGhS 2
I i . w =|12.5 us
— Second layer to produce Trigger objects Calorimeters /| |¥ 3 H
Tracks =

o Trigger timing, throttling and control
— High Band Width bi-directional link allowing
trigger information to steer readout

750 kHz

4.5 MB evt size

Readout
buffers

o DAQ
— Similar evt builder, HLT and storage as present ) / Swit,l;hing
Increase Band Width - 800 links x 100 Gbps =0 Thps [ network ]
with 30% occ. will provide 30 Tbps evt building < -
O
throughput e g E 11
o HLT E « |MHS06
- Processing power scales as PU x L1 rate - need i —»
. Z

increase by a factor = 52 wrt Run 2 at 200 PU

40 GB/s G‘
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W L1-Trig Performance
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INEN
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taly involvements .3

C

- TRACKER : Ba, Ct, Fi, Mib, Pd, Pv, Pi, Pg, TO (21%) - 100 FTE
. ECAL : Mib, Rm1, To, Ts

. RPC : Ba, LNF, Na, Pv (27%) - 11 FTE

- DT : Bo, Pd, To (58%)

- GEM : Ba, Bo, LNF, Na, Pv - 17 FTE
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Conclusions

C

31

HL-LHC is (right now) provides the major HEP program
after year 2024

Experiments have to survive to hostile conditions and
achieve unprecedented performance to fully exploit the
pohysics potential offered by HL-LHC

A solid upgrade program is under his way for the CMS
experiment

_ooking forward still for new surprises and excitement
from LHC and to continue even deeper in HL-LHC, both
for important measurements and possible new
discoveries
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CHIPIX65 INFN Project h

6\ R&D on CMOS 65nm (CMS+ATLAS), part of RD53 NEN

B —

Radiation characterisation Activities of 2014 - now E

e x-ray machine at LNL / Pd-INFN o
* Total lonising Dose (TID) DGSIgﬂ INn 65NM

e 1 GRad in ~ 2 weeks ® 6 sili dies 2x2 2 submitted
e | ow-p at CN accelerator LNL . CIiIIIF?I(;(rE]% IlePS-blécr;sm submitte

e TID and Total Displacement damage «DAC-curr. ADC. SRAM. E>d
* TANDEM / SIRAD «SER/DES, sLVDS(TX/RX) x
» Single Event Effects - with Heavy lon e BandGap, D2RA digital cells g

e Studies on Nn-MOS, p-MOS *JTAG
* Irradiation of IP-block, Noise- * CHIPIXB5 Analog Very Front End o
measurements vs Irradiation * Synchronous chain @
* Asynchronous chain x
* Integration of other RD53 IPs 5

o . ® DAC-volt (Prague)
Digital Electronics: « SER (Bonn), BandGap (CPPM, CERN)
e Simulation Framework

e System-Verilog-UVM (VEPIX53)

« Digital Architecture Studies

 |nput protocols definition
« fast/efficient/continuos (while readout)
e SEE robust

"~

[ SRR

iiiiiilzvmnlmnlm

Qlllllllllli‘ 'QIIIIIIIII

-'

| J
1 y s
Pixel Chip Harness
P ‘ * ‘ I / ‘ / Pixel Chip
trigger analysis | readout
Clock/reset
O generator ‘ Pixel Ch ip Interfaces DUT
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Backup Slides

INEN




« CBC (CMS Binary chip):

* 130nm CMOS
. glﬁta inputs: 127 bottom-ch; 127 top-

e correlatign toB./ bottom +
unsparsified binary readout

» CIC (Concentrator Integrated chip):

« 65nm CMOS
* buffer and sparsifies CBC data

a Outer Tracker ASICs .2

CBC | CBC E
ar 160 Mb/s

@ 160 Mb/s

mh CBC 10b each CBC
FE-Hybrid 1. CIC L CICR FE-Hybrid R
@ 160 Mb/s 8b ' 8b @ 160 Mb/s
RIG : IRIG

10b + 10b
Service-Hvhrid ‘-_J @ 160Mb/s l'7

—
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 MAP (Macro Pixel Asic):
 65nm CMOS
» data inputs: 2000 pixels + SSA data

e correlation top / bottom + sparsified
binary data readout and stubs

o SSA (Short Strip ASIC):
e 65nm CMOS

* process. sensor signal and send
unsparsified data

Input ach 26NS ey Pixel hits from Front- End: 120 pixels x 16 rows
(4OMH2): o Strip hits from SSA chip: 120 strips

MPA 1
@ BX L1 data @ L1
ehing |
>! L1 Data Memones
=i and Logic
x16
Output
Interface
SSA 1 N snas @
Stub Finding (40 Mz)
FE @ ox »| Logic /
(40 MHZ)
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Present Tracker .3

(s

. g
00 01 02 03 D4 0S 06 07 08 /09 10 11 12 13 14 15 o
[ ) ’ ’ ¢ ‘ v ” el

L
v
[ ’ 2 ’ ’ 'y, P ’ / = , L. -

Tracker Inner Barrel (TIB): 4 layers: 2 R¢ (2D), 2 R¢-Stereo (3D)

Each Track has at least
Tracker Outer Barrel (TOB): 6 layers, : 4 R¢ (2D), 2 R¢-Stereo (3D) 10 high precision measurements
Tracker Inner Disks (TID): 3*2disks, : 1 Rz (2D), 2 Rz-Stereo(3D) forPtand4in®
Tracker EndCap (TEC): 9*2disks,: 4 Rz (2D), 3 Rz-Stereo(3D) Coverage: | 1| <2.5
S
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a Outer Tracker spacing ,,,E;y

P———

r [mm)
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L HC time-scale 2

L/r

* Peak luminosi ~=|ntegrated luminosity
6.0E+434 WABAE < — 4 Te . 5 3500
| <€— HL-LHC >
& OE+34 Run1 ; Run 2 Run 3 oia el e . « «| 3000 fb-!
Splices Injectors New . 2500 ©
— 4.0E+34 fixed upgrade low-8* |, >
. : quads &
o | a
£ o ~ ™ <t LN 2000 2
L, 3.0E+34 % ) v ) e E
Z | - — — — — 1500 =
8 | °
£ 2.0E+34 . e =
£ | .« v 1000 &0
> | / o
| “ -
1.0E+34 o | 300 fb : 500
0.0E+00 ~* | - - | 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year
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Radiation i

C

Dose, 3000 fb™
300 1e+08
1e+07
250
1e+06
200 100000 =
3 10000 O
© 150 ®
o 1000 3
100 100 Q
10
50
1MeV neutron equivalent in Silicon, HGC, 3000fb™
0 7 \1\_= 1e+17
0 100 200 300 400 500 600 250 (oo I N
1e+16
CMS FLUKA geomery v.3.7.0.0 Z [cm] 200 |
f_>, 150
o 100 1e+14
50 J 1e+13
0 1e+12
-550 <500 -450 -400 -350 -300
CMS FLUKA geometry v.3.7.2.0 Z [cm]
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Wirebond protector

Readout Chip Shielding Airgap

Readout chips =
Printed circuit board ~_

Adhesive layer

Sensor

Adhesive layer
Kapton w/ Au layer for bias
Adhesive layer g

2-sensor baseplate

Si Sensors

Printed

Circuit Board Cooling pipe (Cu/W) Baseplate

39 L.Demaria: CMS HL-LHC Upgrade 101°Congr.SIF, Roma 25/09/2015



