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Phase 2

L’evoluzione di LHC

2

O(3000) fb-1 
> 300 fb-1/yr

O(300)fb-130 fb-1int. lumi.
ATLAS/CMS

~ 5-7.5 x nominal luminosity

siamo qui

O(150)fb-1

Phase 1



ALICE e LHCb
Upgrades principali durante il LS2 (in prep. RUN3)
• Già prese diverse delle decisioni sul detector e 
decise le responsabilità dei vari gruppi
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LHCb 		
•  Per	la	fase	2	di	LHCb	l’Italia	contribuisce	nei	seguen9	so:o-rivelatori:	

Upstream	Tracker	(UT),	RICH,	Muon	System	

•  UT	
–  L’Italia	non	è	responsabile	delle	Power	Supplies	
–  Per	UT,	sia	per	il	LV	che	per	HV,		si	u9lizzeranno	gli	alimentatori	a:ualmente	

usa9	in	ST	e	TT,	rivelatori	che	vengono	dismessi	con	la	fase	1,	e	se	necessario	si	
integra	con	nuovi	alimentatori	(a:ualmente	non	previs9)	

•  RICH	
–  L’Italia	non	è	responsabile	delle	Power	Supplies	
–  Si	prevede	che	verranno	acquista9	alimentatori	HV	per	i	MAPMT	
–  Gli	a:uali	alimentatori	di	LV	(Maraton)	verranno	u9lizza9	anche	in	fase	2	

•  Muon	
–  Viene	cambiata	l’ele:ronica	di	le:ura	dei	rivelatori	ma	si	man9ene	tu:a	la	

parte	di	alimentatori	di	LV	(Maraton).	Non	cambiando	i	detector	non	si	
prevede	di	modificare	la	parte	di	alimentatori	di	HV	(CAEN	+	PNPI/Florida)	

03/04/2017	 A.	Cardini	INFN	Cagliari	/	Alimentatori	per	la	Fase	2	 1	
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Figure 2.1: Layout of the current LHCb detector, viewed from the side, with the two RICH
detectors visible upstream and downstream of the dipole magnet.

a flexible software trigger running in a large CPU farm. PID will be an important component of
the software trigger, and RICH information will be used there.

The overall structure of both RICH detectors will remain unchanged in the upgrade, however
with significant modifications to RICH1. The current aerogel radiator gives a sparse number of
detected photons per track, spread over large ring images, and has been found to be of reduced
e↵ectiveness at high luminosity [7]. The gain achieved by removing its material (⇠3.5% of X

0

)
has been found to outweigh the improvement in PID and therefore the aerogel will be removed.
This will liberate space in RICH1, where approximately one third of the current photon detector
area is dedicated to the aerogel images. The removal of the need to detect large-radii aerogel
rings has also influenced a new RICH1 design, where the optics have been modified to spread gas
rings over the full detector plane. To recover the low-momentum PID requirements, for example
to improve the flavour tagging performance, a time-of-flight system (“TORCH”) is actively under
study, and is reported in Appendix 2.7.

A second major consequence of the upgrade strategy for the RICH system is that the photon
detectors must be replaced, since the current hybrid photon detectors (HPDs) have their 1MHz
read-out electronics encapsulated within the tube. It is proposed to replace the HPDs with
commercial multianode photomultipliers (MaPMTs) with external readout electronics. The
baseline tube is the 1-inch Hamamatsu R11265. As a possibility for reducing the total number
of MaPMTs in the regions of RICH-2 requiring lower granularity, the recently developed “flat
panel” 2-inch H12700 MaPMT will also be evaluated. Alternatively a lens system may be used
there, to re-focus the Cherenkov images onto the 1-inch tubes and thus reduce the number of
tubes required. An adaptation of the HPD, but with external readout electronics, is under study
as an alternative photon detector. This development is reported in Appendix 2.8.
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LHCb, upgrades LS2

Nuovo VELO (pixels)

Upgraded RICH
- nuovo FE e rivelatori MAPMT 

(FE chip “CLARO”)
- nuova ottica per RICH1

Main tracker: nuove T-Stations
“Large Scintillating Fibre Tracker”
3 stazioni di 4 piani di fibre 
scintillanti (Ø 250µm, L=2.5m) lette 
da SiPM (SiPM tenuti a -40oC)

Upstream-Tracker:
nuovi Si-Strip (n+ -in- p) → 
maggiore granularità, nuovo FE 
e servizi (raffreddamento a CO2)
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ALICE	upgrade	
	
During	LS2	(2019-2020)	
•  Major	upgrades	in	ITS	(inner	tracking	system,	silicon	vertex	

detector)	and	TPC	
•  Several	detectors	upgraded	in	terms	of	readout	electronics	

(TOF,	TRD,	MUON,	ZDC)	
•  Italian	funding	agencies	(mainly	INFN)	contributes		to	

upgrade	programmes	for:	ITS,	TOF,	MUON,	ZDC	

Main	opportuni+es	for	Italian	companies:	
	
•  Power	supply	distribuRon	for	ITS		
•  New	readout	electronics	for	TOF,	MUON,	ZDC	
	
•  Current	power	supply	systems	for	TOF	and	ZDC,	based	on	

CAEN	modules	are	expected	to	be	maintained	aSer	LS2	
•  Readout	electronics	will	make	use	of	GBTx	chip	and	VTRx	

opRcal	receivers	
	

Proposed	power	distribu.on	for	the	new	ITS	system	

Half-stave	
Power	bus	

Filter	
Board	

RDO	
unit	

Power	Supply	
and	Bias		
Control	board	

Main	
Power	

Power	

power,	bias	

monitor,	control	

data,	config,	control	

bias	
supply	

Power,	sense	

bias,	sense	

PP0	

Racks	(low	rad)	 CounGng	Room	(no	rad)	

Magnet	face	
(10k	rad)	

Inside	TCP	field	cage	(100k	rad)	

Bias	bus	
bias	

PP1	

CANBUS	

Orders	to	be	placed	in	2017	based	on	soluGons	commercially	available	

Total	power	on	
Detector	5.5	KW	



ATLAS e CMS
• Vari upgrade tra LS1 e LS2 (ben avviati o 
conclusi) precedendo la fase2

• Gli upgrade di fase2 sono in via di definizione 
(TDR in scrittura attesi per 2017-2018) e quindi 
varie decisioni non sono ancora definite



HL-LHC → PU e radiazione
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Rates di riferimento (ATLAS/CMS) 
per HL-LHC:
• L~ 5-7.5 E34 Hz/cm2

• <PU> ~ 140-200 int / bx 
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"" Two"major"moTvaTons"for"the"upgrades"

CMS"radiaTon"dose"map,"neutron"equivalent"fluence"and"parTcle"rates"for"luminosiTes"of"
3000"a,1"(integrated)"and"5"x"1034"Hz/cm2"(instantaneous)"

•  Unprecedented"radiaTon"doses"!"replace"Tracker"and"End"cap"Calorimeters"
and"use"new"technics"also"for"forward"muon"detectors"

•  Much"higher"data"flows"!"replace"most"of"the"readout"systems"



Alcune considerazioni generali

• Alti livelli di radiazione
• Alto “pile up”
• Alto data-rate
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• sostituzione dei rivelatori più esposti 
→ resistenza alla radiazione, 
granularità, material budget

• link ottici innovativi e conversione 
digitale “live” (40 MHz) sul detector 

• potenziamento sistemi di trigger e di 
DAQ, back-end e computing 

Maggiori richieste sui servizi:
- elevato n.canali → gestione sistemi più complessa
- maggiore richiesta di potenza
- basso V (elettronica a tecnologia 130nm o 65 nm)
- maggiore precisione → rivelatori più “leggeri” (material 

budget) → limite sulla sezione di rame usabile nei 
conduttori 



Nuovi rivelatori per µ in 
avanti

La fisica di HL-LHC richiede di coprire la regione in 
avanti con rivelatori veloci ed innovativi



ATLAS: New Small Wheel
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- stazione µ più interna degli endcap, migliora 
puntamento tracce verso l’origine

- abbatte il n. di falsi trigger al primo livello
- sostituisce MDT+TGC usati nella SM attuale con: 
✓sTGC “small-strip Thin Gas Chamber” (~3mm pitch)
✓Micromesh Gaseous Structure Detector 

(Micromegas ~0.5mm pitch)
- rates: fino a 15 kHz/cm2

3Junjie Zhu - University of MichiganMarch 9, 2016

Introduction
� Problems with the current spectrometer in the endcap:

� LV1 muon triggers rely on the BW TGC → most muons found at LV1 are fake
� Large hit rate expected at the HL-LHC → low MDT hit and track segment efficiencies

Extrapolated hit rate based 
on current MDT data

Extrapolated hit rate based 
on current CSC data

� About 90% of muons found by L1_MU11 do 
not have matched offline muons

Expected for Phase-I
7×1034 expected for Phase-II

MDT limitation

5Junjie Zhu - University of MichiganMarch 9, 2016

New Small Wheel Technologies
� Micromesh Gaseous Structure Detector, Micromegas (MM)
� Small-strip Thin Gap Chamber (sTGC)

~ 
10

 m
Readout channels: 
• MM: ~ 2.1 M
• sTGC: 280k (strip) + 46k (pads) + 

28k (wires) = 354k
~50 kW for frontend electronics

MM

sTGC

16 layers in total

(~8 cm×8 cm)

� Both detectors will be used for trigger and precision tracking
� MM trigger: use the first arriving strip to determine the 

hit position
� sTGC trigger: use centroid-finding for charges from 5-

7 strips to determine the hit position
� Precision tracking: precision charge readout from all 

fired strips for both detectors

15

5	

New Small Wheel Layout


~1
0	
m
	 LM1	

LM2	

SM1	
SM2	

Mauro	Iodice	–	ICHEP	2016	–	Chicago,	USA	–	5	August,	2016 

Each NSW has 16 sectors                      
8 Large + 8 Small


Each Sector is a sandwich of 
sTGC and MM quadruplets


•  Each MM module has 4 
detection planes


•  2 planes with parallel strips 
(precision coordinate)


•  2 planes with +/-1.5o Stereo 
strips (2nd coordinate)


•  Challenge in construction: alignment of the 
strips on each detection layer


o  30 µm RMS in η

o  80 µm RMS in z


•  Construction of MM Quads is distributed over several countries.


Junjie Zhu, ACES 2016



• HV: <600V (MM) e 2.8kV (sTGC)
→ sistemi “standard” in area non ostile (EASY3000)

• LV: ~ 110kW @ (1.2V - 2.5V) su 7500 boards 
→ uso di DC/DC integrati (famiglia FEAST, input: 5-12 VDC)
→ alimentati da “Intermediate Conversion Stage” 48V → 12 V

11

ATLAS Muon Upgrades – NSW (2)  

22 Feb 2016 CAEN Workshop on HL-LHC PS - A. Lanza 11 

Block diagram 

of the baseline 

LV system 

Requirements for the ICS: 
- Stand alone box, no crate 

- Embeddded minimal controls and monitoring 

- Environmental: 

� TID – 96 Gy 

� NIEL – 5.8 x 1012 neutrons/cm
2
 1MeV equivalent 

� SEE – 1 x 1012 protons/cm
2
 > 20 MeV 

� B field – from 0.3 to 0.6 T 

12 V

ATLAS Project Document No: Page: 5 of 10 

ATL-M-NG-0088 Rev. No.: 9.0 

 
3. TECHNICAL REQUIREMENTS 

3.1  The NSW LV system 
The 7,500 on-detector electronics boards of the NSW are expected to draw about 110 kW of power in 
aggregate.  The components on these boards require voltages ranging from 1.2V – 2.5 V, which will be 
provided by integrated DC-DC converters using the CERN FEAST ASIC [3]. These converters operate 
from an input supply from 5 to 12 VDC.  Mechanical and thermal considerations limit the permissible 
cable bulk and require that the detector be supplied with at least 48 VDC.  It is therefore necessary to 
include a power conversion stage on the detector. 
This document is related to the supply of the ICS that will be installed on the detector, accepts at least 48 
VDC as input, and provides a maximum of 12 VDC to the on-detector electronics boards. In the 
following the ICS specifications are described. 

3.2 Proposed quantities 
It is expected that there will be 640 LV channels (80 modules) for the MM and 384 channels (48 
modules) for the sTGC system. All electrical, mechanical, and functional requirements are the same for 
both. It is intended that each module provides 8 channels as described in the mechanical requirements. 

3.3 Requirements 
Table 1 lists the required environmental tolerances. The functionality of the supply is summarized in 
Table 2. The mechanical and electrical requirements are in Table 3 and Table 4, respectively. 

 
Environmental 
Tolerance 

Required Value 

Ionizing Radiation 96 Gy 
Displacement Damage 5.8x1012 1-MeV Eq. n/cm2 
Single-Event Fluence 1.0x1012 p/cm2 (E > 20 MeV) 
Magnetic Field 0.5 T 

Table 1:  Environmental tolerance requirements for the ICS power supply 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intermediate Conversion Stage
• Stand alone box 90x200x200 mm3

• Embeddded minimal controls and monitoring
• Logica di trip per Vmax e Imax
• 190 W/ch
• canali floating ed isolati

moduli a 8 canali
• 80 moduli MM
• 48 moduli sTGC

AC/DC
Caverna

Sistema di alimentazione per NSW

Gara da effettuarsi 
in tempi brevi, 
coinvolgimento 
italiano



CMS: µ-tagging ad alto η
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GE11	(2016-2019):	
• Sistema	HV	distribuito	collocato	in	area	non	osAle	(USC)	
•A1515TG	FloaAng	High	Voltage	Power	Supplies:	(70-80	?)		

• Low	voltage	“standard”	con	sistema	EASY:	(50	?)	
GE21	(2023):	simile	a	GE11

ME0	(2023)	è	in	fase	di	definizione	

29/09/2016                                                Lisa Borgonovi – 102° Congresso SIF 

CMS Upgrades 

4 

Phase I (2019) 
 

•Pixel: 4th layer for better RECO 
•L1 Trigger: high efficiency and low 
rate despite worse PU and 
Luminosity conditions 
• HCAL: electronics 

Phase II (2024) 
Improvement or substitution of ALL 

sub-detectors 
 

•New tracker and end-cap calorimeter: 
Pixel + SiStrips + HGCAL 
• Geometrical acceptance extension:  
η = 2.4 → 2.8 for tracker and muon system 

RPC	fino	a	LS3:	
ConAnuare	con	il	sistema	EASY:	
120	A3009	+	150	A3512	
(con	upgrade	infrastru\urali:	AC/DC,	EASY,	SY)	

RE31	e	RE41	(se	approvaA):	24	A3512	+	20	A3009

1.2. GEM technology and GE1/1 system overview 7

Figure 1.5: First CMS muon endcap station where the inner ring is equipped with 18 long and
18 short triple GEM superchambers.



Sistema di canali HV complessi 

• GE1/1: 7 canali HV indipendenti ed 
isolati
- sistema “compatto” in area non ostile
- ramp-up/down ben sincronizzato 

(controllo ∆V tra i fogli)
- in caso di short su 1 segmento HV, 

l’alimentatore mantiene la tensione 
assicurando la corrente attraverso le 
protezioni a 10 MΩ
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12 Chapter 2. GE1/1 GEM Chambers

Figure 2.1: Scanning Electron Microscope (SEM) picture of a GEM foil (left) [10] and schematic
view of the electric field lines (white), electron flow (blue), and ion flow (purple) through a
bi-conical GEM hole (right). The outer diameters of the hole are 70 µm and the inner diameter
is 50 µm; the hole pitch is 140 µm.
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Figure 2.2: Principle of operation of a generic triple-GEM chamber and definition of drift, trans-
fer, and signal induction gap regions within the detector [10]. The columns on the right give the
actual gap sizes in the GE1/1. They also list typical values for electric potentials on the seven
electrodes and typical values for voltages and electric fields across the four gaps (blue) and the
three foils (red) if the nominal potential of 3200 V for operation in Ar/CO2 70:30 is applied to
the drift cathode.
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Individually	floa-ng	stacked	channels	COMPLEX	CHANNEL PROTECTIONS
(10	Mohm	each)

Sector	1 Sector	2 Sector	3 Sector	N

Sector	1 Sector	2 Sector	3 Sector	N

Sector	1 Sector	2 Sector	3 Sector	N

DRIFT

GEM1	Top

GEM1	Bottom

GEM2	Top

GEM2	Bottom

GEM3	Top

GEM3	Bottom

READOUT

0-1KV	
(Floating	up	to	5KV)

0-1KV	
(Floating	up	to	5KV)

0-1KV	
(Floating	up	to	5KV)

0-1KV	
(Floating	up	to	5KV)

0-1KV	
(Floating	up	to	5KV)

0-1KV	
(Floating	up	to	5KV)

FILTERS

0-1KV	
(Floating	up	to	5KV)

...

...

...
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GEM	1	filter	

GEM	HV	distr.	
(1	to	2	or	1	to	1)	

GEM	2	filter	

GEM	n	filter	
•  Mainframes	and	HV	boards	in	USC	
•  HV	distributors	placed	in	USC	

100%	of	the	hardware	is	accessible		
•  Mul?-conductor	cable	from	USC	to	UXC	
•  Filter	close	to	the	chamber	(if	necessary)	

USC	

UXC	1	

7	

1	GEM	HV	distr.	
(1	to	2	or	1	to	1)	

n	

7	

1	

Ethernet	
Wireless	
USB	

16	mul'conductor	cable	(100	mt)	

52	pins	

10	

Assure	a	very	high	stability	of	the	detector	
• No	over-voltage	during	the	ramping	
• Voltage	stability	=	0.01%/oC	
• Voltage	stability	at	fixed	temperature	<	0.01%	
Low	noise	induced	on	the	chamber	and	front-end		
Very	fast	feedback	in	case	of	local	discharge	

CAEN	
A1515TG	

OperaAng	Range	0-5	KV		and	0-1	mA	
Accessibility	(great	part	of	the	system)	
Hardware	and	sojware	voltage	limitaAon	
CompaAble	with	CMS	DCS	and	DSS	system



Rinnovamento dei vecchi 
sistemi di alimentazione

• Sostanziale il coinvolgimento italiano nei sistemi di alimentazione 
dei rivelatori per µ già installati, sia per ATLAS che CMS

• Da capire lo scenario di manutenzione/sostituzione per HL-LHC. 
• Esempio: sistemi LV e HV per ATLAS: MDT, RPC, TGC

- basati su sistema CAEN EASY 3000
- Obsolescenza. Reperibilità dei componenti. Contratto di manutenzione 

in scadenza. 
- Rinnovo dei sistemi di controllo: 
✓necessità di adottare nuovi protocolli di comunicazione per evitare collo di 

bottiglia
- Invecchiamento da radiazione. Il sistema è certificato per una luminosità 

integrata di ~1700 fb-1: abbastanza per finire la fase1 ma non per 
terminare la fase2

• Il sistema può funzionare fino al 2029 ma non fino al 2034.
- Elevato il costo per rimpiazzare tutto insieme: ~ 10 M€

• sostituzione graduale dei componenti distribuita su 4-5 anni di 
tempo
- sistema retro-compatibile con i protocolli DCS già in uso

15



Calorimetri
Rivelatori nuovi (calorimetro di CMS in avanti) o 
comunque FE nuovo dei rivelatori → sistema di 

alimentazione da rifare



LV:	adesso:	regolatori	low-voltage	resistenA	alla	radiazione	(LHC4913	ST-microelectronics)	
→		upgrade:	converAtori	DC-DC	serie	“FEAST”.	Pronto	il	primo	protoApo	della	scheda	
con	i	DC-DC	montaA.	

LV:	back-end:	basato	su	sistema	Maraton	della	Wiener,	collocato	nella	caverna	di	CMS.	
Power	~	150	kW	→		upgrade:	nuovo	sistema	da	rifare.	

CMS ECAL barrel
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3.2. Longevity of the Phase-I Detector 77

regions 2.4 < h < 2.7 and 2.1 < h < 2.4 is expected by the end of 2016 and by mid 2018 (the
end of Run-II), respectively, and for 1.8 < h < 2.1 by the end of Run 3 (at the end of 2022). A
small degree of recovery is expected during periods of no beam, at the level of a few percent of
the initial loss.

The transparency of the VPT faceplates (UV borosilicate glass) decreases in the presence of
ionizing radiation. The transparency loss for the glass batches used for faceplate production
was required to be less than 10% for a received dose of 20 kGy. Further faceplate tests have
been carried out with a Co60 source and with a 24 GeV proton beam for proton fluences up
to 4.3·1013 cm�2. All the indications to date show that the transparency losses are asymptotic
and level out at ⇠10%. The VPT faceplate transparency losses in the region 2.7 < h < 3.0 are
expected to saturate by the end of Run-II.

Another consideration of relevance for the signal loss in the endcaps is that the gain of the
VPTs cannot be further increased to compensate for the crystal light output reduction. The
VPT signal loss, even though of minor relevance with respect to the crystal radiation damage,
is taken into account in the aging model described in Section 3.3.1.

3.2.1.4 Present ECAL Electronics and its longevity

Figure 3.6: The ECAL Barrel on-detector electronics. The Mother Board (MB)(not shown) con-
nects the APDs to the very-front-end card (VFE) which contains pulse amplification, shaping
and digitization functions. The VFE connects to the front end card (FE) which forms the trigger
primitives and contains a trigger latency buffer. The EE electronics have a similar architecture.

The present ECAL on-detector electronics is shown in Figure 3.6. Two APDs are mounted
on the rear face of the crystal and connected in parallel to form one readout per crystal. The
APDs are connected to the passive motherboard (MB) which distributes high voltage and low
voltage as well as interconnecting the APDs to the very-front-end (VFE) cards. Each VFE card
has five readout channels consisting of a multi-gain pre-amplifier (MPGA) with a 43 ns shaping
time and a 12-bit analog-to-digital converter (ADC) (least significant bit 40 MeV). The digitized
signals from five VFE cards are passed to an FE card. The FE card forms the trigger primitive
for the 5x5 crystal array and contains a digital latency buffer and the primary event buffer.

The trigger primitive is the transverse energy deposited in a trigger tower and a single bit to
qualify the energy deposit along h. The trigger primitives are transmitted optically to a trigger
concentrator card in the underground service cavern. The per-crystal information is buffered

Principali upgrades:
- abbassamento T esercizio (8 deg) → 

mitigato l’effetto della rad. sulla risoluzione
- nuova elettronica VFE/FE/BE 
- GBT @ 10Gbps → trasferimento dati dai cx 

a 40 MHz

		
HV	for	the	APDs:	adesso	CAEN	SY4527+	board	A1520PE	(1224	channels),	installata	in	

USC	(HV	fino	a	500	V,	I<15mA,	estrema	stabilità	e	precisione	su	120	m	di	cavi,	
sistemi	dotaA	fili	di	sense).	→	Da	rifare	per	l’upgrade	a	causa	dell’obsolescenza	dei	
componenA.	

61200	PWO	crystals	with	APD	photon	sensors.	



CMS HGC
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▫ sostituzione dei calorimetri negli endcap di CMS

▫ misura di jets, τ-jets, boosted jets, …

HGC

• parte	e.m.	(26	X0,	1.5λ):	28	layers	di	
Silicio	con	assorbitore	W/Cu

• parte	adronica:	(3.5	λ):	
12	layers	di	Silicio/ottone	
o	acciaio

• BH (5 λ) → 12 layers di 
Scintillatore/ottone (acciaio)

-30 oC

• 593 m2 di silicon 
• 6M canali, celle di 0.5-1 cm2 

• 52 layers 
• 21,660 moduli (sensori 8” o 2x6”)

~  2 x 50 kW @ 1.2V
uso di DC/DC
Backend da definire.



ATLAS LAr 
• Elettronica FE e BE da cambiare → uso di PoL sul FE.
• sviluppo di alimentatore DC/DC 

intermedio in zona ostile con forti vincoli 
di spazio (constrained b/w 2 tile fingers)

• alternativa: sistema BE in area non-
ostile

• TDR per autunno 2017
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CRATE

ATLAS LAr DPA for Phase II

ACES - CERN                           Mauro Citterio

280 Vdc

Main
DC/DC

Converter

FEB #3

POLLDO 
Converter

POLLDO 
Converter

POLLDO 
Converter

FEB #2

POLLDO 
Converter

POLLDO 
Converter

POLLDO 
Converter

FEB #1

LoadniPoL
Converter

LoadniPoL
Converter

LoadniPoL
Converter

12Vdc±5%
Regulated DC bus

PoL = Point of Load

March 8, 2016

48Vdc±5%

High DC conversion-ratio converters

Radiation Environment 

February 22, 2016 CAEN Meeting - Viareggio -                           Mauro Citterio 

The expected background for the ATLAS Liquid Argon (LAr) calorimeter electronics are shown in 
the Table and in the Figure for Phase II run. 
Phase II background ~ 10 time higher than present  
Radiation background is due to a mixed-field of hadrons, electrons and photons. 
  

Electronic devices are effected by: Single event effects, Total ionizing dose, Displacement damage 

Neutrons 

x 10

ATLAS LAr @ HL-LHC

March 8, 2016 ACES - CERN                           Mauro Citterio

Front-end Electronics
Equivalent Load: ~ 3kW
Load will not increase in Phase II

DC-DC Main Converter
Constrained between two Tile 
fingers 
Dimensions: ~ 15x30x40 cm^3
Water cooled

Power Supply exposed to
- radiation
- “moderate” magnetic field (< 1 kG)

NOT accessible Æ Reliability/Redundancy
Single Point of Failure



Tracciatori
Sia ATLAS che CMS devono sostituire interamente 

i tracciatori → sistemi fortemente innovativi per 
resistere alla radiazione ed assicurare il flusso di 

dati necessario



tracker di CMS per HL-LHC

Internal Tracker 
~40 kW @ ~ 1.2V 

Outer Tracker: 
~ 8200 2S modules 
~ 5300 PS modules

18 Chapter 2. Overview of the Phase-2 Tracker Upgrade
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Figure 2.3: Sketch of one quarter of the tracker layout in r-z view. In the Inner Tracker the green
lines correspond to pixel modules made of two readout chips and yellow lines to pixel modules
with four readout chips. In the Outer tracker the blue lines correspond to PS modules, while
red lines correspond to 2S modules. Details are provided in the text. FIXME: This figure will
have to be replaced once more, as the number of rings in layer 1 of the TBPS increased to 12.

2.3 Overview of the upgraded tracker concept384

2.3.1 Tracker input to the L1 trigger385

The enhancement of the trigger performance involves both a higher output rate of interesting386

events and an improved discriminating power of the event selection, which is more challeng-387

ing in a high pileup environment. Improved discriminating power will be achieved by using388

more information for the trigger decision, with a longer latency available for its processing.389

CMS plans to enhance the first level trigger rate from 100 kHz to 750 kHz and to increase the390

latency from 3.2 µs to 12.5 µ. These are the new requirements for the front-end electronics of391

the tracking systems and for the provision of tracking information for the L1 trigger decision,392

implying that the tracker will send out self-selected information at every bunch crossing.393

Such functionality relies upon local data reduction in the front-end electronics, in order to limit394

the volume of data that have to be sent out at 40 MHz. This is achieved with modules that395

are capable of rejecting signals from particles below a certain pT threshold, referred to as “pT396

modules” [21]. The modules are composed of two single-sided closely-spaced sensors read out397

by a common set of front-end ASICs, that correlate the signals in the two sensors and select398

the hit pairs (referred to as “stubs”) compatible with particles above the chosen pT threshold399

(Fig. 2.4). A threshold of around 2 GeV corresponds to a data volume reduction of roughly one400

order of magnitude, which is sufficient to enable transmission of the stubs at 40 MHz, while all401

other signals are stored in the front-end pipelines and read out when a trigger signal is received.402

For a realistic pitch of about 100 µm between silicon strips (or macro-pixels, as detailed below),403

sufficient pT resolution can be achieved down to a radius of about 200 mm in a barrel geometry,404

thanks to the 3.8 T magnetic field of CMS. The concept is therefore applicable in the Outer405

Tracker, and limited in angular acceptance to about |h| < 2.4.406

2.3.2 The Outer Tracker407

The Outer Tracker is populated with pT modules, implementing the L1 trigger functionality.408

The pT module concept relies on the fact that the strips of both sensors are parallel to the z axis409

in the barrel and nearly radial in the endcap, preventing the use of stereo strips to measure the410

z coordinate. For this reason two versions of pT modules have been realized: modules with two411

strip sensors (2-strip or 2S modules) and modules with a strip and a macro-pixel sensor (pixel-412

Outer Tracker 
~100 kW @ ~ 11V 

Inner Tracker (pixels): 
~ 4000 modules 
~ 13000 R/O chips (RD53)

17.02.2016 G.Sguazzoni

PT-module concept
• Only high-PT tracks data are sent out @40MHz to save bandwidth and 

ease a fast track reconstruction
• PT discrimination based on local spatial hit correlation on two 

appropriately spaced sensors

‣profits from the high CMS B-field
‣ relies on hybrid flex technology
‣only high-PT pairs (stubs) are 

selected (threshold ~2GeV)
‣ threshold fixed by the sensor 
spacing (that depends on the 
distance with respect to the beam 
line) and by a configurable discrete 
hit matching window

6
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pass fail

~1.6-4mm

~0.1mm

hit matching windows

stub
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!! Tracker"design"

EE!

! Requires"low,power"GBT"with"high"bandwidth"to"overcome"performance"limitaTons"in"
trigger"and"data"transfer"for"inner"layers""

! BE"electronics:"AssociaTve"Memories"+"FPGA"or"FPGAs"only"with"two"schemes"for"
algorithms"&"cabling","requires"high"processing"power"&"bandwidth,"short"latency"for"
trigger"object"formaTon","demonstrators"are"becoming"available"

OT"modules"with"2"sensors"spaced"by"few"mm"and"readout"by"the"same"ASIC"Chip""
measure"bending"of"parTcles"in"high"B,field"and"transfer"hits"for"tracks"with"Pt"�"2"GeV"at"40"
MHz,"track"reconstrucTon"in"Back,End"electronics"for"L1,Trigger"

(K."Hahn’s"presentaTon)"

Correlazione 
sopra/sotto 
effettuata 
dall’elettronica di 
FE sul modulo


Studi in sinergia con ATLAS:
tecnologia dei sensori (n-in-p: 3-D, 
planari con/senza bordo attivo, …)
chip di lettura → RD53
alimentazione → serial powering
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Figure 8.33: Sketch of the two-step powering schemes used in the FEHs of the 2S (left) and PS
(right) modules, indicating also the nominal voltages and expected currents.

Figure 8.34: Photographs of the top side (left) and bottom side (right) of the SEH prototype,
with the FEAST2 and LTC3412A areas indicated by a green and blue box, respectively, and the
VTRx+ connector framed by a pink box. The input and 1.25 V output connectors are labelled.
The four white connectors visible on the top right of the left photo are used for high speed
electrical data transmission. The shield is not mounted. On the backside the HV circuit is
visible.

its own LV distribution. In the first conversion stage the upFEAST DC-DC converter receives3377

11V and converts this voltage to 2.55 V, as required by the VTRx+. In the second stage one or3378

two DCDC2S converters are used to convert 2.55 V into 1.25 V and 1.0 V. Both upFEAST and3379

DCDC2S converter chips are still under development; it is expected that prototypes suitable for3380

use in service hybrids will become available within 2017. They require an air-core inductor as3381

energy storage element (ferrite inductors would saturate in the CMS magnetic field), a number3382

of passive filter components and an electro-magnetic shield.3383

It is foreseen to produce the final SEHs with the same companies as the FE hybrids. The SEHs3384

are part of the hybrid tendering process and procurement plan (Sect. 8.2.2.6). There are in total3385

six SEH types: two for 2S modules and four for PS modules. The SEHs for the 1.8 mm and3386

4.0 mm versions of the 2S module differ only in their geometry: while the 1.8 mm version is3387

flat, the 4.0 mm version sits below the level of the FE hybrid, requiring flexible Kapton tails to3388

connect to the FEH. In a similar way, the POHs of the three PS module types sit on different3389

height levels with respect to the FEHs, requiring flex tails of different lengths to connect to3390

them. The OPTOs for the three PS module variants are identical.3391

A prototype 2S module SEH has been developed, as shown in Fig. 8.34. Due to the fact that3392

all active components are still under development and are therefore currently not available, it3393

differs in several aspects from the final design. The upFEAST DC-DC converter is replaced by3394

its predecessor, the FEAST2 ASIC [73]. The functionality of the two chips is the same, however3395

the upFEAST will feature increased radiation-hardness to be compatible with HL-LHC tracker3396

applications. An air-core toroid with an inductance of 200 nH and a DC resistance of 38 mW is3397

used, and the switching frequency is set to 2 MHz. The DCDC2S is replaced by a commercial3398

device (LTC3412A). The inductor is the same as used for FEAST2, and this commercial DC-3399

DC converter is set to switch at 2.45 MHz. Pi-filters are implemented at the chip LV input and3400

Possibile schema OT CMS

~ 1300 canali di potenza, ~ 150 W/ch
~ 13000 fili LV da back-end a detector 
da gestire (monitoring, controlli)

LV

HV

p
a

tc
h 

pa
ne

l

  
~ 12 x LV  
~ 12 x HV
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Figure 2.16: Exploded view of the PS module components (left), 3D view of the assembled
module(upper right), sketch of the FE Hybrid folded around its support (lower right). The base
plate is glued onto a flat surface on the support structure that is kept cold during operation.

As explained in Section 2.3.2.4, the powering and readout link functions of the PS module are
implemented in two small flex circuits, located on opposite sides of the sensors. The Power
Hybrid is glued directly to the surface of the base plate in order to maximize the efficiency of
the cooling contact, while the Optical Link Hybrid is mounted on a spacer in order to raise its
surface to the level of the FE Hybrids to facilitate wire bonding. The power for the FE Hybrids
and the bias voltage are distributed from the Power Hybrid via flexible tails.

The CFRP base plate is equipped with two holes that are used to precisely position the module
on the support and cooling structure. The low-impedance thermal interface between the mod-
ule and the cooling structure is established via phase-change thermal interface glues that allow
for the dismounting of modules for repair or replacement prior to the final installation in the
Tracker.

2.3.3.3 Thermal performance and mass estimates

The development of both module designs has been guided by finite element analysis (FEA)
of thermal performance and mechanical deformations that occur when they are cooled to low
temperatures. Such studies have guided several basic aspects of the module assembly and
cooling concepts including the choice of material and the sizes of the thermal contacts.

The FEA models include the module geometry, its support and cooling structure, as well as a
realistic description of the power dissipation of the front-end electronics and the sensors. The
sensor power dissipation is estimated for each module type and version (2S or PS module, and
specific sensor spacing), based upon the expected maximum fluence at the different locations
in the Tracker volume (see Fig. 2.3). A summary of the estimated power dissipation in the sen-
sors after an irradiation corresponding to 3000 fb�1 of integrated luminosity and typical power
consumption values for the othe FE components are collected in Table 2.2 (for PS modules the
chosen values are at the high end of the ranges quoted in Section 2.3.2.3). The heat generated
by the power converter is calculated from the sum of the power consumed by the front-end
electronics under the assumption that the power converter operates at an efficiency of 75%,

22 Chapter 3. The Outer Tracker

Figure 3.2: Left: model of a TB2S ladder (left), housing twelve 2S modules. Right: x-y view of
the TB2S, showing the staggering of neighbouring ladders in radius.

minimum that ensures sufficiently robust track finding performance for the first-level trigger.487

Extensive studies performed with different detector configurations have shown that with five488

module layers the track finding performance would be heavily affected as soon as some parts489

of the detector become inefficient, while with six layers the performance is robust with respect490

to minor inefficiencies affecting only one layer [16]. A similar logic drives the choice of the491

number of layers populated with PS modules: at least two precise coordinates are needed to492

measure the polar angle of the track and provide some level of primary vertex discrimination,493

hence three layers are necessary to ensure adequate performance with minimal redundancy.494

3.1.1 Implementation of hermetic layers495

Since pT modules are read out by front-end hybrids from the edges in order to implement the496

connectivity between the two sensors, significant inactive surface on the two ends of the sensors497

is unavoidable. Furthermore, to simplify the connectivity and minimize the mass, the service498

electronics providing the readout and powering infrastructure for the front-end chips and the499

bias for the sensors has also been integrated at module level on service hybrids, implemented500

on the ends of the sensors. In order to form hermetic layers, overlap between modules is501

required on all four edges of the sensors.502

In the three layers of the TB2S, modules are mounted on “ladder” structures (Fig. 3.2, left).503

Consecutive modules are mounted on opposite sides with respect to the central plane of the504

ladder, implementing z overlap between the active surfaces of the sensors.505

Along j, consecutive ladders are staggered in r (Fig. 3.2, right). Hence a hermetic barrel layer506

is formed by modules located at four different radii, as visible in Fig. 3.1. A ladder covers half507

the length of the barrel; at z = 0 two ladders overlap with modules staggered in r, ensuring508

hermetic coverage.509

In the three layers of the TBPS, the arrangement of modules in space appears to be more com-510

plicated, however the active surfaces of the sensors still form three hermetic layers, as seen511

by particles emerging from the luminous region. In the central section modules are mounted512

on “planks”, using an arrangement similar to that used in the TB2S ladders: within a plank z-513

overlap is obtained with a radial staggering of the modules, by mounting them alternatingly on514

the two sides of the plank (Fig. 3.3, left), while consecutive planks along j are again located at515

different radii. In this case one plank covers the entire length of the central section and consists516

of an odd number of modules, hence avoiding any gap at z = 0. The central section is com-517

• Ubicazione ? (UXC/USC)
• Sezione dei cavi ?
• Compensazione della 

caduta sui cavi ?

 ~ 100 m

~ 8 W per PS module
~ 5 W per 2S module

Conversione 2-stage 
sui moduli



Possibile configurazione del sistema:
• ~500 power loops in corrente
• I ~ 10A
• V ~ 10-20 V
Collaborazione INFN-CAEN nell’ambito del 
progetto della Regione Toscana NEOLITE 
per lo sviluppo di una sorgente di corrente

Inner Tracker: Serial Powering
• livelli di radiazione e vincoli di spazio e material budget escludono l’uso dei DC/DC 

sui moduli pixel
• l’opzione di base per ATLAS e CMS è uno schema di 

alimentazione in serie (SP)
• sviluppo in collaborazione tra ATLAS e CMS:
✓ ATLAS parte dall’esperienza fatta col progetto IBL
✓ FEI3, FEI4 sono dotati di circuito “shunt-LDO” e 

possono essere configurati per S.P.
✓ in corso studi su SP utilizzando FEI4 in piccoli setup
✓ prossimi tests su 65nm Shunt-LDO test chip irraggiati
✓ shunt-LDO verrà incluso nel chip RD53

Shunt:LDO&regulator&

gonella@physik.uniIbonn.de% 14%

!  ShuntILDO%features%%
–  Robust%design%against%process%varia>on%and%mismatch%for%safe%parallel%opera>on%

(i.e.%sharing%Iin%and%Iout%connec>on,%not%Vout!)%
–  Parallel%opera>on%of%regulators%with%different%output%voltages%possible%
–  Ability%to%shunt%extra%current%in%case%one%of%the%regulators%in%parallel%fails%
–  Different%working%modes%for%current%and%voltage%based%power%distribu>on%

!  Voltage%regula>on%loop%(LDO)%"%
constant%Vout%=%2Vref%

!  Current%regula>on%loop%(shunt)%"%
keeps%current%through%the%regulator%
constant%

!  Ohmic%input%characteris>cs%

SHUNT-LDO. credits: M.Karagounis
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Figure 4.9: Sketch of the location of the LpGBT modules, which are symbolized by the orange
boxes. The barrel pixel modules are connected with low mass cables to LpGBT modules located
at the outer periphery of the pixel detector for radiation tolerance reasons. In the forward
region the LpGBT modules will be part of the discs. FIXME: To be updated with better/detailed
illustration, if available.

such lower mass alternatives will be viable (limited bending flexibility of flex cables, fragility1856

of thin copper cladded aluminium twisted pairs). For the discs in TFPX and TEPX the signal1857

transmission distance is very short, as can be seen in Fig. 4.9. The LpGBT modules are expected1858

to be an integral part of each disc unit.1859

The extreme high rate requirements for the PROC necessitate the use of a modern high density1860

low power CMOS technology with low supply voltage (1.2 V), resulting in a pixel chip that1861

must be supplied with significant current levels (⇠ 2 A per chip). The use of a classical passive1862

parallel powering system is excluded for such high currents. The use of local DC-DC power1863

conversion has also been excluded because of the extremely hostile radiation environment and1864

very tight constraints on space and material budget. A serial power distribution system has1865

been found to be the only viable scheme to supply the pixel detector with the required power,1866

within an acceptable material budget and with acceptable power cable losses. Serial power1867

loops feed the required supply current each to a chain of 8-10 pixel modules, with pixel chips1868

on each module (two or four chips) connected in parallel, as illustrated in Fig. 4.10. The number1869

Figure 4.10: Serial power distribution with pixel chips in parallel on the module and modules
connected in series.

I



Conclusioni
• Le future fasi di funzionamento di LHC comporteranno 

delle richieste mutate sui rivelatori e sulle alimentazioni:
- maggiore densità di canali
- elettronica di FE di nuova generazione
- ambiente in caverna ~ 10x più ostile

• Necessità comune di aggiornare l’infrastruttura e standard 
di comunicazione (es. DCS)

• In particolare per calorimetri e tracciatore:
- maggiore modularità e potenza richiesta a tensioni più basse
- uso diffuso di DC/DC converter sul detector o nelle vicinanze
- studio in corso per alimentazioni con schema in serie per i 

rivelatori pixel

24
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Nuovo TRIGGER L1
- 100 KHz L1-accept rate
- supercelle calorimetriche ad alta 

granularità. 
- Dati processati da tre “Feature 

Extractors” (FEX’s) per p.ID (eFEX: 
e-γ, jFET: Jets, gFET: large R-jets) 
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THE ATLAS DETECTOR AND TDAQ

The current detector allows full tracking up to eta 2.5, with calorimeter coverage up to |η|<5.
The overall structure will remain unchanged for the HL-LHC

8/4/2016 - ICHEP 2016ATLAS Upgrades - G. Volpi 3

FTK (Fast Tracker)
- tracking completo (pt>1GeV) a 

100 kHz @ HLT
- pattern recognition e track fitting 

basati su AM e FPGA

ATLAS, upgrade di fase1

LAr Phase-1 Upgrade 
- L1 trigger - incremento di un ordine 

di grandezza nella segmentazione 
delle torri di trigger (granularità fino a 
ΔηxΔφ = 0.025x0.1)

- digitalizzazione on-detector

NSW - New Small Wheel
- stazione più interna degli 

endcap dello spettrometro a 
muoni. sTGC + Micromegas.

- r/o e trig “PHASE2 READY”

(LS1) IBL e nuova beam pipe
- px layer a 3.3mm dai fasci
- 14 staves x (12 sens. planari + 

8 sens. 3-D letti da chip FEI4)
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Phase-2 Overview

6/18/2016 A. Belloni :: CMS Upgrades - LHCP2016 8
HCAL (HB, HE, HO):

- nuovi fotorivelatori (SiPM al posto di 
HPD)

- elettronica “Front End” + “Back End”
- HF:

- nuovi fotorivelatori: MA-PMT al 
posto dei PMT

CMS, upgrade di fase1
TRIGGER L1. 
Elettronica “back end” rinnovata (sistema 
modulare basato su FPGA). Trasmissione 
dati su fibra ottica. 
Incrementati sostanzialmente:

• il flusso di dati e la granularità 
disponibili a L1

• complessità nelle decisioni L1 (es. τ ID)
• migliore integrazione del sistema µ
• sottrazione PU sulle primitive 

calorimetriche

Rivelatori µ
- YE4 → quarto endcap µ (CSC, RPC) durante LS1
- DT: sostituita l’elettronica sulle camere 

(minicrate). ROS (readout server) e TSC (trigger 
sector collector)  spostati in USC. Segnale 
digitalizzato sulle camere e trasferito via link ottico 
in USC.

NEW pixel
• chip r/o permette di 

operare @ 2E34 Hz/cm2 
fino a L_int ~ 500fb

• 4 layer barrel, 3 dischi → 
migliorata risoluzione in 
IP e efficienza HLT

• riduzione material budget 
→ nuova meccanica di 
supporto e nuovi servizi: 
DC-DC power, cooling 
bifase a CO2



THE ATLAS DETECTOR AND TDAQ

The current detector allows full tracking up to eta 2.5, with calorimeter coverage up to |η|<5.
The overall structure will remain unchanged for the HL-LHC

8/4/2016 - ICHEP 2016ATLAS Upgrades - G. Volpi 3

Front End upgrade:
- Elettronica LAr (FE+BE): streaming di tutti i dati 

con digitizzazione “on detector” a 40/80 MHz
- Elettronica del Tile Cal.

28

Nuova architettura TRIG
- L0 [Calo+muon] rate ~ 1 MHz, latenza ~6/10 µs
- Event Filter: (10KHz output) 

- L1 Track → “regional tracking” (pt>4GeV) ad 
alto rate

- FTK++ → tracciatura pt>1GeV @100kHz

ATLAS, upgrade di fase2
ITK

- Nuovo tracciatore interno interamente al silicio. 
Layout da finalizzare. Copertura fino a η=4

- Strips:
- 4 layers barrel, 6+6 dischi endcaps, moduli 

doppia faccia 
- sensori n-in-p (p-stop) spessi 320µm.
- Lettura digitale tramite “ABC130” (130 nm 

CMOS) con doppio buffer.
- Alimentazione: DC/DC converter sul 

rivelatore
- pixels: 

- 5 layers barrel, vari layers endcap
- varie opzioni ancora aperte per la scelta 

della tecnologia dei sensori

Camere a muoni
- Nuova elettronica r/o per RPC e TGC
- Nuova elettronica r/o per MDT (L1)
- Nuove “thin-gap” RPC + sMDT 

(30mm → 15mm) nel layer più 
interno del barrel

- high-η tagger per coprire fino a |η|=4
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Phase-2 Overview

6/18/2016 A. Belloni :: CMS Upgrades - LHCP2016 8

TRIGGER:
- L1 Track Trigger (hw)
- 750 kHz L1 rate, 12.5 µs latency
- 7.5 kHz HLT output

CMS, upgrade di fase2

29/09/2016                                                Lisa Borgonovi – 102° Congresso SIF 

CMS Upgrades 

4 

Phase I (2019) 
 

•Pixel: 4th layer for better RECO 
•L1 Trigger: high efficiency and low 
rate despite worse PU and 
Luminosity conditions 
• HCAL: electronics 

Phase II (2024) 
Improvement or substitution of ALL 

sub-detectors 
 

•New tracker and end-cap calorimeter: 
Pixel + SiStrips + HGCAL 
• Geometrical acceptance extension:  
η = 2.4 → 2.8 for tracker and muon system 

ECAL B:
-  diminuita T (8 deg) → mitigato 

l’effetto della rad. sulla risoluzione
- nuovi VFE/FE/BE 
- GBT @ 10Gbps → trasferimento 

dati dai cx a 40 MHz

Nuovo tracciatore: px+outer tracker
- Rad. tolerant - più leggero - 

maggiore granularità
- r/o selettivo a 40 MHz per L1 trigger
- Accettanza estesa fino a η≃3.8 

Nuovo endcap “High Granularity 
Calorimeter”
- Rad. tolerant 
- segmentazione trasversale e 

longitudinale
- capacità di timing

Potenziamento rivelazione µ
- nuova elettronica FE/BE per (DT+CSC)
- RPC → fino η <2.4
- µ-tagging ad alto η: GEM/FTM/iRPC/µR-well … 



Rivelatori per µ
• ATLAS: MDT, RPC, TGC LV e HV: 

- sistema CAEN EASY3000
- HV fino a 10kV, LV power 122kW
- certificato per B, rad corrispondenti 

a 10y di LHC L nominale 
(1034cm-2s-1)
✓tests di irraggiamento a varie facility: 

Louvain-La-Neuve (p e n), Uppsala (p), 
Prospero (n), Casaccia (γ)

✓γ: 140 Gy, HEH: 2x1011cm-2 ,n1-MeV: 
2x1012cm-2

✓B: 2kG
- Composizione:
✓schede con canali HV e LV “floating” sulle balconate
✓sistema “bulk” di AC/DC converter in US15 (100m cavo) o sulle balconate 

(RPC-TGC, 20m cavo)
- in base alle simulazioni ed alla revisione dei fattori di sicurezza, la vita 

media del sistema è stimata in 1700 fb-1 → abbastanza per finire la 
fase1 ed iniziare la fase2, ma non per portarla a termine.
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