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Foreword : contributions falling into this summary...

Focus : LHC context, QCD(AA, pA, pp) + QGP (high temperature + low p1,)

ipnshare.in2p3.fr : 05 out of 14 contributions

— Generic / QGP (= the pO”) : Prospects on Quark-Gluon Plasma characterization and heavy-ion collisions
— Generic / Small systems : Unravelling the hadronic collision structure with Large-Scale System and Energy Scan

— Multi-Experiment / Fixed target : French Community Support for A Fixed-Target Programme for the LHC

— ALICE /
e ITS-3 + ANGHIE : Une expérience de nouvelle génération pour la QCD au HL-LHC
e FoCal : The ALICE FoCal proposal and small-x physics at the LHC

— CMS : Heavy-ion physics with the Compact Muon Solenoid

— LHCDb : Heavy-ion physics at LHCb

+ See presentations : QGP France prospectives meeting 10-12 Dec 2019, https://indico.cern.ch/event/862727/

next slides = mix between summary (/ have tried...)
and my own + objective biases (quite possible...)

Antonin.MAIRE@cern.ch — IPHC Strasbourg / In2p3 Prospectives GT03 2020


https://ipnshare.in2p3.fr/owncloud/index.php/s/qLlYyZZeJrRNu6V
https://indico.cern.ch/event/862727/
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A. Template for experimental cases at (HL-)LHC
B. Some (HL-)LHC physics case (runs 111 + 1V)

C. 2020, where are we ?

D. 22021, Run (ALICE major upgrades, LHCDb upgrade I)

E. 22027, Run IV (ALICE upgrade, CMS phase 2, LHCD upgrade Ib)
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Part A - template for physics cases



.1 — Observables : Layer 1/ as a function of the collision time

i Pre-equilibrium i «— QGP phase — i < free streaming

© - 'MADALUS

Courtesy of MADAIus
E

Kinetic freeze-out

-
il —

Initial cond® Chemical freeze-out

® ® o

0. 1 2. 3+4.

- Coherent E__ - Level of : - Degrees of freedom . Sudden freeze-out

- nPDF . Hydrodynamisation - Phase transitions : . HBT/Femtoscopy

- shadowing . Chemical equilibration . Chiral symm. restoration . Recombination/

- CGC . Thermalisation . Deconfinement coalescence

+ fluctuations via - Eq° of State . Hadronic re-interactions
Multi-Parton Interactions - Transport coefficients
+ Colour Reconnections - Radiative/Collisional E,__

+ Multiple parton scatterings
+ Rope shoving
+ Glasma oo
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file:///home/amaire/Bureau/Lk-ALICE/Presentations/%23https:%2F%2Fmadai-public.cs.unc.edu%2Fvisualization%2Fheavy-ion-collisions%2F

1.2 — Observables : Layer 2 / as a function of momentum

&

A IOW-pT “Collectivity” (pT <2-3 GeV/c) hlgh-pT “Collectivity” (pT > 6-8 GeV/C)

~ relativistic hydrodynamics .~ in-medium energy losses for energetic particles
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1.3 — Observables : Layer 3 / as a function of y (twice)

[nitial state | Longitudinal dynamics
L. ultra-low x, (x, < 107) I. |y|<2 :max = rapidity plateau in dN_/dn
L lowx, (€007 10°) | I lyl~35 :75% AN, /dn)
Il. moderate x, (x, €[107; 107']) Hr. |y| = 5.0 :45% (dN_/dn)

Na
<

—

=

ALICE, arXiv:1304.0347

2200 [C] ALICE (PRL 106 (2011) 032301) & ALICE symmetrized
2000~{ - ATLAS (PLB 710 (2012) 363-382) — Double Gaussian fit
£ CMS (JHEP
Taii-| 2 ( 1108 (2011) 141) R
1400
7 4 XB2 -ET- 1200
" . 10-20%
= 1000
o :
20 xg, 800 20-30%
600+
Xg, ® 99 Xg, i
~ 200+
Xg, # 148 X, c
o ‘% of of w23 w3 o 0 1 2 B A 5 B
Xy, # 2980 X, -
Projectilel Projectile2 ..
ify ~ n(m<<p) I
+ same type of beams (A/Z) 7732
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https://wwwold.jlab.org/news/releases/2004/04radyushkin.html
http://arxiv.org/abs/1304.0347

.4 — Observables : Layer 4 / as a function of flavours

« hadron-quark duality »

g+udsch(t) <= wrKK,..pAZ Q.. \
N(547) W(782) ... K°(892) (1020) >*(1385) A(1520) =°(1530) » u,d,s

+d t 3He “He ...
+° H ... /

e DY D* D™ Dy oo I Xg U2S) o ASE L | e

- B"B* B, ... Y(15,25,3S) ... A" ... } b

+
(ee’y)
(« W*Y/Z)

NB :
baryons Vs mesons
mixed flavours (s+c, s+b, ... c+b ...)
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.5 — Observables : Layer 5/ as a funct® of the collision system

e
g

W 1. PP
o Min. Bias

'ﬁ-'ghi-‘
Multiplicity

Pb-Pb, Iow centrality

86£60€1-p10221/SAD

Pb-Pb,
most central events
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http://cdsweb.cern.ch/record/1305398

l.c — Observables : paths through the multi-layer mesh

The multi-variate and interleaved families of QCD+QGP observables :

ime eV/c “Flavour” vent activity
t p, (GeV Fl Event activity
Initial conditions e < 0.1 o & o . KPAIBWPQWH'
e . o < U. b o U ° °
Initial fluctuations e . C[01:05] . ~ . S
° : ° e €105 5 1.0] e
Early hydrodynamisation e . 2 {(1)?) f ;8} . ! ] e 5 e « ppMB
Chemical equilibration ? o ﬂ e €[10:25]e 72| . . . ? . p-AMB
Deconfinement extent e * €[30;600 - .« €[25:50]e e b o pp high mult.
Chiral symm. restoration * € [6.0: 10.0] S « (¥ A hich mult
. . .0; 10. . e p-A high mu
Flydrocynamics . €[10.0;200] o *>50 . nE e AA low mult.
loss . “ e e AA semi-central
e =200 . o y/Z°e e AA most central

Phase transition(s) e
Hadronisation e
Chemical freeze-out e
Kinetic freeze-out e

(HL-)LHC watchword for (=Run III) : “precision era” pushed on many fronts

i.e. fight for (o, ~ negligible) ® (o, , < 1-5%) as much as possible

st

Note : QCD+QGP physics is both i) a bulk physics + ii) a rare-probe physics
— Nowadays, precision then implies extreme cases on both fronts ... (i.e. also for abundant observables)
(e.g. multi-differential, multi-correlated probes, < 1 High-Mult. evt every [10°-10°] MB pp evts...) 5. 55"
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Part B — Selected physics cases
for LHC and HL-LHC

1. Heavy flavours
2. Jets
3. Net quantum fluctuations



ALICE-PHO-SKE-2015-004

1.1 - Phys CaSe : example 1 - heavy-flavours facing collectivity

— hydrodynamization / diffusion coefficient / in-medium energy loss / hadronisation

1. Charm sector (Runs 111+1V)

. total charm cross-section cc:
1S 2S . D° D*, D_*, D(2010)* + A_*
Charmonia r](:( )’ J/“lj’ \!j( )a XCJ + ? ? S? ( ) + C
1,50% A « charm baryons

C
DO N (ct ~ 30-130 pm + 2-to-6 final states cascade decays) :
= /\C+(udc), EC+(usc), Eco(dsc>, Qco(ssc), ECC2+(UCC), e QCCC2+(CCC)

« quark recombination :
p/,].[+ — /\/KOS N /\C+/D+ — /\I)()/B()
« charm hypernuclei, c-deuteron = /A n bound state

2. Beauty sector (Runs Ili+1V)

0 mesons : B — D,
Bi N DOT[i,
Y B.” — non-prompt D
+ bottomonia : Y(1S), Y(2S), Y(3S)
baryons: A" — A" T, ... I
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https://cds.cern.ch/record/2026885

1.1 - Phys CaSe : ex. 1 — charm and beauty sectors

time

Initial conditions

Initial fluctuations

Early hydrodynamisation
Chemical equilibration

Deconfinement extent
Chiral symm. restoration

Hydrodynamics
In-medium E__

S

Phase transition(s)

Hadronisation

p,(GeV/c) Y| “Flavour” Event activity
. e & e e pp low mult.
. * =01 . TR . AAUPC
e €[0.1;05] o . = . e d
. ° 6[05,10] o ® 6[05’ 10]. o S ° e PP MB
) e €[1.0;3.0]
" e €[1.0;25] E — . p-AMB
e €[3.0;6.0] e b e . high mult.
: e €[25;5.0]e « () o \ PP IE
. e €[6.0;10.0] o e p-A high mult
) e €[10.0;200] * >5.0 ° VN e AA low mult.
. ‘o e AA semi-central
e > 200 . o y/Z°e * AA most central

Chemical freeze-out
Kinetic freeze-out

Pros :
Difficulties :

charm/beauty quarks produced from early primary hard-scattertings in collision

- low B.R.
- significant invariant mass background
- need excellent pointing resolution for 297 vertices o
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11.2 - Phys CaSe :ex. 2 - in-medium modification on jets

CMS Pb-Pb 5.02 TeV arXiv:1803.00042

pp reference CMS  Radial momentum distribution
07 <p7< 300Gev pp 27.4 pb” (5.02 TeV) PbPb 404 pb” (5.02 TeV)
anti-k; R=0.4 jets, p> 120 GeV, |11}e1| <1.6

o7 cp™c1Gev Bl cpcacey [ RERTASTIRY
[ J1<p*c2cev Bl cocscev Bl 6 <pc20Gev
[ 2co™cacev

Bl coci2Gey B 20 < o300 Gev

PbPb
50-100%c

PbPb
30-50%

PbPhb
10-30%c

PbPb
0-10%

10
=3
= 1ok

3r ik

P » 0.7 GeV

..-—-.& hi
:‘i o P » 2 GeV
A~ = p™ >4 GeV

s T :
s
=) 1*‘-2:4;;4‘{‘%&;;"; """""" b < - Py == - - - - T
& ] S . —

0 L L 1 1 L | 1 1 1 | L | 1 | L l

0O 02 04 06 08 0 02 04 06 08 (©p 02 04 06 08 |0 02 04 06 08 1

Ar Ar Ar Ar

- Where does the quenched energy go ?
- How is the vacuum picture altered ?

« Modification of parton shower ?
« Modification of fragmentation ?
= f(p,, jet mass, quark flavour, ...)

Now known with Runs I+1I :

(0-10% AA)/pp diff = important at :
- large Ar (Ar >0.4)

— -lowp, .. (p,<1GeV/c)

— (hyper)fine structure/shape jets (N, Ar, é=In(z"), z_, N-subjettiness, ...)

with flavour tagging (g Vs. g, ¢ Vs. b, ...) and PID content
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https://arxiv.org/abs/1803.00042

11l.2 - Phys CaSe : ex. 2 — in-medium modification on jets

ALICE arXiv:1807.06854 : ch. Jets, Pr e 0-15 GeV/c

time \ p e (GeV/c) Y| “Flavour’

Event activity

pp low mult.
AA UPC

Initial conditions e 0.1 « & o
Initial fluctuations — o U e
e €[0.1;05] . = . e d .
. €10.5;1.0]
Early hydrodynamisation e * 2 F; (5) ’ ;g% * - €l ] °© S e
Chemical equilibration e ’ -/- . €[1.0:25] L
Deconfinement extent e * €[3.0:6.0] ’ e €[25:5.0]¢ * b e
Chiral symm. restoration * € [6.0: 10.0] ’ « (¥
Hydrodynamics e * P * . 550 .
In-medium E__ » €[10.0;200] ' e vl
loss E E ° \A/lL )
re =200 o ° 7° e
Phase transition(s) e e * --------- ' 4
Hadronisation e , ' ' ,
Chemical freeze-out e ATLAS, arXiv:1805.05635 : R, , (jet) ~ 0.6, still for p_(jet) ~ 700 GeV/c
Kinetic freeze-out CMS arXiv:1611.01664 : R, ,.(h*) = 1, only for p (h*)> 200 GeV/c
Pros : triggerable hard probes
Difficulties : - subtraction of underlying event

- multiple-energy-scale problem, from hard to soft

pp MB

p-A MB
pp high mult.

p-A high mult
AA low mult.
AA semi-central
AA most central
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https://arxiv.org/abs/1805.05635
http://www.arXiv.org/abs/1611.01664
https://arxiv.org/abs/1807.06854

1113 - Phys CaSe : ex. 3 — net quantum fluctuations

Net quantum number fluctuations at (yu, = 0)
Q: net charge (h* - h),
B: netbaryon(p-p,A-A,..)
S : net strangeness (K'- K, A - A, ..))

Measure event-by-event fluctuations into distributions

with p > 0 GeV/c + over large y

0.0
/ o

1.6
1.4
1.2
1.0+
0.8
0.6{ &5 ",
0.4
0.2

i.e. p_-integrated quantities RE, (T.uz)
( Pr & q ) o1 T=152 MeV
1** moment, m : mean M 08
2"Y moment, m_: variance &? 0.7 P Lo1S8 Mev
2 T=161 MeV
3" moment, m,: skewness S 06 o —
. 0.5+ Ny=8
4" moment, m, : o< kurtosis K LO‘_“ .
0.4 s
th . NLO: [3,3]
5" moment, m_: no name sl NNLO: [5.5]
th .
6™ moment, m_: ... 0.2 . :
0 0.2 0.4

7" moment, m._ :

— key : ratios m/m.(e.g. m,°/m,’)
to access direct comparison to LQCD for

( deconfinement d.o.f.
+ chiral restoration

+ nature of transitions)

See also EMMI, arXiv:2001.08831

1

0.9

0.8

— mode
— median
— meah

Tiiay o =
J_mm.lmmmllumllululnllr

02 0.4 06 0.8 1.0 1.2 1.4 16 1.8 20 2.2
Wikipedia:

HotQCD, arXiv:2001.08530

Skewness

0.7F

0.6

05}

0.4

0.3

0.2

RB (T 1“'3) — SB{‘T:L — X'?(Ta r”'B)
g e Mp  xP(T,ps)
H42{TEHB} T=152 MeV _51 o
=] e
y X.i {T JH'H:I
s RB [T, f-['B) = HBCFE = —
= 2 BT, us)
T=158
T=161 Me
N =8
I LO: [0,0]
NLO: [2,2]
i NNLO: [4,4]
. . . kT
0 0.2 0.4 0.6 0.8 1
16/32
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https://en.wikipedia.org/wiki/Skewness
https://arxiv.org/abs/2001.08831
https://arxiv.org/abs/2001.08530

1115 - Phys CaSe : ex. 3 — net quantum fluctuations

time p,(GeV/q) Y| “Flavour” Event activity
Initial conditions e « <01 . e 8§ o e pp low mult.
Initial fluctuations e é [0 5 05] . 20 . . Z . « AAUPC
velos. 1 . .eo.s;1.o.f° )
Early hydrodynamisation e . 2 ﬁ(s) f ;g} .-\ [ ] « 5 e . ppMB
Chemical equilibration i e €[1.0:25] e A MB
it Bt o C ° e P-
Deconfinement extent e " €[3.0560] ) e €[25;50]e © b + pp high mult
Chiral symm. restoration ® € [6.0: 10.0] U U A hich mult
. . ° 03 . ° e Pp- Ign mu
I]Iijn:Z(g:;mécs . o €[10.0;200] *>350 * o VLI o e AA low mult.
loss . “ e e AA semi-central
e =200 . . 7° e e AA t tral
Phase transition(s) e v rmost centra
Hadronisation e
Chemical freeze-out e
Kinetic freeze-out
Pros : challenge and/or test ~directly to LQCD

Difficulties :  event-by-event measurement, calling for high efficiency (tracking + PID)
over large acceptance
e.g: net baryon fluctuations via (p-p ) :
e m,/m,~ ok for Runs lll+IV  (need > 0.2.10° 0-5% Pb-Pb evts <> > 0.5 nb™),
e m/m, # ok for Runs lll+1V  (need > 5.0 .10° 0-5% Pb-Pb evts <> > 13.5 nb™")
(— HL-LHC Yellow Report arXiv:1812.06772, Ch.3 p.35) " 17/32
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https://arxiv.org/abs/1812.06772

Part C — Where we are, 2020



11.. — 2020 picture . Human Ressources

IPHC

I / CC-In2p3

SC

Y

ALICE France CMS France | LHCb France
(Heavy ions) | (Heavy lons)
CNRS CEA CNRS CNRS
+ Ens. Sup + Ens. Sup + Ens. Sup
Chercheurs 25 8 2+1 2.5
Ens.-Ch. 11 - - 1
Post-docs O(2) O(1) 1 1
PhD students O(10) O(4) 2 2
ITA 61 11 0 HI, but nin 0 HI, but min
common with pp common wit pp
(GT01) (GTo1)
PWG / sub-PWG v (past) and/or v (currently)
responsabilities
Construct®/ « MFT (C project leader) « ECal & e SMOG2
Operat® o uTrk+ulD (c project leader) HGCal
« ITS2 « Computing

« (Em/DCal)

« Data Preparation Group
DPG (calibrat°, Quality Assu.)

« Computing

Synergies with the respective
pp’ communities

1
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I1l.2 — 2020 picture : LHC runs I+1l experiment config.

— systematism of the measurements: Yy ?V p_?V system ? V event activity ?

1. p; (h*) (GeV/c) PID y system

0- 0.08-015-05- 1- 10- |Det.| <1 =<2 fwd [pp, p-Pb Pb-Pb Pb-Pb
MB

0.08 0.15 05 1 10 200 M ot o 101-70% 0.5-0%

ALICE
ATLAS
CMS
LHCb
Y, e, w', K5, p
(+ topological identifications) «

- (aestscmathe)  CNSEATAS eh A
delivered Vs. 2018, pp Vs =13TeV: L 66 830 pb! 2460 pb! 27.4 pb’
inspected Vs. pp in-bunch pile-up (2015-2018) Ly O(30-40) He, O1) e < 0.02
recorded Iuminosity 2018, Pb-Pb JSNN =5.02 TeV : Lim ~ 1800 pb™ ~ 225 pb™! ~ 900 pb™!

Key = data taking strategy for physics at the event level (campaign planning + £ levelling) .
— Particle in its (QCD) context # physics ~independently of the event .20/ 32
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https://acc-stats.web.cern.ch/acc-stats/#lhc/overview-panel

1.3 — 2020 picture : after LHC runs [+Il, done Vs. tbd

(phenomena of interest) (particles of interest)

1. Initial state, its fundamental nature T K Kgg v pA=05
K°892) $(1020)
2. “hydrodynamization” / Equilibration:
AA-like signs at high Vs in small systems d

« Which mechanisms drive a (quantic QCD system) D° LN x
into a (high-T ~equilibrated medium) ?

heavy-flavour (u*e*)
« such an equilibration, possible in small systems ? B° B* B, ... Y(1S A
or are there elementary QCD mechanisms

that mimic, initiate the observed collectivity ?

jets
3. In-medium dynamics (low and high p.)

« hydrodynamics, already entered into precision era...

Colour conventions :
- in-medium energy loss, on the verge to do so

m : physics for large parts already explored

or in full swing
4. Hadronisation, processes to create hadrons, : tackled but further precision needed/expected
m : missing so far (limited by statistics

or detector capabilities)

* Underlined : with French contributions  -----.............
: - 21/32
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Part D — Run IlI,

pAYA 2021 2022 2023 2024
elalsbils s Tolslo sl lalsbs s s lolslo o1 blalsbs sl lolslo sl lalsd s Talslolslo sl sl s ollo

e - 1- 0

after LS2 (>2021)

2025 PAAS 2027 2028 2029 2030 2031
eholalsds s s olslo sl blalod sl s Tolslo st blalsds sl ofslo st blalots o1l lolslo sl lalst sl alslolslo sl lalst 1Tl olslo sl ol s

e B e B

LHC running plan



IV.1 — Run Il : LHC projects approved and on rail

TPC ALICE-PHO-SKE-2017-002

ALICE : major upgrade (1ITS2, MET, TPC GEM, ...
+ readout electronics uTrk, ulD)
« Continuous readout = MB (triggerless)
« low material budget, “maintained” y~0
« PID, maintained y~0
« tracking, improved (AxEff + space resol°) y~0 + fwd

CMS : config Run Il » Runs I+l

LHCb : major upgrade (SMOG?; Pixel VELO + UT = puStrips + DT = SciFi)
« Continuous readout + software trigger e
« SMOG? : Fixed Target higher luminosity i
([p,Pb]+noble gas = He, Ne, Ar, ... or light gas: H, N, O, ) '
« PID, “maintained”
« tracking, improved

p, (h) (GeV/<) |P]D |
0- 008-015-05- 1- 10- |Det.| <1 <2 fwd |pp, p-Pb Pb-Pb Pb-Pb
MB

y ‘ system

008 015 05 1 10 200 M st i 101-70% 0.5-0%
e > with L. ++
ATLAS instantaneous )
Underlined
CMS s
RANA[ -

J [
> 30% most central Pb-Pb 23732
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https://cds.cern.ch/record/2302924

Part E — Run IV, after LS3 (>2027)

pAYA 2021 2022 2023 2024 2025 PAAS 2027 2028 2029 2030 2031
el s aslolslo sle bl s lolsto sleblalsds s s olslo sl blalsds s lsTolslo sl blalodsls Tl oIl st lalods s ol olslo sf lalst sl alslolslo sl lals sl alslolslo sl sl s ol sl lalssls Laslolslo e blalsls [aslolslo e bdalss s s

v 0 EN EN EN| e B E BN BN

LHC running plan




V.1 — ALICE :i1s-3

&W M' :-O;lter Barrel

E =4 layers of ITS2 kept !
." .l\\, i ‘\I]

Cylindrical
Structural Shell

Half Barrels

Inner Barre Fig.7 Eol ITS3
| PT(ht) (GEV/C) |P]D | y system

0- 008-015-05- 1- 10- |Det.| <1 <2 fwd |pp,
0.08 0.15 0.5 1 10 200 M

p-Pb Pb-Pb Pb-Pb
fBighMuIt rn:ﬁMuh 101-70% 0.5-0%

ALICE
ATLAS
CMS
LHCb

Keys :
|r]| <20

O(15x15) pm?
ultra-low material budget
(0.05% x/X° per layer)

« improve track pointing resolution
(Heavy-flavour vertexing at low p.)

prompt/non-pr A, D’ = ...
+A,?An?

« strangeness tracker

Project milestones :

. Eol ALice-puBLIC-2018-013
. 2019 : LHCc blessing for R&D
. TDR by 2022
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https://cds.cern.ch/record/2644611
https://cds.cern.ch/record/2644611

=

— ALICE : Focal + Fixed target

Keys :
Vs, = 72-115 GeV, solid targets at z = +4.8m

: : e Ve N ) oy
 Auce@edTagey) RN N (bent crystal and solid target, target versatility)
ALICE (Collider) - NN B M De
i LHObFixed Targen | [ Wi Physics cases similar to SMOG2
u el.
LHCb (Collider) ] (QGP physics at Vs, between RHIC top energy and BES,

PHENIX (Collider)

STAR (Collider)

% =% = 0 2 4

Center-of-mass rapidity

F10 2®Pb reweighting

nhNPDF 90% CL

- EIC fit 90% CL

——— FOCAL refit 90% CL

Q=10 GeV?

high xin nPDF (x> 0.1), ...) but ++ bckwd y

Project milestones :
. ESPP CERN-PBC-Notes-2019-004
. Ongoing UA9 R&D + performance studies

Keys :
Si+W EmCal + Pb-Sci HCal, 3.2 <n<5.8 at z = +7m

o forward 1°, isolated y
« correlations forward Vs mid-y
« ultra-low x in nPDF

Project milestones :
. Lol arXiv:1708.05164 + CDR ALICE-PUBLIC-2019-005

— LHCc final review : June 2020
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https://arxiv.org/abs/1708.05164
http://cds.cern.ch/record/2696471/
https://cds.cern.ch/record/2671944

V.3 — CMS : tracker + MTD + HGCal

Keys :
In Run 4, after LS3, new CMS opportunities...

a) tracking on very large n coverage as well (|n| < 4)
CMS tracker, CERN-LHCC-2017-009

b) mid-y + fwd calorimetry (|n| < 3) : PbWo, EmCal + HGCal SiPM sampling
CMS HGCal, CERN-LHCC-2017-023

c) MTD = pile-up tagger + TOF ...
CMS MTD = “pile-up tagger’, Fig 1.5 + Fig 5.23 - TDR CERN-LHCC-2019-003

(LGAD in endcap or SiPM in barrel — o ~ 30 ps),

time stamp

« Jet, onia, open charm, long range correlations

Project milestones : all approved, towards production

| p; (F) (GeV/c) |PID | y | system )
0- 008-015-05- 1- 10- |Det.| <1 <2 fwd |pp, p-Pb  Pb-Pb  Pb-Pb
0.08 0.15 05 1 10 200 M st e 101-70% 0.5-0%

ALICE
ATLAS
CMS
LHCb

Fig 1.5 - TDR CERN-LHCC-2019-003
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https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2667167

V.2 — LHCb

: early Mighty Tracker

=

IRFU/DPhN QGP group ?

DT = SciFi + Mighty Tracker

————— W |
=
]

2
&
:

Keys :
Collider mode :  pp, pA, AA
+ (polarised) fixed target mode :

Run IV = SMOG2 — LHCspin

First elements (6 to 10) of the Mighty Tracker in DT
likely O(100x500) pm?* HV-CMOQOS pixels

« HF (¢,b, open/hiden, mesons/baryons)
« em probes (y, Drell-Yan py, ...)

« towards more and more central AA
=oyEEEs=

- Inner Tracker (LS3)

- Middle Tracker (LS4)

p, (h) (GeV/c) |pn) |

« FT LHCspin : nucleon-spin physics

e L [ 20em (Sivers asymm. between DY and SIDIS)

>
~54 cm (one Sci-Fi module) 20cm

Project milestones :
| system . Lol CERN-LHCb-INT-2019-007

0- 008-015-05- 1- 10- |Det.| <1 <2 fwd pp pr Pb-Pb  Pb-Pb

0.08 0.15 0.5 1 10 200

ALICE
ATLAS
CMS
LHCb

ghM ult thMk 101-70% 0.5-0%

. TDR Mighty-tracker by 2020-21
. TDR LHCspin ... ?

with L. ++

instantaneous

> 10% most central Pb-Pb e
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https://lphe.epfl.ch/tell1/SciFi_Upgrade_II/Mighty_Tracker.pdf

Conclusion



Conclusion : food for thoughts / discussion

To In2p3 :

« Feedback : what are the trends after Bad Honnef meeting in January ?
LHeC on the table ? Long-term = FCC-ee then FCC-hh ?

« Support strategy for HR by In2p3 in the coming 10 years (PhD, Post-doc, Permanent positions)

- Difference (+ or -) to be made between projects with/without hardware contributions ?

To In2p3 and to the audience :

« How to manage and steer the community ?
. top-down (“some sharp decisions from In2p3 direction” = “cut and focus”) ?
. bottom-up (“let the community get self-organised along the way”) ?
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Wrap—u P.1 ¢ campaigns in (LHC run [ll) + (HL-LHC run V)

019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

1 1 1 1 1 1 1 1 1 1 1
1 /\S()NDl,JFM/\MJ]/\S()V\DlJFM/\MJJ/\SL)NDlJFMAMJJ/\S()NDlJFM/\MJJ/\S()NDlJFM/\M,] ] /\S()NDlJFM/\M]J/\S()NDl,]FM/\MJJ /\S()NDl]FM/\MJJAS()NDlJFM/\MJ ] /\S()\lDljFMAij/\S()NDlJFM/\MJJ/\S N

1. Already very enthousiasming and rich programme in Runs I11+1V

2. We will know in ~June 2020 the favoured LHC running plan for Run Il
(“AA in 2022 ?”, “p-O as well as O-O pilot runs ??, “When p-Pb ?”)

3. Runs Il and, even more, the key Run 1V = channelled entry point for what to come next ?
e.g. . involved into ALICE ITS3 Run IV ? — tracker ANGHIE zRun V ?
. CMS HGCal ? ALICE FoCal Run IV ? — pre-shower calorimetry ANGHIE =Run V ?

. CEA’s interests for Heavy Flavours + e.m. probes at forward y, gradually moving to LHCb =Run V
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Wrap-up.2 : 2030 picture after runs ll[+IV, done Vs thd ?

(phenomena of interest)

1. Initial state, 1* grasp on its nature

2. Equilibration / “hydrodynamization”:
« Clearer picture with small system “scan”
(pp high mult + small campaigns p-O, O-O, Ar-Ar)

3. In-medium dynamics (low and high p.)
« low p_: hydrodynamics = precise view

. ultra-low pT (<0.1 GeV/c) in good part missing
. light (hyper-)nuclei still not fully explored

« in-medium energy loss :
clear progress will be made,
but wil they be decisive ?

4. Hadronisation, flavour by flavour
« Quite some view on the charm meson sector
« Charm baryons still with large uncharted territories

« Exploration started into beauty sector

(particles of interest)

T KK .. pAZ Q.
K°892) {(1020)

d t *He

(D° D* D** D)... 0. J/{ Xg, Y(2S) ... A
heavy-flavour (u*, e*)
... Y(15,2S5,35) ...

jets

Colour conventions :

m :investigations for large parts already explored
or in full swing
: tackled but further precision needed/expected
m : missing so far (limited by statistics
or detector capabilities)
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Appendices




Part A — Physics cases



l.. - HL-LHC QCD+QGP : for which physics cases ?

1. Measuring QGP temperature = f(time) [low mass e*e’]

2. Nature of phase transitions (deconfinement + chirality) :
Connecting to LQCD + asserting Hydrodynamics [ultra low p_]

3. Understanding in-medium energy loss [Jets shapes and structures]
4. Challenging the flavour dependence of collectivity [s,c,b]

5. Searching for “SM/BSM” [...]
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l.. - HL-LHC QC D+QG P :low mass (e*e’) as virtual y

1. QGP temperature = f(time) via thermal virtual photons (m__ € [0;2.5] GeV/¢)
high m__ =high T, i.e. early times

Fig. 54, YR WG5, arXiv:1812.06772

1

—

o
[1~]

¥ ET T T T

al__‘ E | T T T T | T T T T | T T T T | T T T T %

o E 3

= C Pb-Pb \5,,=55TeVv ——p ]

8 I 0-10% qa+a(@g .

: 10 ——— light-hadron decays w/o p|

‘Ug In|<08 ——— T —oe'e 3

S F p. >0.2GeVic bb — e'e’ ]

=2 e ——— PHSD Sum 1

3 1F :

= + .

- « Thermal e*e” signal

= N

 charm semi-leptonic decays

107
7 = dominant bckgnd
- 2
S form >1GeV/c
10° 7 \ ee
R. Rapp Acta Phys.Polon. B42 (2011) E/
1 e E/
- — M=05 GeV H .
gos_ -~ M=10 GeV (x40) SJ; = NB: d
2 — M=1.5 GeV (x400) 107 —— e —> SO, ver 00
= L ) p £ L1 ./1/|/|;| L1 | I ’ y g
q osf - 5 0 0.5 1 15 Mz Gov) 2;.)5 control needed
s eVic
S ol ° on charm = a must
{’30.2—
2
% 300
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https://arxiv.org/abs/1812.06772

| - HL-LHC QCD+QGP : low-p_ m*

If your *(ud) / K*(us) / p(uud) ... measurements start above 0.0, 0.1, 0.2 ... GeV/c,
how much (x%) of the total dN/dy in pp/in AA do you miss ?

For a given particle type of interest, can you claim a “precision measurement”
if you indeed miss x% of production ? — yes or no ? to be decided, case by case...

12[]:' T L LI UL

110 F I[IIII: I] -"I Iy} 0.5, ALICE IhIELI ,

100 g 10°
0F N

80F
70F
60
50 & 10"
40F
30 ?‘I“LW'T“'"S“‘\ 10 0051152253354
2[] ;_ Bylinkin fit

10F

IIII|IIII
op s =7 TeV

NB : ALICE pp 7 TeV arXiv:1504.0024
h* > 0.15 GeV/c — Missed cross-section ~15%
> 0.10 GeV/c — Missed cross-section ~10%

Production fraction ledt

o0 FOG LIANIE [ S2N0s BB

Production fraction left (%6)

FEFLSELSU

D; Hyp.mg:mm{:}-ﬂ.I:?EE?G&L{-’c” j
_10:_|||||||||||||||||||||||||||||||||||||||

-05 0 05 T 15 2 25 3 35
from this p_onwards (GeV/c)
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https://www.hepdata.net/record/ins1357424

l.a— HL-LHC QC D+QG P : the whole AA/pp jets machinery

« Charged-track jets (~ ALICE), calorimeter jets (~ ATLAS), calorimeters+charged tracks (~ CMS)
- Variations in Jet algorithms (Anti-k_, SIScone, Cambridge-Aachen,...)

« Variations in resolution parameter R (R € [0.1, 0.7])
« Control more or less complex of the event-by-event underlying event subtraction

— Jet (fragmentation, properties, shape) in the cone and nearby : N, dN_/dr, d*N_ /drdp_ ..

« Pb-Pb 5.02 TeV : ATLAS, arXiv:1805.05424, CMS, arxXiv:1803.00042
« Pb-Pb 2.76 TeV : ATLAS, arXiv:1702.00674, CMS, arXiv:1310.0878
« p-Pb5.02 TeV: ATLAS, arXiv:1706.02859, CMS, arXiv:1401.4433

— PID-tagged and recoiled jets
« ALICE, arXiv:1712.05603 :  (h* - jet) correlations, to put limit on jet quenching energy loss in p-Pb

+ ALICE arXiv:1608.07201 : (m° trigger — associated h*) correlation for /,, near-side and away-side

« ALICE, QM 18: D’-tagged jet

« LHCDb, arXiv:1701.05116 : J/y-tagged jets in pp 13 TeV, in-cone hadronic activity

« CMS, arxiv:1802.00707 : b-tagged dijets for p_(im)balance

o« CMS arXiv:1711.09738 : (isolated y - jet) azimuthal correlations

« CMS arXiv:1801.04895 (Pb-Pb 5.02 TeV) arXiv:1205.0206 (Pb-Pb 2.76 TeV) : (isolated y-jet) p, imbalance
« CMS, arXiv:1702.01060 : (Z°-jet) correlation, p_imbalance

— Jet mass and jet splitting (in-medium and in-vacuum parton shower) :
« ALICE, arXiv:1702.00804 : ~ charged-particle jet mass Pb-Pb p-Pb (without soft drop grooming)
+ CMS, arXiv:1708.09429 : splitting function with grooming technology . 38/32

« CMS, arXiv:1805.05145 : rooming for jet mass .
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Part C - ITS-3 = after LS3 (>2026, Run 4)

pAYA 2021 2022 2023 2024 2025 PAAS 2027 2028 2029 2030 2031
el s aslolslo sle bl s lolsto sleblalsds s s olslo sl blalsds s lsTolslo sl blalodsls Tl oIl st lalods s ol olslo sf lalst sl alslolslo sl lals sl alslolslo sl sl s ol sl lalssls Laslolslo e blalsls [aslolslo e bdalss s s

v 0 EN EN EN| e B E BN BN

LHC running plan




1l - ITS-3. key foreseen features, “closer + lighter”

Keys :

(1) - shrinked beam pipe (r, = 1.6 cm)

eam pipe

— inner most layer at r = 1.8 cm

(2) - reticle-size sensor (O[15x10 cm?])
+(3) - ultra-thin Si CMOS (<40-um thick)
— circuitry pushed to periphery (stitching), ~no extra services required
— can be curved
— homogeneous 0.05% X/X° per layer

(3) Silicon Genesis: 20 micron thick wafer

X-ray detector 13.9 x 12 cm? TowerJazz 0.18-um
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1l - ITS-3. skimming material budget of 1TS-2

0.8
Other
0.7 - B Water
E Carbon
Aluminum
= 0.6 -
Vv Em Kapton
IS Bl Glue
£ 057 Silicon
w0
< mean = 0.35 %
204+
by IL“ ‘ hj|
E : I
$03 |
g .
X 0.2 w w
U T T
0.1 | |
0.0 4 . , : : . |
0 10 20 30 40 50 60
Azimuthal angle [°] I
LHCc 2019-06 ALICE, M.Mager ITS3 Dy ETa
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https://indico.cern.ch/event/798319/

11l - ITS-3 : skimming ITS-2

0.8
Other
0.7 - B Carbon
Aluminum
B Kapton
0.6 1 =

Glue
Silicon = remove water cooling .

mean = 0.31 %

o
~
1

|

X/Xo [%] for tracks in |n] <1

0.3 | r
0.2
i 1

0.1 | |
0.0 4 . , : . . .

0 10 20 30 40 50 60

Azimuthal angle [°]
LHCc 2019-06 ALICE, M.Mager ITS3 DTYE
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https://indico.cern.ch/event/798319/

11l - ITS-3 : skimming ITS-2

0.8
I Carbon
0.7 - Bl Glue
Silicon

— mean =0.14 %

o
(=]
1

= remove water cooling 1

o
N
1

o
-
1

—_

X/Xo [%] for tracks in || <1

o
[\
]

o
L
1

= remove external data lines +
power distribution 2.

o
o

0.0 1 I I I I I
0 10 20 30 40 50 60

Azimuthal angle [ °]

LHCc 2019-06 ALICE, M.Mager ITS3 . 43/32
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I1l.. - ITS-3 : skimming ITS-2

0.8 = Si only 1/7th of total material
Inner-most layer (ITS2 Silicon : .
er-most layer (ITS2) o m'e'an 005 % = irregularities due to overlaps
0.7 1 ' + support/cooling
';' 0.6
T = remove water cooling
£ 05 = possible by reducing power
3 consumption in fiducial volume
S 0.4+ to <20 mW/cm2
S
£ 0.3+ = remove external data lines +
52 power distribution
X 0.2 = possible by making a single large
chip and that for distribution
0.1
= move mechanical support
0.0 outside acceptance
0 10 20 30 40 50 60 = henefit from increased stiffness by
Azimuthal angle [ °] rolling Si wafers
LHCc 2019-06 ALICE, M.Mager ITS3 44/32
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https://indico.cern.ch/event/798319/

11> - ITS-3 : synoptic table

3.9 cm 2.3cm 1.8 cm

<3 MHz < 50-100 kHz x>
> 300 ns (SPD) > 20-10 ps ~

*if CMOS with the 0.065-um technology, instead of the current (=1TS-2) 0.180-um A

T™M
<1 s*
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Tracking efficiency [%]

1l.s - ITS-3. why would you invest into it ?

Fig.12, Eol ITS-3, ALICE-PUBLIC-2018-013

100 — 10 7

=
= i
2 ",:'\.
E A
2 R\
2 1 W
s ““
g ﬁ-"‘._h
-IE' ]
4]
E
[=]
=

—— [T52 standalone ] —— |TS2 standalone

——- [TS24TPC | ——= |TS24TPC

—— [TS3 standalone — |TS3 standalone

——- [TS34TPC ——- ITS34TPC

D M T M L L L] N L N T nll M ML | L T M L] N N =T T T N T N - T
0.05 0.1 0.2 0.3 0.5 1 0.05 0.1 0.2 0.3 0.5 1 2 3 5 10 20 30
Transverse momentum [GeV/c] Transverse momentum [GeV/c]
Pb-Pb 0-10% s, = 5.5 TeV
(Fast MC tracking tool...) . 46/ 32
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https://cds.cern.ch/record/2644611

rg pointing resolution [um]

1l.s - ITS-3. why would you invest into it ?

103

102 4

101 -

ITS2 standalone
ITS24TPC

ITS2 standalone {full MC)
ITS3 standalone
ITS3+TPC

ITS3 standalone (full MC)

—— e ]

10° 1

0.05 0.1 0.2 0.3 05 1

Pb-Pb 0-10% Vs, = 5.5 TeV

Transverse momentum [GeV/c]

Fig.11, Eol ITS3, ALICE-PUBLIC-2018-013
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https://cds.cern.ch/record/2644611

Ill.2 — ITS-3 : 53 kCHF up to 2025

I I I I I I I I | o

I I I I I I I I I
2020 2021 2022 2023 2024 2025 2026 2027 2028
R&D ITS-3 | Construction1Ts-3  |[commis™ & op° 1T5-3| |
« Wafer thinning and bending Table 8: Project cost estimate breakdown (kCHF).
2019: contact industry 1 —
~ . qst .. . tem onstruction otal Cos
2019 2I) : 1 .r;.rototype witj ALPIDE chips + wafers — YT T p——
>2020 : specific prototype F— 00 500 ~ 287
. Pixel CMOS sensors 600 800 1400
» Development of stitched sensor Sensor test 100 150 250
2019-20 : technoIogy test structures Thinning & bending 200 300 500
2020-22 : prototyping chips Hybrid printed circuit 100 100 200
2022-23 : full-scale prototype + final chip Mechanics 150 350 500
Assembly & test 50 200 250
Installation & alignment 0 200 200
—> Tech. Design Report + Physics Perf = 2022 Air cooling 100 150 250
Services 0 100 100
o Construction :2024-25 ~ 3x2x2 sensors Patch panels 0 10 1
48/32

LHCc 2019-06 ALICE, M.Mager ITS3 .
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Part D — All-Si = after LS4 (>2031, Run 5)

pAYA 2021 2022 2023 2024 2025 PAAS 2027 2028 2029 2030 2031
el sl aslolslo sle by lslolsto sl blalsds s s olslo sl blalsds s lsTolslo sl blalodsls Tl Tolslo sl lalsds sl olslo o1 lalst sl alslolslo sl lalsd sl alslolslo sl sl s ol e lalsls Laslollo e lal s [aslolslo ble bl s 1

LS4




B.1 - ANGHIE . In2p3 prospectives, GT03 contribution

ITS-2 [3] ITS-3 [6] ANGHIE [8]

Période LHC Run III + IV (2021-29) |Run IV (2026-29) > Run V (>2030)
Nombres de couches 3+4 3(+4ITS-2) O(3+7)
Riube 1,82 cm 1,6 cm 1,6 ou 2,9
T/ 1a/ Nz... Nag(cm) 23/32/39..393 |1,8/2,4/3,0...393 1,8 /... = 100
Champ magnétique Bgengige 0,2 0u0,5T 0,20u05T 0,2al1T
Matiere par couche (x/Xy) 0,3%a08% 007%a08% 0,05 % a 0,5 %
Taille d’un pixel (um?) ~ 30 x 30 ~15x 15 (+ 30 x 30) ~10 x 10 (+ 30 x 30)
Résolution temporelle > 2-5 s 2-5 us <1ps
Résolution spatiale 5 um 5 um ~ 3-5um
Couverture en n nl<20a 1,3 | <2,0a 1,3 In| < 4,0
Epacting | p1(h*)=X GeVlc) 1 0,1 005 1 0,1 0,05 1 0,1 0,05

% 60% 10% | 98 % 75 % 20% | 98% 75% 20%
Coits totaux (R&D + Constr.) |~ 10 MCHF 5,3 MCHF ~ 80-100 MCHF
Nb d’instituts / Nb de pays 30/ 16 30/ 16 (>399 signataires)W
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SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

B.2 - ANGHIE : tracking efficiencies
At R = 1m (last layer)

Operation at reduced B field for tracking low p; particles

Pb-Pb (dN/dn = 2200), B = 0.2 Tesla dN/dn = 440, B=0.2 Tesla

R. Shahoyan - 2018

R. Shahoyan - 2018

100—: aﬁgsia"lp""....._.l ama!’".‘g!'." EE.._....:.I
ik J S n —-—electron 1, 2 +electron
Q : : : 2] H
. i — proton s . |~ proton 5
c g : pIpE-_ c 4 § by pipe = -
3 1. o[ P, =29em) g 1 Arar (in=t0 © Ryipo = 2.90m|.
540 -----Fb-l!b;(dmdq:mnp}.. ; £ g0 : : —pe — =
20_ ..E;MB_wsﬂm, mgmn_oosfo,s%, B—p|pe 5ooum | 1i5um, x"m.gm—“ 0’5*’“ 52%5'9{9&% 800um
10 sl EFt-{lfs1:32=r1,3~lal}{t:u‘=! 8,20,2540 55. Buwu; 1 | ;1323 33}[05320 25 an, 55 au 100) :
A | i T e | ; R i i i i i (O i
0.1 1 0.1 1
Transverse Momentum (GeVic) Transverse Momentum (GeVi/c)
Efficiency requiring that all particles reach the outermost layer at 1m (10 layers)
= optimization possible (e.g. using only layers up to 40cm)
= improvement for lower dN/dn Further layout optimization possible!
L. Musa (CERN) — 5QM, Bari, 10-15 June 2019 b 15
51/ 32
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https://indico.cern.ch/event/755366/contributions/3428151/

Momentum Resolution (%6}

SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

B.3 — ANGHIE : momentum resolution

At R = 1m (last layer)

Compared to ALICE in Run3, same performance at high p;, some improvement at very low p;

R. Shahoyan - 2018

|—=— electron

| pion

|—=— proton

| » BP@R=16cm

o BP @ R=2.9cm

0.1 i
Transverse Momentum (GeV/c)

Momentum Resolution (%)

B=05T

R. Shahoyan - 2018

o -gg [
Y . i
- Gy “f??filﬂ;“ .

0.1

Transverse Momentum (GeVic)

Momentum Resolution (%)

momentum resolution for 1GeV/c pions: =0.8% (1T), =1.6% (0.5T), =4% (0.2 T)

B=0.2T

R. Shahoyan - 2018

0.1 1 10
Transverse Momentum (GeV/c)
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SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

B.4 — ANGHIE : particle Identification

Electron and hadron ID with TOF

LGAD (Low Gain Avalanche Diode)

* Technology proposed for ATLAS and CMS LS3 upgrades (timing layer) —/—:_ndﬂ-
. i iati ' 14 _ 1015 2 ~pt

Developed for high radiation environment (10 1015 1MeV ngq/cm?) N, = 10M Bompgem p
* Currently low granularitl' O(1 mm?) | High E field &

S . «— D
: ; o Multiplication region
* Add a thin layer of doping to produce low controlled multiplication o+
e~

» Several vendors: Hammamatsu, FBK, CNN

0 ek Time resolution vs. neutron fluence of LGAD produced by
- T HPK with a thickness of 50um (50D) and 35um (35D
- H H
’g’ 50 a
"_E 40 . ¢ Resolution of 20-30ps demonstrated
g x . 8387
E 0 A oo Cost (CMS estimate) | 50 CHF/cm?2
10 D500 VHR
i M Can such a gain layer be implemented using CMOS? = large cost saving
1.E+13 1.E+14 1E+15 L.E+16 : ’
Neutron Fluence [n,,/cm’] = Single Photon Avalanche Diodes (SPADs)
L. Musa (CERN) = SQM, Bari, 10-15 June 2019 16
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SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

B.s — ANGHIE :ToF

Electron and hadron ID with TOF

TOF PID — few barrel layers instrumented with LGAD or high-granularity SPAD sensors

SPAD Sensors (Single Photon Avalanche Diode) ¥ arrays of avalanche
photodiodes reverse-biased above their breakdown voltage

SPAD detectors of recent generation feature a time jitter of tens of picoseconds

Number of layers will depend on time resolution and spatial fill factor achieved
in the single layer

C. Lippmann - 2018

TTT T T T T

L=1.0

d ]

Ideal track length and p measurement for 3 scenarios E :_ E
(10ps, 20ps, 30ps) are show in figure %; SE 3
For o1or = 20ps § of =
5 st .

* e/n (40) separation < 650 MeV/c gm Bt =
(73] F 7

3N N 3

1 /K (3c) separation < 2.6 GeV/c S, "ol
* K/p (30) separation < 4.2 GeV/c E
0 3 3.5 4 45 5

momentum (GeV/c)

L. Musa (CERN) = SQM, Bari, 10-15 June 2019 17

Antonin.MAIRE@cern.ch — IPHC Strasbourg / In2p3 Prospectives GT03 2020


https://indico.cern.ch/event/755366/contributions/3428151/

SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

B.s — ANGHIE : electron pre-shower, PSD...

Electron ID with Pixel Shower Detector

Shower Detector (3 X) based on high-granularity X, (Pb) = 0.56 cm  Pixel Shower Detector
digital calorimetry (CMQOS pixel sensors)

= g o PSD
= great potential to identify electrons down to few S = -
sreatp Hyeect e q KB .
hundred MeV by detailed imaging of the initial 4 = S
shower (particle counting, geometry) & -
1sx e oSt
Work in progress — A first look
with 3 layers . -
electrons R. Shahoyan - 2018 02 ! . :V | | R :Shahovar? 2018
@ g1 ! ! g ! 3
‘& | |*2zaGav b i, 0.18
g 15_:"'-'-16&\:' : : 016—: [ |—e.05Gev .on 058GV
o ] : T
3 143 = 05 GaV 0.14 | 10GEY ee e 10 GV
=2 ] —— ]
5 12_:_.ﬂ 0'12__ Tl—e-,20GeV  ---n-, 2.0 GeV
£ 5 | ]
Z 10 i RE
e R o
1 | o : | & I! ;! - R e B e e e e e et
0 0.5 1 15 2 25 3 a5 4 4.5 0 5 10 15 20 25 30
Figure 1 converter (crn) Figure 2 MHits(1.5em)+NHits(2. 5cm)+NHits(3.cm)
e—fraction below N (e-loss) —cce-ee n — fraction above N (contam.)
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C.1 — CMS . LHC alternative options possibly on the table

In Run 4+5, after LS3, beware CMS opportunities... e it PR Do T

\
. . 3
Simulation 18 '

Hydjet

a) tracking on very large n coverage as well (| < 4) il <15

CMS tracker, CERN-LHCC-2017-009
b) unique calorimetry (Pbwo, EmCal + HGCal SiPM sampling)
CMS HGCal, CERN-LHCC-2017-023

c) MTD = pile-up tagger + TOF ... 2]

10?

1/B

CMS MTD = “pile-up tagger’, Fig 1.5 + Fig 5.23 - TDR CERN-LHCC-2019-003 :
(LGAD in endcap or SiPM in barrel — o ~ 30 ps), T

time stamp

T B |
3

\
NB : all this, really expensive (quite more than the All-Si exp...), Rile
but ~funded already (112 MCHF tracker, 67 MCHF HGCal, 21 MCHF MTD, DAQ 12 MCHF ...) ,,CMS Phase-2 PbPb (5.5 TeV)
U R I
l . Simulation 18 3
. 113 99 1.8 Hydjet
— Could all this be ~bearable (?) for “low-p.” purpose ? g
15—

m>16 3
(/) in any (?) or at least low pile-up condition (NB: TOF in Pb-Pb = ok !) : o
(i) preferentially with moderate B field, :
(iii) given material budget in the tracker o

(phase-2 ~ 30-40% X/X" as currently at |n| < 1+ improved at |n| > 1.5. See Fig 6.2 +12.1) 1.1%

1/B

— Decisive but open questions : :
- influence of pile-up (pp) / running time in low pile-up at the end of fill (?) N N R S
- running with (B field < 3.8 T) Vs max. number of hysteresis cycles authorised for the solenoid ? p [GeV
Not really the pb, = rather reconstruction software to be recommisionned + HCal meant to work in B field (?) R s
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Matthew Nguyen, QGP France prospectives 2019

C.o - CMS :s3 upgrades

Trigger / HLT / DAQ

Phase ” upgrades Track info. in L1

L1/HLT rate x7.5
DAQ: 6 — 60 GB/s

. v B New silicon tracker
Improved granularity
/ Lighter material budget

Inl<24 —Inl<4

R e = iH=

=i | il __ New endcap calorimeters (HGCal)
e _ - — Unprecedented granularity
1 Inl <3
" g 1

\ New MIP Timing Detector (MTD)

Inl <3

Precision timing

Inl<24 —Inl<2.8 - high complementarity with ALICE/LHCb : 57/32 ......
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Matthew Nguyen, QGP France prospectives 2019

C.3 — CMS : LS3 tracker characteristics

Tracker upgrade

§; 1.6 msggﬂllrache.r [ [T é" 1.6
I rmae T ecang vhore

i - i O Loy smren 1.2

1

0.6

0.4
0.2

| T 141

0.8

Phasze-2 Tracker

M Srmasation

Reduced material

[ [rme—
|l 3 improved tracki

PR o

[ [—

%

| L L b |
% 05 1 15 2 25 3 3.5|1
n

05 1

1 1 R
15§ 2 25 3 35 4
Inl

... as evidenced
by the improved
separation of
nearby tracks

|

CMS Simulation CMS Simulation
iy T T T 'E T T
=3 Simulated muons G Simulated muons
- p, =10 GV — p, = 10 GaV
a -
a # Phase-1 tracker L= * Phase-1 fracker
"5" «  Phase-2 tracket L= & Phase-2 racker
o107
107 [
Y i
B e ISR TR s E AECISHAR] RSO ot
.H} sha b
L"I. * i L
™, A e ~
i 4 s, N mp gttt s
ll %l da.
102 e 10 A e
' atat ' et
IR PP TR |V T P N el N PN INPPPY PR
4 -3 -2 -1 0 1 2 3 4 <4 3 -2-10 1 2 3 4
Simulated trackn Simulated trackn

budget by up to 2x
ng efficiency in AA

CMES Simulation

1
a s J
= 0.8 4
= T |
o F g ]
o s
£ 06
&
F o4
& Phiagss-1 iracker
« Phase-2 wacker
0.2
QCcD jeta, mo FU
STﬂl'dnlrdﬂ.ST!\'
D. bl
107 107 1
AR

Improved pr resolution by about 25%
- Improved mass resolution for resonances

----------------------------------- : _~ Impact parameter resolution improved by 40%
- Improved heavy flavor measurements
(B/D hadrons & b/c-jet tagging)
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C.a-CMS: M

TD aging

Fig B.10 - TDR CERN-LHCC-2019-003

—
o
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—
.
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Time Resolution [ps]
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[ ]
=

TP design {4xd mm? SiPMs)
} - Bar dﬂﬁign-single read-oul f Tile dcsig’u. ; R
s Bar design: double read-out
i == Damage not recoverable at AT

=]
=
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Figure B.10: Expected time resolution as a function of integrated luminosity for the TP refer-
ence design (orange); the TDR bar design from single-ended and tile design (light blue); the
TDR reference design with crystal bars combining double-ended readout (blue); and the TDR
reference design assuming all damage recoverable at room temperature (RT) is annealed. The

bands show the expected performance for different sets of SiPM parameters.
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D.1 — LHCD : LHC alternative options possibly on the table

In Run 5, beware LHCb opportunities...
LHCb, Eol upgrade LS4, arXiv:1808.08865

a) Profiting from boost for forward geometry,
— LHCDb will remain a serial heavy-flavour tagger...
Sitting forward makes life easier than at mid-rapidity in that respect

b) Readout/tracking/PID capabilities likely to work by then
in all systems (pp, p-O, Ar-Ar, Xe-Xe, ...)
and under any event activity (Pb-Pb 0-5%)...
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https://arxiv.org/abs/1808.08865

Javier Castillo, QGP France prospectives 2019

D.i. - LHCb : gradual upgrades for Run IV and Run V

9fb! 4 Goal: 50 fb! > % Goal: 300 fb! —y
Run1 Ls1 Run 2 Ls2 Run 3 Ls3 Run 4 LS4 RunsS LSS Run 6
2010 2011 2012|2013 2014|2015 2016 2017 2018|2019 2020|2021 2022 2023|2024 2025|2026 2027 2028 202920302031 2032 2033 /2034|2035 2036 2037

Y
v

Upgrade | Upgrade Ib Upgrade Il

Inner/Middle/
Outer Tracker
SciFi & CMQOS

Magnet Side

Stations

Tungsten
ECAL

Timing /

PID -
TORCH resolution poessessnesiaaaas

& Timing
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