Future directions for precision studies
of the QCD phase diagram

d Large community: about 150 physicists (>2500 worldwide)
d Several meetings (joint theory+experiment) were held

d Good occasion for a constructive discussion inside our community,
between theory and experiment
- single out the most promising directions for our field
- Decision to prepare a “white paper” to analyze the expected
developments in the next decade and the role of
the INFN community (editors: A. Dainese, E. Scomparin, G. Usai)

- February 15, 2016 - arXiv submission ( )
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http://arxiv.org/abs/1602.0420

Precision studies of the QCD
phase diagram

Study of the Study of the
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High-energy frontier: status

O Quantitative studies of QGP features > PbPb collisions LHC runl

0 Average temperature (photons) T = (297 + 12 £ 41) MeV ~ 1.4 X Truic
O Energy density (E;) ¢ = 15 GeV/fm3 ~ 3 X expyic

Q Lifetime (femto) t ~ 10 fm/c ~ 1.4 X 7 gyic - ok 0
a Volume (femto) V~5000 fm3 ~ 2 X Vpyic | 3,714 182226 3.0Gevm

Q Viscosity/entropy (flow) n/s — 1/4r (ideal fluid) : | - f
O Transport coefficient g : 35% uncertainty e o |

d Highlights/unexpected observations 1620 30 4050 80 70 80 0 1o

Q cc re-combination to form J/y in the QGP
O Collective effects observed in small systems (p-Pb, high mult. pp)

ATLAS 0.5<p2"<5.0 GeV
\s=13 TeV

Inclusive J/y — p4, Pb-Pb ys, = 2.76 TeV and Au-Au {5, = 0.2 TeV

L B ALICE (arXiv:1311.0214), 2.5<)<4, O<pT<8 GeV/c global syst.= £ 15%

1 PHENIX (PRC 84(2011) 054912), 1.2<[y|<2.2, p_r:-o GeVic global syst.= +9.2%
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High-energy frontier: prospects

run3 — run4: High-precision measurements, detailed QGP characterization

O ALICE: collect Ly, ~ 10L,_, (factor 100 min. bias!) with a strongly
upgraded apparatus (new ITS, r/o TOF, MUON, ZDC)
d ATLAS, CMS, LHCb participate in ion runs

d ALICE main physics goals
d Compare transport parameters for heavy quarks with first-principle
theory (lattice-QCD)
d Complete characterization of jet shapes, tagged jets (Z+jet,...)
d Investigate regeneration processes in QGP (J/y flow, y(25))
d Light nuclei/antinuclei/hypernuclei

T 4 8EALICE Upgrade Pb-Pb,\[s,,, = 5.5 TeV
Le =10 nb", centrality 0-10%

on heavy quarks
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Critical point/onset of deconfinement

O Various facilities can in principle investigate the high ug region
of the QCD phase diagram

L e 0 High interaction rates (>1 MHz)
I SPS can be reached at the CERN SPS

e BECHAGGM (Vs = 4.5 - 17.3 GeV)
. d Forthcoming FAIR facility at GSI.:
complementary region

Hadron Gas %, W& Vs = 2-4.5 GeV (possibly too limited
for onset of deconfinement)
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Nuc.ea: el QO Collider facilities (NICA, RHIC):

0 . interaction rates lower by

500 1000 2-3 order of magnitudes
Baryon chemical potential, ug (MeV)

Most promising direction for a new INFN initiative with high scientific impact,
to take place in the next decade

NA60+ > Study of the dimuon spectrum via a beam energy

scan with a dedicated experimental set-up at the CERN SPS
(follow-up of the NA60 experiment, 2002/2003, with p and In beams)




NA60+: physics observables

d Chiral symmetry restoration

A Chiral symmetry responsible for the
largest fraction of hadron masses

Q (gqq) —» 0 at phase transition

d Vector and axial-vector mesons
degenerate (mixing p-a;)
- dropping mass or melting scenarios

A DD threshold enhancement

Spectral function
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Experimental set-up, performance

0 Detector concept

0 Muon spectrometer

160190 am (tracking detectors (GEM?),
trigger stations, toroidal magnet)

0 Vertex spectrometer
(5 planes of hybrid or monolithic
pixel sensors, dipole field)

Goal ~10 MeV
a Factor 100 statistics wrt NA60

d p and a; modifications in medium ———, e Tre—
2 p — uy, @ —> pu (1.1<m <1.5 GeV) N 0:5% oentral colksions
d Measure T of thermal dimuons (few MeV unc.) f
= pu continuum (1.5<m <2.5 GeV)
d Charmonium suppression
- ~104 J/y for each incident energy
0 D-mesons
- hadronic and semi-leptonic decays

Tag the onset of deconfinement and el L e SR
investigate chiral symmetry restoration ' ' .




Longer-term interesting opportunities

d FCC (2035_2040) Quantity PP Pb-Pb p—Pb
Beam energy [TeV /A] 50 19.5 50/19.5
Venn [TeV] 100 39 63

sl 56x 107 7.3 1192

d Design studies

include heavy-ions
(see e.g. NPA931(2014)1163)

~ G s 9 _
L‘pcnk [1”“ cin TS _
Lint,run [nb™"] 83 1784

Q wrt LHC
O Increase energy density by a factor ~2
O Thermalization time much smaller than at LHC 5T, ~ 800 MeV
O Secondary charm production sizeable and very senstitive to T,
d New rare hard probes (boosted top quarks...)

O Fixed target collisions with LHC beams - AFTER experiment (timeline

under definition, after run-4)
(Phys. Rept. 522 (2013)239)

d Use bent crystals to extract the halo of the LHC beam
- UA9, LUA9 (CERN-LHCC-2011-007)

Q QCD- and QGP-related studies at Vs=115 GeV (pp), Vsyy =72 GeV (PbPb)
O Detailed studies of the target fragmentation region (x — -1) in pPb

O Spin physics with polarized targets

O Eol under preparation 8



Conclusions

Two directions for the study of the QCD phase diagram in the next decade

0 High-energy experiments (already approved program!)
d Upgrade of the ALICE detector (ITS, MUON, TOF and ZDC)
d Collect/analyze data from run3 (2021-2023), run-4 (2026-2029)
d Decisive improvements on quarkonium/HF studies
A Contribution of ATLAS/CMS/LHCb important on these topics

d Low-energy experiments (WhatNext!)
d New fixed-target experiment at SPS (NA60+)
d Study onset of deconfinement/chiral symmetry/critical point
O Discussions ongoing to form an international collaboration
in view of a Letter of Intent (by 2018)

d Other medium-long term options followed with interest (AFTER,FCC)

d Interactions/Collaborations between the Italian experimental and theory
community are very fruitful and must be further strengthened

Outcome of WhatNext discussions = see arXiv:1602.04120







ALICE upgrades for run3-run4

d Major upgrade of the

Inner Tracking system
d New Muon Forward Tracker
d New read-out chambers for TPC
d R/O upgrade of MUON, TOF, ZDC
Q New integrated O2 system

Improve track reco performance
Event R/O rate to 50 kHz Pb-Pb

Run3-Run4: collect L;.
4~10L,
(factor 100 min. bias!)
with a significantly
upgraded ALICE apparatus

11



Global properties: LHC vs RHIC

EB9527,3.3, 38,43 GeV
NA4B 8.7, 12,5, 17.3 GeV
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Jet production

d Jet production in Pb-Pb is suppressed at LHC energy
d Study how the energy lost in the QGP by fast partons is re-distributed
inside/outside the jet cone - constrain energy loss mechanism

Ch. particles

, | ALICE ALICE Ch. Jets R=0.3
(0-10%)/(50-80%) (0-10%)/(50-80%)

CMS ATLAS Calo Jets R=0.3
(0-5%)/(50-90%) (0-10%)/(60-80%)

hieieelistvheisisiole el isiieialeisls Hetshiets it ieiisleieisleints n
Pb-Pb \."SNN=2.76 TeV

o TGMS PoPE, (S o276 TeV ]
10 ' TLdt=150 ub™

p;[ack’ pjft (GGV/ C) : anti-k, jets: R = 0.3 -

A Little change at small r, high p; _ ) _
O Narrowing/depletion at intermediate r, pT i Pl > 100 GeVie

- 0-3 ]et 2
O Broadening/excess at large r, low p+ pua; ':1 (:V,c .
1 ITI | 1 1 1 1 | 1
0.2 0.3
r




Jet production

d Run 3-4
d Investigate in detail
d Tagged jets (Z+jet, photon-jet, HF-jets)
d Complete characterization of final state
d Jet-track correlation in-cone and out-of-cone
Q Jet shapes
150 pb” (PoPb 2.76 TeV), 35 nb” (pPb 5.02 TeV)
O On ALICE side CMS Preliminary
> push HF jets to low py oot . DataPYTHIA 22
(thanks to high-precision tracking) e sy Uncortainy
- hadrochemistry studies —
(thanks to refined precision)

"
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Dilepton production

d E.M. probes - not sensitive to final state
a Chiral symmetry restoration and hadron masses
d Temperature of the emitting medium

PbPb @\ /s, = 5.5 TeV sum
: Rapp In-medium SF
0 - 10%, 2.5E9 events Rapp QGP
™ 1y |<0.84 — cocktall wio p [+ 10%)
@ —_—
o pS > 0.2 Gevre et — o (+ 20%)
0.0<p <3.0 —4— 2.5E8 'measured’
T e T Syst. efr. bkg. (* 0.25%)

Au + Au |s,, =200 GeV (MinBias)
p7>0.2 GeVie, i<t ly_l<i <« RH IC

Sum
—— Cocktail
HG_medium (Rapp)
— - - QGP (Rapp)

Rapp

>
o
=
]
3
=
=
2
=

g:z LHC run 3 N
2 prospects g gl
(ALICE) ' " M (Gev/ch

d Good agreement between theory calculations and SPS (NA60)
and RHIC (PHENIX+STAR) results

d No LHC run-1 (and possibly) run-2 results

d Goal @run-3: measure T with 10% stat (20% syst.) uncertainties 15



Bulk hadron production

%107 I f
U Increase of strangeness
P - e R production from pp to Pb-Pb
(SPS, RHIC)

O LHC run-1
- Observe increase also in
high-mult. p-Pb events

ALICE

T von Mk Evt Gl {Pooke) - Recently observed also in pp

- [*]pp (INEL) 1s = 900 GeV I . I . . |
MC productions - pp 1s=7TeV [+]pp (INEL) 15 =7 TeV VS mu tl p ICIty .

— Pythiag-Perugia2011-NoCR E| Pb-Pb \ 5y, = 2.76 TeV
—— Pythia6-Perugia2011-WithCR ] Preliminary pp 15 =7 TeV
—— Pythia8-Monash-WithCR — VOM Mult. Evt. Classes

d Saturation to grand-canonical
10° value of the ratio for
(AN /), o5 intermediate size systems ?

-

10 10°

d run2 - run-3
O Large increase of statistics > multiplicity classes overlapping
between p-Pb and Pb-Pb. Do ratios saturate at the same value ?

Q Also: freeze-out QGP temperatures different for u/d vs s ?
Lattice predicts earlier freeze-out (higher T) for s quark

- reflected in particle ratios "



III

Collective effects in "small” systems

d Two-particle angular correlations (An,A¢) give evidence of collective
behavior (also) in high multiplicity pp and p-Pb interactions

rec rec Tirig AN PPb sy = 5.02 TeV
N =220 ( Nep =220 < Prossoc < ! ) - (60-100%)

) ‘ \\\\ \\\\}&\

\\\‘3"/

O

arXiv:1409.1797

A First observed in A-A, attributed to QGP formation with collective flow
d Hot expanding medium formed also in more elementary collisions?
d No appreciable effect on jets and hard probes
d Two explanations for correlations in light systems
A initial state local partonic interactions
d Hydrodynamic flow due to local anisotropies in the final state

d Run 3
O ALICE extends An range, studies 2-particle correlation with HQ 45
(collective effects should depend on quark mass in hydro scenario)
d Lighter ion-ion or p-lighter ion collisions



Nuclei, hypernuclei, exotic hadrons

Expected yields in ALICE for 10 nb-1
Copious production!

Pb-Pb, \s\, = 5.5 TeV
Centrality 0-10 %

Integrated luminosity : 10 nb™

/ 4 MeV/c?

State dN /dy R. | (Ace. x€) Yield

]
c
Q
o

d (TPC) 5 %1072 67 3.00% 10%

d (TPC+TOF) 5 %102 2, 1 26 108
“He (TOF) 3.5%107 7T 2.16x 109
1%x10~7 26 1.46x103

0.25 15 3.11x104

0.50 18 1.06x 102

0.54 . 9.40x 101

0.35 A7 1.44%107

0.064 .04 9.51x104

5.0x1072 | 0.41 0 6.00x 107

2< p; < 10 GeV/c
ﬁH — *He + 7

1
£96 2.98 3 3.02 3.04 3.06
Invariant Mass(*He, 7) (GeV/c?)

O Nuclei-antinuclei .
0 Precision test of CPT - difference in the interaction of N and N

d Production model: spectator fragmentation vs coalescence
O Run-1 = behavior governed by chemical freeze-out + hydro expansion

d Hyperons: weakly bound, sensitive to final stages of the collision
d Investigate strong interaction of strange hadrons
- implications for description of dense matter (collapsed stellar core)
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Quarkonia (charmonium)

Q LHC run-1 discovery
J/v suppression less strong than at RHIC
less strong at low p;

Evidence for recombination
of charm quarks in the QGP!

U

Inclusive Jiy — p*p”, Pb-Pb VTNN = 2.76 TeV and Au-Au \'TNN =0.2TeV
M ALICE (arXiv:1311.0214), 2.5<y<4, 0<p <8 GeV/c global syst.= + 15%

[ PHENIX (PRC 84(2011) 054912), 1.2<[y|<22, p, >0 GeV/c  global syst.= =8.2%

150 200 250 300 350 400
(N .0

part

A Main prospects for run 3-4
- High-statistics measurements of J/y flow
and y(2S) state (not possible up to now)
A Discriminate between regeneration
models > charmonia regeneration/dissociation
in the QGP or at hadronization?




Quarkonia (bottomonium)

High-temperature QGP
formed at LHC energy

Q LHC run-1 discovery
d Sequential suppression of the Y states

Is =276 TeV PbPb 166 ub™ | Sy = 2.76 TeV
llr‘r'lll\\ll

CMS % 1800; CMS

Preliminary Preliminary

Cent. 0-100%
ly|<2.4 lyl|<2.4
I
p‘T‘ >3.5 GeV/c p:‘ > 3.5 GeVic
p:’i > 4.0 GeV/c E pi > 4.0 GeV/c

Events / ( 0.1 GeV/c? )

Strickland et al.,
Preliminary P

O Main prospects
d Increase significantly the statistics for the

less bound states (2S,3S) :
Q Go differential in py, y and centrality Bl

.....
UL B D e PR P SR



Open charm/beauty

ALICE
10% Pb-Pb, {5 = 2.76 TeV _
Average D°, D, D** |y|<0.5 777 Eﬁﬂ%ﬁ!f‘%&css
: O with pp p, -extrap. reference WHDG rad-+coll

LO(MNR) with EPS09 shad.

15 20 25 30 35 40
p; (GeV/c)

A LHC run 1: first accurate study of Ry,
and v, for charm

- Still problematic for theory to
reproduce BOTH observables

A Clear indication for a quark mass
dependence of partonic energy loss

» ALICE D°,D", D** average ?ﬁO%. Pb-Pb
[]Syst. from data Sy = 2.76 TeV
[1Syst. from B feed-down

WHDG rad+coll
—  POWLANG in-medium had.
. MC@sHQ+EPOS
Cao, Qin, Bass . BAMPS el.
AMU elastic » BAMPS el.+rad.

6 8 10 12 14 16
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Open charm/beauty

ALICE, arXiv:1506.06604, CMS-PAS-HIN12-014
d Open HF:
flavor dependence
of energy loss of
hard partons in S
the QGP

Pb-Pb\js,, =5.5TeV
Ly = 10 nk’", centrality 0-10%

D’ Kn*
Non-prompt J/w— e'e’ |

Q Run 3-4:
quantitative
description

25 30
p; (GeVic)

250 300 33‘." FH:IHJ
upgrade TDR ITS, JPG41(2014)087002
d Beauty (plot) and charm transport
coefficients > Measurements at low p;
to compare with theory

e e A i

K |:L-]t"\".£."|'lll:|

d Complementary to ATLAS/CMS
- HF hadrons and jets at high p+

O Theory: lattice calculation of transport coefficients only available at low p+
O Accuracy of the low p; data still limited up to now



Strange charmed mesons

d Comparison strange vs non-strange mesons hardly possible now

ALICE, arXiv:1509.07287 upgrade TDR ITS, JPG41(2014)087002

0-10% Pb-Pb, {/5,,, = 2.76 TeV
T 1 8E-ALICE Upgrade Pb-Pb,\/s\ = 5.5 TeV
+ L, = 10 nb", centrality 0-10%

Average D°, ¥, D** | |y|<0.5
with ;-T-e:-:_tra;u) lated pp reference

DI, IyI<05

15 20 25 30 35 40
P, (GeV/c)

Q Prediction of an enhancement of Dg/D
- Coalescence mechanism in a medium rich of s quarks

O To be tested with ALICE upgrade



HI-related facilities

RHIC

- t
RHIC P
(BES II)

102 10° 10
Centre-of-mass energy (GeV)
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Constraining Eq. of State with RHIC/LHC Data (MADAI Collab.)
S I e I L
Lattice: Hot QGD / BW

upperllower ranges (arxi; 44

o
(A

o
P

CONSTRAINED -
BY DATA 1

(speed of sound squared)

2
=

UNCONSTRAINED 7

150 200 250 300 150 200 250 300 350
T (MeV)

Figure 6: Studies of the QCD equation of state from Lattice QCD calculations and from models
constrained by data from RHIC and the LHC [80]. The right panel shows that data prefer an
equation of state consistent with lattice QCD demonstrating that our model of the collision
dynamics is good enough to allow us to study the emergent properties of QCD.




Chiral symmetry

. Vit—>2nmv]
Af—=>02n+1)n V]

— p(770) + cont.

— a( 1260) + cont.

>
0
e
3
@
E

d Contribution to quark masses from chiral symmetry breaking
is dominant for light quarks/hadrons
d Chiral symmetry removes degeneracy in the low-mass meson

spectral function
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Approach chiral symmetry restoration

Continuum NN
N=16
A\Y =12
N,=10
N,=8

(‘7‘1>( r)/ (‘7‘1>0

100 120 140 160 180 200 220
T [MeV]

Evolution of chiral condensate
with T at ug=0

>
©
=
o
~N
—
©
Q
=
2
=z
©

In-In SemiCentral Rapp/Wambach
Brown/Rho
all p_

Vacuum p

cockt. p (dashed)
DD (dashed)

NA60O
p-meson modifications

\

Broadening with no mass shift
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Liquid-gas phase transition
of nuclear matter

O Aladin Caloric Curve

B “Kr+%Nb (NSCL—MSU)

® °Ca+*"Sc, 40 AMeV (LNS)

K PNb, 'S +%2Nb, 1S h 35AMEY

10 15
<Eo>/<As> (MeV)
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NA60: from hadronic
to partonic emission

dN,,/dn>30 NAGO In-In 1 NAB0 In-In

| dN/dp>30 Cjmuons
0.2<M<0.4 GeV ] Y MR
_~® LMR, wio DY
0.6<M<0.9 GeV ] . ® IMR, wio DY

¢

1.0<M<1.4 GeV ' ® hadrons {m, . p, ©.$) [
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0 Rise of T at low masses > dominated by late p flow
d Drop at large masses 2> production dominated by a process of
partonic origin (no time to build-up flow9




Options for Si tracker

NA60 plxel plane based on ALICE hybrids

» Baseline option from NAGBO experience:
detector based on hybrid pixels

o Pitch 40-50 um

o pixel station material budget = 0.5-1% X

» New monolithic pixels: a break-through for high luminosity experiments might be
almost within reach (interaction rates > 500 kHz)

» New very innovative technology: New ALICE ITS
o Deep pwell implant allows complex in-pixel analog/

digital front-end

Common strobe issued to matrix pixels

Address-encoder to readout only hit pixels

NWELL NMOS oS
DIODE TRANSISTOR f TRANSISTOR

L J U L PHRELL V/ l NWELL




NA60 vs NA60+

dN/dM per 10 MeV

opposite-sign pairs

fake maltches - - - -

signal pairs

1] ool

No centrality selection

combinatonal background i

In-In NAG0O

S5=4.4-10°
<S/B>=1/7
dN_, /dn=140
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Thermal dimuons — QGP vs hadronic

LRALLL B

Pb-Pb 20/40 GeV NA60+
0-5% central collisions

v lotal uu excess
- Rapp total excess 40 AGeV

w Hadronic uu excess
- Rapp hadromc excess 20/40 AGeV

1 |

0.2 04 06 08 1 12 1.4 16 18 22
M[GeVic ]

- NA60+ Pb-Pb 40 GeV

~ 0-5% central collisions

: J i . from hadronic radiation (in medium pro+4n)
@

T'" from QGP radiation

|-} : from hadronic+QGP radiation

d Evolution of T vs M - drop related to deconfined matter




J/y and \V(ZS) suppression

I T — T T T T T . 001 — — I I B e
Pb Pb { TTA C:c‘.“v ) * Nuc. Abs. . Pl\ Pl\ 877 A (:c\’ - Nuc. Abs. |
n Opu=4-4mb for Iy, % .7.9mb for y’ - ::1?:"21:'( A O, =4+4mb for Jy, 3 .7.9mb for y’ — Rate-Eq. i
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NA60+: SWAT analysis

Internal

External

Strengths

Weaknesses

Opportunities

Threats

Dilepton physics: strong
Italian leadership

(experimental) in the
international community

Experience from NAGO

experiment: led by italian
teams (Cagliari, Torino)

Expertise on pixel
detectors (hybrids and
MAPS)

Available man-power in
the short-time range

Unigue measurement of
thermal radiation: chiral
symmetry restoration,

onset of deconfinement

SPS: existing facility —
unigue in years to come
to explore the QCD phase
diagram

NAGO+ detector concept:
already proven very
succesfully (NAGQ)

Focused experiment:

relatively low cost (15-20
Meuro)

Small collaboration
required (50-100 people)




Decisive parameters for data quality

Luminosity

e
Effective Luminosity \
A

Signal/Background ratio —>  Overall precision

Interaction Rates |, (Luminosity x U-nt)

- Fixed target (SPS, SIS100/300):  106-107/s (NAG0 5x105)
- Colliders (LHC upgrade): 5x10%/s

Signal/Background ratio S/B (B - combinatorial background)

- range of B/S for different experiments: 20-1000 —> B/S>>1
- effective signal size: S_s™ I xS/B reduction by factors of 20-1000 !

Overall precision
- systematics due to S/B: 8S_./S_. = 6B/B x B/S 6B/B=2..5x10"




Combinatorial background/signal in dilepton
experiments

Reference: hadron cocktail at masses of 0.5-0.6 GeV

Experiment Centrality Lepton B/S B/S
flavor as meas. rescaled to
or simul. dN_,/dy=300

HADES-SIS100 semicentr efe

CERES DR semicentr

CERES SR/TPC central

PHENIX with HBD central

PHENIX w/o HBD central ) 1300
STAR central

ALICE Upg ITS central

CBM-SIS100 central

CBM-SIS300 central

NAGOD {inin) semicentr
NAGO+ central P
CBM-SIS300 central TRy

data / simulations




BEAM EXTRACTION : THE PARASITIC MODE

standard collimation crystal-based collimation (ideally)

beam halo

secondaries channelmg‘

absorbers

* From standard collimation, to crystal-based collimation ... and to beam extraction
today SPS (UA9) CRYSBEAM (SPS then LHC)
LHC (LUAgQ) AFTER (LHO)

| * UAg:a complete crystal collimation prototype is installed in the SPS
v" Multi-turn channeling efficiency : 70+80% for protons, 50+70% for ions
,. v Loss reduction rate at crystal : 20x for protons, 7x forions

', v Off-momentum loss reduction : 6x for protons, 7x for ions (currently, LHC is limited by
| dispersion losses)

* LUAQ : approved by the LHCC
v 2 crystals already installed in the LHC beam pipe
v first tests with beam possibly in 2015/2016

A. Rakotozafindrabe (CEA Saclay) ‘ 9




LUMINOSITIES

Vs = 115 GeV
Estimates based on:

* extraction eff. (multi pass) ~50% LHC beam loss = 5.10° p*/s extracted
* 1year =107s for p* beam

/ AFTER@LHC : outstanding luminosities = precision studies

Luminosity [ year yield / unit of rapidity at y=0 [§
Target fb™ I ¥

10 cm SO“,d,H b 26 052 1077 | 7”1.07105 |

10 amliquidH | 2.0 | 40107 | 8.010%
10camliquidD | 24 | 9.6107 | 19105
1cm Be 0.62 10" 2.210°
; 1iemCu {042 i 5310% | 1110° 23
| = dmw | ex | mwe | 23100 b
| 1cm Pb 0.16 6.7 108 | 1.3 10° |

!
:

. Phys. Rep. 522 (2013) 239]

Compare to:
* LHC2012 Run (4 TeV p+ beam), delivered luminosity at LHCb 2.115 fb™
* RHIC expected luminosity (PHENIX decadal plan) in 2014

pp (@ 200 GeV 1.2 102 fb-1 dAu (@ 200 GeV 1.5 1074 fb-

R —
A. Rakotozafindrabe (CEA Sada\)




1' TOWARDS A FORWARD DETECTOR

* Focus on (ycm<0)i.e. « large » angles (8>1°) but still forward angles in the Lab.
* What needs to be improved w.r.t. known detector performances ?

* for e.g. a LHCb-like detector:2<n<5

v/ Track multiplicity : cope with the boost

! o0 AFTER p-Pb HIJING Vsyn=115 GeVrrrrr
1 N 450
| E 400 LHCb p-Pb data

Despite the boost, the track 2 350 vsnn=5.02 TeVl

mul'tlplluty is Iowe_r in the ﬁ>.<ed §3oo LHCb Pb-p data

target mode than in the collider § 200 sun=5.02 TeV

[ Z. Yang, Les Houches, Jan. 2014 ]

mode 200 -
V]
150
3 2<n<3
50 50
[ 0
0 50 100 150 200 0 50 100 150 200
nTracks nTracks

e e T —— o —— :
-
(=]
o

highest multiplicity/event ever |
experienced so farby LHCb !

A. Rakotozafindrabe (CEA Saclay) ! 13



- TOWARDS A FORWARD DETECTOR

* Focus on (ycm<0)i.e. « large » angles (6>1°) but still forward angles in the Lab.
* What needs to be improved w.r.t. known detector performances ?

* for e.g. a LHCb-like detector:2<n<5

v/ SMOG pilot run : a proof of principle |

| System for Measuring Overlap with Gas

restriction

pNe-collizions LHCb Preliminary
\B0=87 GeV

KN o

B35 5

1. 3

B :

15|\ 3

, \

‘ AN

1 8 2 5 5 450 60 <0 <50 <0 500 516 20 520 0 550

, Inject rare gas (Ne) in the VELO, for luminosity méxw) MeVie] :

: measurements = LHCb taking data in fixed- Strangeness production (for .e.g K%) .'
target mode, with gaseous target 4 TeV proton beam on gaseous Ne target

T R AT : s L
A. Rakotozafindrabe (CEA Saclay) | 14




TOWARDS A FORWARD DETECTOR

* Focus on (ycm<0) i.e. « large » angles (8>1°) but still forward angles in the Lab.
* What needs to be improved w.r.t. known detector performances ?

it . g,

* fore.g.a LHCDb-like detector:2<n<5
Track multiplicity : cope with the boost

SMOG pilot run : a proof of principle

]

Fast simulations : first look at the background for quarkonium

Using n coverage, photon AE/E, muon Ap/p of LHCb detector, + their usual cuts on muon pr to improve the S/B ratio

T 1 T T T ] T T T 1 T T T ]
' FyTHIA 8185, 10M cvenes ianplnmss |
Jiyg > uw'w -

cu 48&1. |
pip, (s=115GeV TTS—
']

QMS 0.6t *9

0<p. <10GeVie 2<n <5 o Js=115 GeV
2<Y,, <45 p* > 0.7 GeVic £ PPy e No cuts. Remove

o w7,  collisions computed | | photons that
Effect of m decay g:g?;gg"m " in MadGraph then combine to have a
cuts on pp TEP B3y w00 imported to PYTHIA mass around the n".
combinatorial ' Branching ratios at

kgro u = 3096 59 MeVie L
- — o = 1126 MeVic® 100 f TV Il 100%
' 1)

Counts per 10 MeV/c*

|
|
i
3

B. Trzeciak, June 2014

I'ln
‘_"u""‘.n-'-“\_l_,‘\J

; 4 6 . Vivot | )
M. (GeV/ic) E 1 2 22 24 26 28 3 32 a4 ag 4as

R. Mikkelsen, FCPPL, April 2014

\

A. Rakotozafindrabe (CEA Saclay)




Heavy-ions

Pb+Pb 40 A TeV

— '[U:O 2fmic

—_— = 1,=0.4 fm/c

mEmm '[U:O_E'l fm/c

Evolution of charm production,

central Pb-Pb collisions

- Sensitive to initial temperature
and its evolution during QGP
phase

Kinematic coverage

42



lons at FCC

¢ Centre-of-mass energy per nucleon-nucleon collision:

Z _%9 TeV
ﬁ—,/iAf ‘ %Pb TeV or [s,, =100 TeV

Sppp =

¢ First (conservative) estimates of luminosity (in comparison
with LHC): x8 larger L, per month of running

¢ Could aim for programme of 100/nb (LHC x10)

QGP properties: v[ /1 Hydrodynamic freeze-out curves
~Saturated initial state (small-x) & riorennen
»QGP volume increases strongly _
-QGP I|f_et|me Increases | Pb-Pb 5.5 TeV
~Collective phenomena enhanced Sb-Pb 39 TeV
~Initial temperature higher
~Abundant production of rare hard
probes (Z+jets, top...)




)
INFN

_  FCC-ion physics: thermal charm

¢ Significantly larger initial
temperature (could reach close to
1 GeV) implies abundant
“‘thermal” production of c-cbar
pairs in the QGP

~ Sensitive to QGP temperature and its B
time evolution

» cchar recombination can lead to Jhy
Raa>1

>
“Tg 80

'U

~ Pb+Pb \"sm=39 TeV

/

Thermal yield

+60%

Initial yield

5
(fm/c)

K. Zhou, Z. Chen, C. Greiner, and P. Zhuang, arxiv:1602.01667




FCC-ion physics: boosted top

QGP forms at t;
g-qbar pair probes
the QGP att>1t,

t, can be “varied” by
selecting on top p;

>

QGP Density

>
L2 Time

¢ Objective: study jet quenching as a function of time during
QGP evolution

& Reconstruct t-tbar events with final state  bb +(+2 jets +E,

¢ Measure the energy loss of the 2 jets (from light g-gbar pair)

as a function of the top quark boost (p+)

N. Armesto et al., arXiv:1601.02963
L. Apolinario, G. Milhano, C. Salgado, in preparation




