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— Open heavy flavors in heavy-ion collisions
60— Experimental results
~ —e— Initial production
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%E/RW Gluon nPDF Constrained by Heavy Flavors
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» One of the strongest constraints on gluon nPDF » Very clean final states and potential for large y
 Divergence of different hadron species — Open up a new collision system at LHC
— convoluted with final state effects
LHCb Yiheng L. CMS Christopher M.

Jing Wang (CERN), Open Heavy Flavor: Experiment, Hard Probes (Sep 25, 2024) 5


https://indico.cern.ch/event/1339555/contributions/6040961/
https://indico.cern.ch/event/1339555/contributions/6040908/
https://arxiv.org/abs/2309.14206
https://cds.cern.ch/record/2910905?ln=en

N

CE/RW
\

N/ S
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. PromptD° PbPb 5.02 TeV ® (ALICE) lyl <0.5

1.2:

DO Raa In central AA collisions

¢ (CMS) lyl < 1
AuAu 200 GeV = (STAR) lyl < 1

|—}—I—

Nuclear Modification Raa D9 Mesons

* Prompt DO suppression in wide kinematics

> Quenching in charm sector: medium induced
radiative energy loss

> Collisional energy loss plays a more important
role for heavy quarks

- Similar Raa between LHC and RHIC
> Interplay of spectra shape RHIC steeper + energy
loss LHC stronger

>~ But sensitive to centrality
» Hope for better precision in LHC Run 3 and sPHENIX

ALICE JHEP 01 (2022) 174 CMS PLB 782 (2018) 474 STAR PRC 99 (2019) 034908
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DO Raa Iin central AA collisions
1.4 —— —
. Prompt D° PbPb 5.02 TeV ® (ALICE) Iyl <0.5 -
10 ¢ (CMS) lyl < 1 N _
el _ If 1| would build a toy model...
 Diffusion :
| FHadronization. |~ Radiative eloss - » Energy loss suppress intermediate to high pr
0e ] » dE/E decreases at high pr
< . | T
< 1 .
o 0 }4—’ ] » Collective flow push very low energy charm

i quarks to higher pt and hadronization picks light
flavor kinematics

» Shadowing suppresses the total yield
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D9 Raa Understanding the Shape

DO Raa In central AA collisions

1 .4 1 [ I I | I I I T 1T T | | | T 1
. Prompt D° PbPb 5.02 TeV @ (ALICE)lyl<0.5 -
192 B ¢ (CMS) lyl < 1 ]
1  Diffusion ]

Al E

-~ : Cent. 0-10%
O | L1 11 I| CQIIISIIOIn?.IIeIIIOI§S | | | L1 1 1.1

1 10 100
p: (GeV/c)

ALICE JHEP 01 (2022) 174 CMS PLB 782 (2018) 474

<
<
C

B I 1 11 | | | I 1 1 11 I | | | | I_
16 =y MC@sHQ+EPOS2 ALICE -
~ —.-LBT _ .
1.4F --- POWLANG-HTL ~ PP-Pb. Sy =502TeV
i LGR Centrality 0-10% _
12 .. Prompt D, D*, D** average —
- ‘S y| <05 -
1.0p : I
i 7777 TAMU _
0.8 | = LIDO —
- /l ) - - PHSD -
0.6 L 1L AN, — 8AB-MOD -
RS | VT =+ Catania ]
/// - A ' »/'
04| . \\Q‘
g, N
0.2 \

4x107 1 2 34567 10 20 30

p. (GeV/c)

» Transport models are fairly successful
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Raa Mass Dependence of Energy Loss

Raa for different flavors
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» Mass dependent energy loss Dead cone effect

» Radiation is suppressed inside 6 < m/E
~ Energy loss AE| > AEc > AEp

® ©
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_ m/E L --pm/E ," "m/E
R Y TS
\s\\l

Larger energy loss  =» Smaller energy loss

Wonder if there really is dead cone effect? See:
CMS Jelena M. CMS Lida K. ALICE Nature 605 (2022) 440

* Flavor dependent Raa + Interplay of effects

» Significant: dead cone, coalescence

> Not significant: nPDF ALICE Biao Z.
ALICE Yuan Z.

CMS Tzu-An S.

ATLAS PLB 829 (2022) 137077 ATLAS EPJC 78 (2018) 762 ALICE HEP 02 (2024) 066
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Collective Flow Flavor Dependence

vo for different flavors

o
i Light ® i (ALICE) lyl <0.5 ~
Charm ® Prompt D° (CMS) lyl <1
K (5.36 TeV) = Prompt D (ALICE) lyl < 0.8
Beauty * (b—) D° (CMS) lyl < 1
e # (b—) u (ATLAS) Inl<2  _
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» Charm quarks explicitly take part in collective motion
> Strong coupling

* Non-zero beauty flow signal is significant

- Thermalization degree varies vs flavors

High pr: path-length

Low pr: elliptic flow dependence of energy loss

ALICE Biao Z.
CMS Nihar S.
PHENIX Julia V.

CMS PLB 816 (2021) 136253 ALICE Preliminary CMS PLB 850 (2024) 138389 ATLAS PLB 807 (2020) 135595
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cEun)) Collective Flow LHC vs RHIC
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Open charm vz for RHIC vs LHC
I i i
0.25 = Prompt D° (CMS) 10-30% -
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o Diffusion Spatial Diffusion Coefficient Ds

Spatial diffusion coefficient Ds(T, p=0)

» First principle calculation
>~ LO pQCD Weak coupling

';e:)tfficetf-ilCD 0. > AdS/CFT Strong coupling limit
geta > Lattice QCD Not accessible at finite momentum

| Bane'jee et al- -.-'.giiilllll.IIIlllIl:\\'\

+ Kaczmarek et al Need phenomenological models

Lattice calculation
l. IStr?nF coupling

% AdS/CFT

T/T

pc

X. Dong, Y.-]. Lee, R. Rapp Annual Rev
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https://arxiv.org/abs/1903.07709

%E/RW Diffusion Spatial Diffusion Coefficient Ds

Spatial diffusion coefficient Ds(T, p=0)

» First principle calculation

ay N ~ LO pQCD Weak coupling

I~ tattice QCD - o - AdS/CFT Strong coupling limit

cti 30 [ P — g - Lattice QCD Not accessible at finite momentum
: Need phenomenological models

+ Models that can describe data Raa & v2 have
> Ds close to AdS/CFT strong interaction limit
> Different momentum dependence of coefficients

* Next!
> Observables beyond Raa and v2: Correlation
- Also constrain other coefficients beyond Ds
~ Reduce theoretical uncertainty: especially on

Hadronization

X. Dong, Y.-]. Lee, R. Rapp Annual Rev S. Cao et al PRC 99 (2019) 054907
13
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https://arxiv.org/abs/1903.07709
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.054907

%E/RW Diffusion Correlation with Hard Probes

N7
(HF—)py - (HF—)u correlation
——— T | — Want to know how much the heavy quarks are
- Same-sign pairs ATLAS 1 deviated from original direction after diffusion
0 2__ Pb+Pb 5.02 TeV, 1.94 nb” P>S GeV - - Back-to-back (HF—)u pair angle correlation
< 0-10% |+ Away side width in PbPb has no broadening

from pp
>~ Possibly because the parent heavy quark
pT IS not sufficiently low

C(Ag)

0.16

ATLAS Soumya M.
STAR Diptanil R.

ATLAS PRL 132 (2024) 202301
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https://indico.cern.ch/event/1339555/contributions/6040884/
https://indico.cern.ch/event/1339555/contributions/6040814/
https://arxiv.org/abs/2308.16652
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Fragmentation

» Fragmentation universality assumed across collision systems
> Successful in HF meson production in pp
> Lesson from LF Additional coalescence
to describe in-medium modification in AA collisions

- Hadrons with different quark content as experimental proxy

Coalescence

If there Is coalescence

Higher Ds / DO expected Higher Ac / D9 expected
strangeness enhancement more valence quarks
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%E/R_@/ Integrated Ac/ DO In pp Collisions

Nc / DO vs Multiplicity

Was a surprising news: pr-Integrated yield ratio A¢/ DO

OD E ' _
= 2§AL|CE Iyl < 0.5 . Enhanced: e*¢e to pp (~0.1 = ~0.5)
< 1.8 e pp, (s=13TeV — stat. — _ _
1 6:_ v pp, Vg _ 502 TeV Syst Catar“a _: Most mlcroscoplc ------------------------------------- ) Most Static
F tr. = TAMU - . .
1 4 o I;}YTHI A8 = String model Coalescence Statistical
10 = — Monash 1 Extension of fragmentation model hadronization model
T E — cR.BLc2] Junction topology Assume Get feed down
1— —  color reconnection coalescence from additional
0.8F- E (CR) beyond happens in pp excited states
T PP - leading color as well from RQM
0.6 : —
B e N
0.4:— | =
0.2;—" ee /| —;
1 10 102 10°
ALICE-P1.B:839 (2023) 137796 <d Nch/dn>|nl<0-5

J. Altmann et al. arXiv:2405.19137
J. Zhao et al. PRD 109 (2024) 054011
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https://arxiv.org/abs/2112.08156
https://arxiv.org/abs/2405.19137
https://arxiv.org/abs/2310.08684

(iE/@/ Integrated Ac/DO? Across Collision Systems

Nc / DO vs Multiplicity

Was a surprising news: pr-Integrated yield ratio A¢/ DO

OD E | ]
= 2§AL|CE yl < 0.5 . Enhanced: e*e to pp (<0.1 = ~0.5)
< 1.8 e pp, (s=13TeV ——stat. - SHMc = —
1 .Gf— v pp, Vs =5.02 TeV syst. 7/ Catania _f
- A p-Pb, \'s,, =5.02 TeV extr. <= TAMU - : oL
1.4 ) , — String model Coalescence Statistical
- Pb-Pb, V?W =5.02 TeV \ total PYTHIA 8 1 Extension of fragmentation model hadronization model
1.2 — Monash —
1_ —CR-BLC 2_
0.8] - =
0.6 -
0'4;_ 1+ Saturated: pp to central PbPb (~0.5)
0.2 co —
: | I_ I | I.|_ I_ | _I L 1111 | | I | | I: Chemical

1 10 107 10° ‘mechanisms equilibrium /

ALICE-PLB-839 (2023) 137796

J. Altmann et al. arXiv:2405.19137
J. Zhao et al. PRD 109 (2024) 054011
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https://arxiv.org/abs/2112.08156
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https://arxiv.org/abs/2310.08684
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E) Baryon Abundance Charm vs Beauty

NS
Integrated pt Ac / DO Integrated pt/A\vp / BO

o I IIIIII| [ I IIIIII| I I IIIIII| I [ I: o : : I I I I I I T I I I T I T :
0 2—ALICE <055 0 078+ phey pp Vs =13 TeV -
<1.8  pp, 5=13TeV —stat. = SHMc  — <06k £ Pr>0 5.4 b7 =
1 .6:— v pp, s =5.02 TeV syst. Catania - © i N -
- A p-Pb, \[s, =5.02 TeV extr. = TAMU - 05F + -
1.45 2 po_pb, Sy = 5.02 TeV N total PYTHIA8 - S —— -
1.2F ¢ Au-Au, \/s,, = 200 GeV —Monash — 04F T 4% E
= STAR, PRL 124 (2020) 172301 —CR-BLC 2 - N 5
1:— _: 03 AR -
0.8 E 0.2 —4)—— ~+ pp—bb + X, global uncertainty: *°” E
0.65 = “lee | 6% -
0.4 E 0.1F + ¢ ete—Z'—>bb -

: | I_IIIIII.|_ I_I_IIIIII | | | 1 1111 3 | | I: 2 4VELO 60

2 LHCb PRL 132 (2024) 081901 VEL
1 10 10 (d N‘I (/)d n) Ntracks / <Ntracks NB
ALICE-PLB 839 (2023) 137796 ch! M/ 1pi<0.5
- Beauty sector similar behavior from e+e- to high-multiplicity pp LHCD Julie B.
» Manage to smoothly connect to LEP — Is it same for charm? ALICE Federica Z.
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https://arxiv.org/abs/2310.12278
https://arxiv.org/abs/2112.08156
https://indico.cern.ch/event/1339555/contributions/6040909/
https://indico.cern.ch/event/1339555/contributions/6040976/

E) Nc pT Redistribution Radial Flow

~7_
Nc / DO vs. pr

1.4 L L L
1.2 :
» Although the integrated yield ratio is saturated, ; . . ALEE: Mow <05 :
ot dependence is modified ' ;Ha o o Bn 5 05 ol 0100 -
® The “bum J) OD 08:_ il Central _:
P | < | PbPb :

can be interpreted as consequence of radial flow <

~ Not a new idea for light flavors in hydro models
- Used to explain A/K°

~ The charm and light quarks being recombined
are pushed to higher pr

ALICE PLB 839 (2023) 137796
ALICE JHEP 12 (2023) 086
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https://arxiv.org/abs/2112.08156
https://arxiv.org/abs/2308.04877

E)) \c pt Redistribution Across Collision Systems

NS
- - _ Nc / DO vs. pr
12~ | 4<p <6GeV| Intermediate pr e
1 12F .
B [ o ALICE, ly.yl < 0.5 ]
B ] I ® pp 13 TeV
0.8 1+ B
o B [ ® PbPb 5.02 TeV 0-10%
O - i o ]
ho n o 0.8 - central )
0.6 A [ L |
< - ~ 0 PbPb -
- <
0.4_—
0.2
~ ee
O ] ] ] llllll ] ] ] lllllI ] ] ] llllll3 ] ] ] J
10 N 10° 10
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« How does it evolve from ee to PbPb?

* Use intermediate pr as a proxy to the pr redistribution - . & .. (2023) 137796

ALICE JHEP 12 (2023) 086
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E)) \c pt Redistribution Across Collision Systems

N/ S
B ALICE, VOM Nc/ DOin pp
1.2 4<pT<6GeV @ F T T T T [ T T T T [ T T T T T T T T [ T T T T3
- Oppi3TeV = 03FALICE E
= E 08 3 op (s =13 TeV N, multiplicity classes =
11— S Ely<05 (AN g/d1): :
- % 0.75 —8- 31t/ e
0.8— - —— 37.8 E
[a B = 0.65 | —=— 3.8 - 0, -
= S o05b 8 (a+R)/@K) -
+|<o 0 6__ low z : E .' : —b— 32.5 :
© mult pp o g 0.4F, high mult pp E
0.4— igh mu o E
- 5 PP S 0.3t —F— :
: m g —
0.2~ L low = —H8— .
I 0.1 mult =
O_ leel L] | R | R | I El I ||I):.[). T T T T T IE
10 102 10° 3 10 15 20
Ng/dn ALICE PLB 829 (2022) 137065 p_(GeVic)
mi<O.
» Momentum redistribution already happens in » Similarity between strange and charm
high-multiplicity pp * Puzzling to me: not likely to have same flow

strengths of charm and strange?
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https://arxiv.org/abs/2111.11948

E)) \c pt Redistribution Across Collision Systems

NS
u ALICE, VOM CMS, Ntrk + private ext. ALICE Federica Z. 1.4 I L L
1 2 __ 4 < pT <06 GeV 3< pT <5 GeV CMS Soohwan L. i op (ALICE) <chh/dr|> 44 :
- O pp 13 TeV 1.2 (ALICE) (dN_/dn) =31.5 —
1__ A pr 5.02 TeV <> pr 8.16 TeV i pPb A (ALICE) (dN/dn> = 6.8 :
B PbPb 5.02 TeV - ¢ (CMS) 185 <N,, <250 -
- 1 PbPb ® (ALICE) 30-50% ]
0.8 . . 3 semi-central :
A - low high semi-central 2 08 PbPb -
~ - mult pPb ult pPb PbPb ~ ME :
e 0.6 < o6l LT _
- gl 1 high ALICE, lycyl <0.5
B - » CMS, lyoul < 1 i
0.4 b @ mult pPb -
B ! 10W ﬂj | i
0.2— ALICE Preliminary 0.2 Fhult pPb | =
e b CMS arXiv:2407.13615 =Y S A 3
B | | | | I | | | | I | | | | I | | | | | | | |
O- ] ] ] IIII‘III() ] ] ] llll1l(|)2 ] ] ] llll1l(|)3 ] ] | I OO 5 10 15 20
NCh/dnl <0.5 i ( Sevio
= » Puzzling to me: not likely to have same flow
» Across a wide multiplicity range, not only the strengths of small and large systems?
integrated yield ratio, but also the pr distributions « As contrary to /KO which continually has
change quite mildly stronger modification in larger systems

Jing Wang (CERN), Open Heavy Flavor: Experiment, Hard Probes (Sep 25, 2024)
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http://arxiv.org/abs/2407.13615
https://indico.cern.ch/event/1339555/contributions/6040976/
https://indico.cern.ch/event/1339555/contributions/6040852/
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u ALICE, VOM CMS, N_ + private ext. 47777
1.2~ 4<p <6GeV 3<p <5@eV central l l PP * (ALICE) (N /dn) = 4.4
- O pp 13 TeV PbPb 1.2 (ALICE) (dN_/dn) =31.5 —
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- B PbPb ® (ALICE) 30-50% ]
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* The shape changes dramatically in central PbPb — Strongest radial flow
» Hope for better precision with Run 3 data
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E) Strangeness Across Collision Systems

Beauty fs/(fu+fq)

LEP e'e” 0.5xf/f, Vs=m,| __ PYTHIAS8 +*— €€
HFLAV average

Strange / non-strange

CDF, pp Vs =1.96 TeV .
pT(B) >7 GeV/c

ATLAS 0.5xf,/f,, pp Vs = 7 TeV | e
pT(B) > 8 GeV/c :

LHCb, pp Vs =7 TeV : ——
pT(B) >0, p_ constant fit :

LHCb, pp 1S = 13 TeV 5 Lo 5
p;ET(B) >4 GeV/c : : pp

CMS, pp (s =13 TeV L e
pT(B) > 18 GeV/c constant fit -

ALICE, pp Vs =5.02 TeV : -
pT(D) > 2 GeV/c, p_. constant fit :

ALICE, pp Vs =13 Tev| [Hextrap.sys i _ 4 :
pT(D)>2GeV/c,pTconstantfit L e el Pl sheell

P P T  H T R
0 0.05 0.1 0.15 0.2 0.25
beauty f/(f+f )

Collision system size & color density

» Keep fragmentation universality - fs/(fu+fq) consistent between ete-, ep and pp
for both charm and beauty

ALICE arXiv:2402.16417
ALICE Andrea G.
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W Strangeness Across Collision Systems
Strange / non-strange Ds / D0 in pp ALICE PLB 829 (2022) 137065
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Collision system size & color density

« Contrary to baryon / meson
- No multiplicity dependence in pp - Color reconnection has small effects as it has similar
impacts on Ds and DO simultaneously

ALICE Fabio C.
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low high mult pp
mult pp

ce

Collision system size & color density

« Significant multiplicity dependence in pPb
» Coalescence models increases the ratio
> But conflicting to pp results in this case

LHCb Yiheng L.

Strangeness Across Collision Systems

—— Pythia8 CR
ALICE pp \s=13TeV [y*[<0.5  ___ Pythia8 Monash

—4— LHCb pp Vs =5.02 TeV 2.5 <y* <4 ___ EPOS4HQ pp
, —— e'e - == EPOS4HQ pp w/o coal

—|— LHCb pPb {53, =8.16 TeV 1.8 < y* <3.3
—| LHCb Pbp Y5y =8.16 TeV -4.3 < y* < -2.8
ALICE pPb Y54y = 5.02 TeV -0.96 < y* < 0.04

1

Q
O o3
. | “Ce A
Q a\esce
O 06 CO =B
0.4 = CR
A 2.0< p, <4.0GeV/c
10 102
dN . /dn

* CR has small effects & Models e.g. Rope describing LF
can enhance strangeness by increasing string tension
> Curious If it can describe the multiplicity dependence

LHCb PRD 110 (2024) L031105
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‘iE/@/ Strangeness Consistent Between Ds & Bs?
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0 vs. mult | Bo/B* vs. PbP i
Strange / non-strange Bs/B° vs. mult in pp s/B* vs. PbPb centrality
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low ® high mult pp
mult pp

Collision system size & color density

 Hint of different behaviors of beauty from charm

LHCD Julie B. * Need better precision LHCb PRL 131 (2023) 061901

CMS Tzu-An S. CMS PLB 829 (2022) 137062
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E)) More Challenges Strange Charm Baryons
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5 3% p. <4 GeVic (this papen baryons might be a ghallenge to thepry
- ~ Maybe related to diquark production
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More Challenges Rapidity Dependence
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ALICE JHEP 12 (2019) 092 ALICE PRC 107 (2023) 064901 ALICE arXiv:2407.10593
LHCb JHEP 01 (2024) 070 LHCb JHEP 02 (2019) 102 LHCb PRD 99 (2019) 052011
- Rapidity dependence In both mesons and baryons, in both charm and beauty sectors
» Models do not expect rapidity dependence
 Wider tracker of CMS and ATLAS after Phase |l upgrade and ALICES! ALICCbEYAﬁldrea G.
LH itheng L.
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(iE/RW Hadronization My Thoughts

» Multiplicity is not the best scale for system scan

* Hope models can calculate all the different systems simultaneously
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PYTHIA Color Reconnection Modes

3 Constraints and Tuning

The tuning scheme follows the same procedure as for the Monash 2013 tune [34]. However at a
more limited scope, since only CR parameters, and ones strongly correlated with them, are tuned.
As a natural consequence of this, the Monash tune was chosen as the baseline. As discussed
in section 2.3.4, several options are available for the choice of CR time-dilation method, which
naturally results in slightly different preferred parameter sets. Here, we consider the following

three modes:
 Mode 0: no time-dilation constraints. mg controls the amount of CR (mode 0);

 Mode 2: time dilation using the boost factor obtained from the final-state mass of the dipoles,
requiring all dipoles involved in a reconnection to be causally connected (strict);

* Mode 3: time dilation as in Mode 2, but requiring only a single connection to be causally
connected (loose).

This allows to investigate the consequences of some of the ambiguities in the implementation of
the model. For the purpose of later studies that may want to focus on a single model, we suggest
to use mode 2 as the “standard” one for the new CR. The parameters described in this section will
therefore correspond to that particular model, with parameters for the others given in appendix A.
Note that this section only contains the main physical parameters; for a complete list we again refer
to appendix A.

J. Christiansen, P. Skands JHEP 08 (2015) 003
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E) Strangeness Across Collision Systems

Strange / non-strange

PbPb

Yield ratio

Collision system size & color density

0.1

« Why?

STAR PRL 127 (2021) 092301

pell‘)i][;?le)ral AuAy <entral 0_72
0.6 -
0.5 -
0.4 i
0.3 -

0.2

Prompt D/D°
#* (STAR) AuAu 200 GeV 20-40%

Jing Wang (CERN), Open Heavy Flavor: Experiment, Hard Probes (Sep 25, 2024)

—  ® (ALICE) PbPb 5.02 TeV 30-50% —
JIHIJ&_
HEF #1 — ]
: —f—
: ! I I T I | ! :
0 2 4 6 8 10 12
p: (GeV/c)


http://arxiv.org/abs/2407.13615

CERN . .
\\/)/ Strangeness Across Collision Systems
Strange / non-strange Bs/B+ PbPb/pp
peripheral central A 3_5:_'""""'"""”"”"”"""”"""”""'_:
PEPb PbPb a .
5 3.0F -
Q. - TAMU i
c - 0-10% _
225 4 30-50% -
o 2.0F -
é"’1.5;— )\ B
g— - .‘; .
s 1-O0F o T ¢ B
Q. _ -
- | :
o 0.5F -
Collision system size & color density A TR T A A AN R T
= 2 4 6 8 1012 14 16 18 20 22 24
p_ (GeV/c)
» Model does not predict significant centrality dependence
ALICE Fabio C. ALICE PLB 846 (2023) 137561

Jing Wang (CERN), Open Heavy Flavor: Experiment, Hard Probes (Sep 25, 2024) 43


https://arxiv.org/abs/2204.10386
https://indico.cern.ch/event/1339555/contributions/6040882/

E) Strangeness Across Collision Systems
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G Charm Strangeness Across Collision Systems
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of R,pp, and Rpp for DT versus other D mesons. On average, the multiplicity value
at backward rapidity is 1.6 times higher than that at forward rapidity in terms of the
backward-forward production ratio of charged particles at the same center-of-mass energy
from LHCb [80]. As some contributions of D" and D° mesons come from the decay of the
excited charm resonance, the D** meson [64,81], it may be possible to further understand
this phenomenon by investigating the production of D** mesons in high multiplicity pPb
events.
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@) Baryon pT Redistribution Flavor Dependence

N/ S
PP pPb

o T CMS pPb 97.8 nb™ (8.16 TeV)

-‘|= 0.9:_. _: B | | | | | | | | | | | | | | | | | | | |
(© : ALI‘/(—: |§1 N, multiplicity classes 5 - PPb (5.02 Te;/) T -
— 08DpP Vs> 3 TeV AN dny r 14— (A+A)/ 2K (AL +AL)/ (D°+D°) —
S o7pVI=05 . a1 e - o . ° Nim<3s = 2<NIm<3s
B : a—378 ; ® F o 220<N™°<260 e 185<N°M™e <250 -
e 06F + E S 1 y_|<1 1.46<y <054 -
i L — 38 _ O L cm cm —
O 050 (A+A)/(2K) 7 3 B -
g 0%k o ; £ oo -
C 04F -I- - L - -
g 3 E § 0.6F- -
© B EEI . © - . E
M o.2F - — a0 ' ' -
0_12_ _i 0.2;— * —;
:n T RN N NN NN SR TN S AN TR TR TR SN SN NN SHN SN - [ ! ! | | | 1 | | | | | | | | | | | | |

5 10 15 20 0 2 4 6 8 10

p_ (GeV/c) p_ (GeV)

» Charm and strange are consistent in pp - Significant difference at higher multiplicity in pPb
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» Significant larger /\c/ D° observed in pp
~ Stronger enhancement at low pr compared to ete-

» Theoretical efforts to describe it
~ More excited baryons
> Color reconnection
~ Coalescence also in pp
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CERN L] . N = =
\ Luminosity Projection Conservative
\_/
Quantity pp 0-0 Ar-Ar Ca—Ca Kr—Kr In—In Xe—Xe Pb-Pb
V/SNN (TeV) 14.00 7.00 6.30 7.00 6.46 5.97 5.86 5.52
Laa (cm™2s71) 3.0x 103  15x10° 32x10® 28x10® 85x10® 50x10® 33x10®® 1.2x10%
(Laa) (cm~2s71) 30x1032  95x10%® 20x10® 19x10¥® 50x10%8 23x10% 1.6x10% 3.3x10%
month (pp~1) 51x10°  1.6x10° 34x10® 3.1x10> 84x10' 39x100 2.6x10 5.6
Zmenth (ph=1) 505 409 550 500 510 512 434 242
Rumax (kHz) 24000 2169 821 734 344 260 187 93
u 1.2 0.21 0.08 0.07 0.03 0.03 0.02 0.01
dN.n/dn (MB) 7 70 151 152 275 400 434 682
at R=0.5cm
Rpic (MHz/cm?) 94 85 69 62 53 58 46 35
NIEL (1 MeV ngg/cm?)  1.8x 10%  1.0x 10 86x10% 79x108% 6.0x108% 33x108¥ 41x10® 1.9x10"
TID (Rad) 58x10° 32x10% 2.8x10° 25x10° 1.9%x10° 1.1x10® 13x10% 6.1x10°
at R=100cm
Rpi¢ (kHz/cm?) 2.4 2.1 1.7 1.6 1.3 1.0 1.1 0.9
NIEL (1 MeV ngq/cm?)  49x10° 25x10° 21x10°  2.0x10° 1.5x10° 83x10% 1.0x10° 4.7x108
TID (Rad) 14x10> 80x10' 69x10' 63x100 48x10' 27x10' 33x10' 1.5x10!

Table 1: Projected LHC performance: For various collision systems, we list the peak luminosity Laa, the average luminosity (Laa ), the lumi-
nosity integrated per month of operation .?A“X“‘h, also rescaled to the nucleon—nucleon luminosity Z&“ﬁ““h (multiplying by A?). Furthermore, we
list the maximum interaction rate Rm,x, the minimum bias (MB) charged particle pseudorapidity density dN /dmn, and the interaction probability
U per bunch crossing. For the radii 0.5 cm and 1 m, we also list the particle fluence, the non-ionising energy loss, and the total ionising dose per

operational month (assuming a running efficiency of 65%).
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