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( Introduction )



.1 = Intro. : QGP and AA
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|.2 — Intro. : pp vs. AA, different physics ?

G(H*) = 1 fm

B (Pbe2*) = 7 fm

4>
-«

ptp(\H)| “a @

® »

Pb+Pb( °5Pb )

ém || CMS Experiment at LHC, CERN

i| Data recorded: Sun May 23 07:22:37 2010 CEST CMS Experiman al LHE, CERN

Data raconded: Mon Mow 8 11:30:53 2010 CEST
Run'Event 150431 ! E3047T0
Lurni gaction: 173

Sy i IS
i| Run/Event: 136066 / 36977523 L%};

Lumi section: 374 1
SSi -
L 3

ey
i

Vs, = 2.76 TeV

(Notes :
1. the “NN” — \'s < 575 TeV/
At the same Vs, the question is : 2. the achievable energy density )

(pp) X 208 = 1 x (Pb—Pb) ?
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|.3 — Intro. : pp, AA, continuum of physics

1. pp, Min. Bias H.L

v

2.| pp, High Multiiplicity ~g @,
3.

Pb—Pb, low centrality

86£G0E |/PI028/40" U182 qamspy/:dny )
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http://cdsweb.cern.ch/record/1305398

|.4 — Intro. : defining some notions...

1. - Spectra : 1 d*N _ f(p )
N., dprdy d To be considered

in pp or A—A

2.-Yields: 1/N,, dNldy

1IN d*N*dp..d
3. R,(p)= ( NM) N ldpyay “(pp) x 208 # 1 x (Pb—Pb) ?” ...

(N, (UN%) & N”ldp,dy

Notes : — R,, =1, nothing special in A-A ..
e.g. photons, W#, Z°.

— R,, > 1, enhancement in the A-A system
e.g. strange hadrons at low momenta (p, < 3 GeV/c)

< 1, suppression in the A—A system
e.g. light flavour quarks at mid/high p_ (p; > 3 GeV/c)

— R

AA
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Part A — strangeness
with

GO [e ALICE

¥ Ireland

strange quarks]




Nucl.Phys.A772:167(2006)
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Il.1 — Strange. : QGP, strangeness

— S obey bulk physics ...
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E o o ___ 3
T Lo
o STAR T ]
= O PHENIX - =
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150

05F

—+— 60-80 % centrality
—e— 80-90 % centrality |
—e— (ppat\s =7 TeV) ]
—+— (ppatvs=09TeV) —

Ak Ahaa
'*,‘7 data points include stat. errors
PR - estimated syst. error ~10 % |
- -
AR —h—
- V‘_‘_ ——
. .

Historical signature : “strangeness enhancement”
= Gluon fusion : gg — ss
from Rafelski & Muller, Phys.Rev.Lett 48 : 1066 (1982)...

Experimental results : NA57, STAR

— complex phenomenon,
leading to long-standing debate
a. Normalisation to pp, pA
b. Canonical suppression,
c. Centrality dependence ...)

——
Pb-Pb at \sy, = 2.76 TeV, |y|<0.75
@ —4— 0-5% centrality
> 20-40 % i
~wsxeman | J,) Other aspect :

[ Preliminary

(ex. :

baryon/meson at intermediate p_,

(like p/x)

-<

Q Q
2 ¥ Inclusive a O ex T
S I e p S C A TTE ]
g |0°A g |owEE T Tl .
S10p0 = @E A e R R S
> > -
kS DyE | 5 % 1
e = e ﬁ ]
E i Ei - E n — i! 1
o . o [
” Wissid | 7 L 7]
[ L2
J:l o
IIIII| 11111 1 IIIIIII| 1 IIIIHIl 11111
1 10 10° Npﬂl‘l 1 10 10° Np:zr(

— Coalescence picture ?

806770 L. OnoYsAud “YVIS

All need proper study of the benchmark system : pp ...

February 2012
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http://indico.cern.ch/contributionDisplay.py?sessionId=99&contribId=497&confId=30248
http://dx.doi.org/10.1103/PhysRevC.77.044908
http://arxiv.org/abs/nucl-th/0511071

Il.2 — Strange. : p+p, strangeness

e Physical incentives :

Strangeness in p+p = benchmark for heavy-ion physics ...
+ interest in itself = strangeness production mechanisms :
pQCD ( high p,)
VS.
soft interaction ( low p.)
— understand the soft part of the event + its interplay with the hard part,
— constrain the phenomenology (Muiti-Parton Interaction ? ... ? ) of QCD-inspired models
(PYTHIA, EPOS, Sherpa ...)

e Measurement status : (p+p) or (p+p) measurements at high energies :

\s Experiment(s) | Collisions Particles Ref./Link
0.2 TeV (UA5) + STAR  (p+p) + p+p K%, A, 25, Q* STAR
0.9 TeV UAS p+p K, A, = UA5
1,96 TeV | CDF Run |l p+p A, B, QF CDF
— LHC: 0'9’ 2'76’ 7TeV? (NB : CMS paper (0.9 + 7 TeV), in preparation ATLAS, in PLHC 2010 ...)
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http://arxiv.org/abs/nucl-ex/0607033
http://cdsweb.cern.ch/record/196068/files/198904107.pdf
http://arxiv.org/abs/1101.2996
http://arxiv.org/abs/1102.4282v2
https://indico.desy.de/contributionDisplay.py?contribId=211&sessionId=26&confId=1964

I1.3 — Strange. : strangeness, ALICE

o Experimental paths:  A. Strangeness via detector-PID = K*
B. Strangeness via topology =
S=0 (¢ meson) NB : identification from low p, (~0.2 GeV/c)
+ 8 =1 (K%, A neutral hadrons) to high p, (~10 GeV/c)

+ § 2 2 (multi-strange baryons)

o ALICE designed for it : good identification capabilities at mid-rapidity

1. < very good detector-PID capabilities — LT
(ITS TPC, TRD, TOF, HMPID) 2. b) Iow Bfleld from L3 (0 ) T)

10k Btec  [[spbp [[Beam pipe

x/X

10"

2. < low pt cut-off
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http://arxiv.org/abs/0901.3176

Il.4 — Strange. : ALICE, multi-strange baryons

ALICE (in 2009-11) . — pp collisions at 0.9 TeV,
(at 2.36 TeV), at 2.76 TeV,

at7 TeV,
— Pb-Pb collisions at 2.76 TeV

ITS { SPD
=4cm&/7cm)

(rtransv

Charged multi-strange
baryons : L

" <= (dss)] Ef(dss)

QO (sss) €7 (sss)

Sub-detectors needed :

1. Inner Tracking System
2. Time Projection Chamber

What we detect from
=, 2, Q0

- bachelor,

- VO daughters.

p MC Pb-Pb event with cascade, from PPR Vol. I, p.1303
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http://www.iop.org/EJ/abstract/0954-3899/32/10/001/

Il.5 — Strange.

e Decay channel:

E (dss) (m,,.
Q* (sss) (m m, .
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Wix ——"-o ~ daughter
,' to Prim. Vitx
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PN T T [T T Y T T T T T
1.08 1.1 112 1.14 1.18

cascade reconstruction

;ct1=4.91cm) » A(uds)+nm —p+rm+ m (BR.=63.6%)
;ct=2.46 cm) — A(uds) + K" - p+xt+ K" (BR =43.3 %)

e |dentification based on three 2%

- A candidates /
3000

250 | :-:_ Ii‘

< 200F &

dE/dx in TPC (a.

9)
o

tracks, within a fiducial volume,
+ “Cascade topology”

+ TPC PID on each daughter

150 |

100 |

pp @ 900 GeV

ALICE performance ]

1 10
momentum p (GeV/c) 13/39
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Part A.a — 900 GeV : Cascades, =*

ALICE Performance
(Dec. 2009 data)

p+p, Vs= 900 GeV

( December 2009
‘ p+p, 900 GeV
~ 250 x 103 evts



lll.1 — 900 GeV : signal extraction principle

Talk A.Maire, Physics@LHC 2010

1. Definition

of the
S and B
areas :

S=uy_+40
AB =70
B, 60 away

Counts per 2.0 MeV/c

- —+ » » r r
= +Z Inv. mass: integration in g, all cand.

2.

100—

80

60

40

20

E Fit for S+B :

Gauss + POL{deg1)
-M:1321.8+ 0.19 MeV/c®
-Gy 1 2,232 0.18 MeV/ic®

Building a corrected spectrum :

Fit type for Beckgnd: POL(deg1)
- With Likelihood minim.

Signal in [1.312; 1.332] Ge‘-.h"ﬁ/

— Signal = 237 + 18 |

R(S/B)

Backgnd = 1482+ 154
Significance = 12.07 £ 1.0

[#)]

=1.60=0.30

1 I 1 1 I 1
1.34 1.36

2.

1.4

|
1.38
)

M( A, %) (GeV/ed)

]- dE*NTCGSC
Neovt (INEL) dpr dy

£ PhySel

(PT) =

P""'re‘.;t JFPhySel

Sreco

l ( SCGSC,]“R‘LI‘.-‘ ]-

February 2012

Overall signal

(integrated in p.)
= backgnd estimation, B
Entries 18
(2Indf  21.69/15 S = (S+B) -B
p0 1496+ 15.0 casc,raw counted interpolated
pi -102+11.3

3.

Counts per 2.0 MeV/c

Signal in p_ bin
= += inv. mass in p, bin (2.0 - 3.0 GeV/c) [ = Backand esfime

= +T inv. massin Pr bin (1.4 — 2.0 GeV/'c)

| = backgnd estimation,

= | Entrias

1
= += inv. mass in p; bin (0.6 — 1.4 GeVie) = backand esfimation. B | /
O Entries 16 |}
50— Fitfor S48 x;-’ ndf 8 158.5$£;§ :
L ) p A5+12.
r Gauss + POL{deg1) p1 9573+ 0676 ||
4pf- -M:1321.6+ 0.28 MeVic*
C -o,:2.080.24 MeVic? Fit type for Bckgnd: POL(deg1)
C - With Likelihood minim.
30— Signal in [1.312; 1.330] GeV/c?
E — Signal =95 £ 11
a0l Backgnd =53.0+9.4
L Significance = 7.81+ 1.03
r R(S/B) =1.79+0.55
10— ﬁ & 1
LI LN | T T I ' i | [l L} I L h :;
1.28 1.3 1.32 1.34 1.36 1.38 1.4

M A, 75 ) (GeVic®)

3 points, up to 3,0 GeV/c
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https://indico.desy.de/contributionDisplay.py?contribId=212&sessionId=26&confId=1964

[11.2 — 900 GeV : systematics, summary

Eur.Phys.J.C71:1594,2011

—sa— DAlt - 80 TPC Clusters
=+Z — Syst. uncertainties (%) :
~ _ " ) ] —_—— - 70 TPC Clusters ) X1 1 SeIeCtlonS
py bin (GeVjfe) | 06-14 14-20 2.0-3.0 —— Very Loose sel.
—s— - 90 TPC Clusters —— Loose sel
Selections —=— Medium sel.
tracks neql. 5.4 neql. Tight sel.
topological 6.8 11.6 13.9 p- —— Very Tight sel.
Signal extraction 5.6 negl. 2.5 —
—a— Dflt- F’OL1+II_|kv.=:.I|huud
TPC dE[dx negl. \ -e :ﬁgt?:xuzkehhood
. -a- - POLO4y®
Efficiency —m— -pureBC
material budget 2.7 1.5 3.6 : e :;tBB}]f;:
o Signal loss B AR B,
P cross-section 2 —=— -B:AB) =80
due to TPC PID —=—  -BiAB)-9c
Normalisation 2 o DS
1 okl —=— -5 : M+ 250
— -5: Mt 450
—a— -5: M+ 500
/ —a— Dflt- B : 65 away
: : —s=— - B:7-oaway
Over-estimation of — PYTHIA D6T =S
p cross-section (— Phojet )
in Geant3/4 — PYTHIADG6T All these syst. studies
— syst. correction + 20 % mat. budget = significant part

of the PhD work...
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http://arxiv.org/abs/1012.3257

[11.3 — 900 GeV : corrected spectra

. 107 E L L L B
§ - pp, INEL,\s= 0.9 TeV ]
© C N i
- —6— ALICE = +% .
1. All MC models tested = under data £ .. L — Broser < m
S E e ———— e PYTHIA D6T (109 3 <
~ factor 3-5 = - T —— F’YTHIAATLAS-C}SC{BDB} 1 5
NES / - -- PYTHIA Perugia 0 (320) 4 =
z|lo <
%| a 10° B ~ o
2. Interms of data : ° = -
« dN/dy compatible with the S 19
. -
ones from UA5 and CMS 107 ¢ = o
- Tl 1 ¢©
: < - L By
* CMS spectrum in accordance g 06F 1N
with ALICE one 5 o4f J =
W C ]
o 2L J
. = - : —
° Spectrum in accordance 0 C . . . . . . . ]
with ALICE 2010 data ... 0 05 1 1o 2 25 3 3 !
P, (GeV/c)
Table 6. Rapidity and pr ranges, {pr), corrected yvields and extrapolated fraction at low pr using the Lévy function (2).
Particles y| pr range (GeV/e) {pr} (GeV/e) dN /dy Extrapolation (%)
Meson: K& < 0.75 [0.2 — 3.0] 0.65 = 0.01 + 0.01 0.184 £+ 0.002 £+ 0.006 12+04+05
Feons ¢ < 0.60 [0.7 - 3.0} 1.00£0.14£020  0.021 +0.004 £ 0.003 A8+ 1847
A < (.75 [0.6 — 3.5] 0.86 £0.01 £ 0.01 0.048 £+ 0.001 £ 0.004 b+2+4
Baryons A < 0.75 [0.6 — 3.5] 0.84 +0.02 + 0.02 0.047 £ 0.002 £+ 0.005 39+3+4
= 4+2 <08 [0.6 — 3.0] 0.95+0.14+0.03 0.0101 &+ 0.0020 £ 0.0009 R E Y|
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http://arxiv.org/abs/1012.3257

PartAb—-7TeV : = = Q. O

ALICE Performance (Apr. 2010.data)  p+p, Vs=7 TeV

- e .
Wl 0 ZiEe T 0
e IR

: A T ..

- e - = R,
- - . L

- 1 . Y
o A o 0 v -1
g 7111 AT

e .

TRETRT }
fEOEERL AR l mmn B
. N P PR W w
L TR

[ TR R TR AR TR T W T LI -1
- 5
. g
a 0
o
i 5

Summer 2010
(LHC10d)
p+p, 7 TeV

=~ 165 x 108 evts




IV — Min. Bias p, spectra
* inv. mass : integration in Pt, all cand. at v s = 7 TeV

Fit for S+B : @

Gauss + POL(deg1) )
-M:1322.0+ 0.01 MeV/c* Performance
0,1 218 0.01 Mevic 15 sept. 2011 Q) inv. mass : integration in Pt, all cand.

 Fit type for Bckgnd: F’OL(deg1}
, - With Likelihood minim. Fit for S+B : ('\l
!: Signal in [1.312; 1.332] GeVic? Gauss + POL{deg1) - e

i :
E;f}:ggg'jfggj;ﬁ% L -M:1672.5+ 0.04 MeVic* | Performance

Significance = 3055+ 0.7
R(S/B) =8.33+0.11

- 0,1 2.1 0.04 MeVic* 15 sept. 2011

. Fit type for Bckgnd: POL(deg1)
i = With Likelihood minim.
Signal in [1.664; 1.682] GeV/c?
— Signal = 5254 + 86
Backgnd =3248+73
Significance =57+ 1
R{SIB} =1.62+0.07

134 136 1.38
M(A, ") (GeV/c?)

—
-
o
o

=
)
e
@
o
0
]
=
=
Q
O

1.7 172 174
M( A, K ) (GeVic?)



IV.1 - MinB spectra

=, =, 0, QF

g 10_2 E_ e ALICE Preliminary - _E
STOT(E_) - STOT( ) ~ 105k i/;/v - @ —— X E
1 ptbin: 0.6-08GeVic —  810°%F - =
Last pt bin: 7.2 -8.5 GeV/c L = - Q1
. 3 10™ Er' B Q)
Srorl€) ~ TOT(Q )~ 9Kk :C?L'_ % @ 3
1°ptbin: 08-12GeVic 2z | -
Lastptbin:3.8-5.0Gevic ©° 10°F ) E
%ﬁ 10—6 - Uncert. : \J Stat® + Syst” / -
S P T D D VS P S |5

0 1 2 3 4 5 6 7 8

Extrapolation ( low p_ ) :

~ 22 % for 5,
~ 26 % for Q.

1/N .. dN/dy :

INEL
— 1 Z (%) every 130 evts
-1 Q (Q*) every 1500 evts

ALICEdata2010 INELp+p\f__?TeV 131.1 Mevts
||||I|| I|I||||I I|||I|||II||I||I||I

/ pT(cascade) (GeV/c)
Lévy-Tsallis fit function

{_1'3-3“ B dN (ﬂ.— ].)(ﬂ-—Z) (l—l—
dpdy dy 'n,Tt[ nT;+ m(n-2) }

mrT—m ) on

Iepe
P nT,

Talk A.Maire, SQM 2011
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http://indico.ujk.edu.pl/contributionDisplay.py?contribId=52&sessionId=2&confId=0

(GeV/c)!

ly| < 0.5

1/(27N, ) o) °N/dp dy |

IV.2 - Comparison : ALICE and CMS

—
o
[45]

b,
<
Y

—
<
on

—
<
1]

II1I||I1||II1I|II'II|IIIllllIllllllllllllllll

E oS- ';‘i .
E SR (2 /2) CMS,NSD <~ o
- . lyj<2, divided by Ay=4 e 3
o 24 o P
5’&. ALICE Preliminary o)
]

R LI
A
#
L

W =

T e e ®- Uncert. "\ srarza;-sysf‘? ;
i —-

S "L‘Q‘:, N

AN N

—— ™\ !\____ |

D N =

~ \\,‘ . =

- - :

T T I'IIIII|

| ALICE data 2010
pp\s=7TeV

T TTITI

—+— CMS : Strangeness in pp 0.9 and 7 TeV

— 10.1007/JHEP05(2011)064

CMS data :

1. (E+E") spectrum
2. fromp,=0to 6 GeV/c

3. normalisation to NSD
(ALICE, to INEL)

Fft!'er:llf with Lélvy Funcln'ons I |

— hence the difference

0 1 2 3 4 5

P, (GeV/c)

4. no Q, Q' or (A+Q)...

— good agreement between the two experiments

(provided the INEL/NS

D difference...)
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http://arxiv.org/abs/1102.4282

Data / Pythia

IV.3- Comparison : PYTHIA tunes

Different tunes :

o+ e PYTHIA Perugia 0 (¢ #) :
i T S A S I e A focus on Multi-Parton
10 L i 11_.!..1. - ?. ALICE Preliminary i é'ﬂiﬁ i Interaction
T © T oz G for UE description,
ity e, T e PYTHIAZ2 (0 %)
B A— ¢ ’ ] extension of reference
1 e (E+E) s i tune D6T
0 1 2 3 4 5 6 7 8 9 e PYTHIA Perugia 2011 (ecmD) :
b, (GeVic) update of Perugia 0
(e E,0 =, ), 0Q)
: 0 : ——» ] £2+P2011 = adapted to recent LHC
E « i + * ® ‘ ALICE Preliminary B measurements,
e L it f ) - i.e. multiplicity + unlD. p, spectra
g 2 I, oS S S A A S T K- atVs =0.9and 7 TeV

P2011 : + special care for strangeness...

— PYTHIA tune with the highest yields = still well below the data, at intermediate p,
(NB : Perugia 2011 looks ok for = and E* at p, > 6 GeV/c... )
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V — Azimuthal
Correlations




V.1 - Correlations : (Cascade — h?)

e Soft or hard hadronisation ?
(— in Pb—Pb, coalescence vs fragmentation ?)

Tool : azimuthal correlations

with 2 particles, as a 15t step "ta:

~ I X .Prir'n. Wix brim. Vix
N
™
M =
w9 F . ALRE Au+Au 200 GeV (0-10%) :
S g 04~ A hi v, subtracted ' N e — Correlation study led at RHIC

[ a =- & 2.5<p_-Trigger4.5 Ge
¢>>. ©, 03 ﬁ';]i ni<1 J 15 < p.-Assoc < p.-Trig in Au-Au, for =*-h* and Q*- h*
2 £ in d-Au, for =*-ht
© §“*2§ in  pp, ... missing stat .
\ | —
E 01:— i
< + {F %D See also the jumping-off point :
(|7) 0 % - J. Bielcikova (STAR) / arXiv :0701047
> 0.1 - R. Hwa (Th) / arXiv: nucl-th/0602024
)
[ :
O .02+ Open points: reflected functmn hTa'J.FE Preliminary |L e Question :
<. 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 " "
m 3 2 -1 0 1 2~ 3 correlation in pp at LHC ?

A¢ [radians]
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http://arxiv.org/abs/0705.3371
http://arxiv.org/abs/0705.3371
http://arxiv.org/abs/0705.3371
http://arxiv.org/abs/0705.3371
http://arxiv.org/abs/nucl-ex/0701047
http://arxiv.org/abs/nucl-ex/0701047
http://arxiv.org/abs/nucl-ex/0701047
http://arxiv.org/abs/nucl-ex/0701047
http://arxiv.org/abs/nucl-ex/0701047
http://arxiv.org/abs/nucl-th/0602024

V.2 - Correlations : results

Correlation options :

Correlation [ A¢ ] for ( - h™) Entries = 6342
] Ovefow 0l A_Trigger . cascade
= - —} Trigger: 4.00 <p (Casc) <10.00 GeVic, |y <05 Integral _0.8472 . :
5 01 hsso. : 200<p (W) <p (tigger, <08 o, Associated : primary tracks
g L
& 008~ B. Trigger : leading track
5 - .
3 - ltig 2550 Associated : cascades
= 0.06— + 4 —+- -
3 - —+- B e
© L +'—+— " . R —
- o e Correlation [ A¢ ] for(h™-Z%) Entries = 2729
° 0.04 - e b —4— — Overflow 0
0 —4— —— — - e T lintegral 0,642
& - m —— 8’ 01— Trigger : 5.00 < pT(h*} < 15.00 GeV/c, n| < 0.8 9 :
E 0.02 __ %‘ __ g L Asso. @ 3.00 cpT(Casc) <pT(lrigger], ly| <05 i‘
= OUZr | S = )
- ALICE work in progress i 5 008 N
v e v b e v e e e e e L gy | g2 -
qSO 0 50 100 150 200 250 300 5 C
ALICE data, p-p at 7 TeV (LHC10d) - 131.986 M events Ad(Casc,Track) (deg) % 0.06 — Adb(trig, asso)
2 L
E : + + +++ E- £ asso
Hypotheses : g 004 =
A. 17 tracks # cascade daughters 3 S e+ T+
. 0 z N e
B. Purity S/(S+B) > 90% for any p. = 002 @ —+
i - ALICE work in progress
C. pT(aSSO) .< pT(trIgg.er:) U L L 1 1 | | | I | 1 1 | 1 | 1 1 1 1 | | I | 1 1 | 1 | L1 1 | |
D. ~ correction for efficiency (...) AL N U T R T
ALICE data, p-p at 7 TeV (LHC10d) - 123.994 M events Ad(Leading Track,Casc) (deg)
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V.3 - Correlations : qualitative results

1 Mige - dN/ dAd (counts per 20.0 deg)

Correlation [ Ad ] for ( Z° - h* o5 I .
[A¢]for ( ) Stat uncart oniy [-ooes = 0441 Option A. =t igger
_IIII|IIII|IIII|IIII|IIII|IIII
026 — o Trigger - 2.00 = piCasc) « 10.00 GeWie, vl = 0.5 Integral 2452
- T Asso. 7 1.00 < p ) < [ {trigger), gl < 0.8 1
02 Correlation [ Ad ] for (E* - h*) Enies 7779
T e e Stat uncert only Overfiow 0
- - - - I—I—H_ — L L] | L L L] | L] | T 1 171 | 1T 1 T | L L]
0.15 - —— ,_._,'_'_' . .E 0.1 R . Trigger : 3.00 < p(Casc) < 10.00 GeVWic, ly|< 05 Integral _0.6032
51 e P = - I Asso. 1 200<pih¥)  <p (irigger). il < 0.8 . Primary
Fo- o __1___‘_1_"”1_ ﬁ B L“..Track =/a550
0.1 |%I. ' o 008 —s— LHC10d pp data g
B ALICE waork in progress 5 - A --=—- Pythia Perugia 0 (reco) §
- o
L = 0.06 . - "
0.05 - —s— LHC10d pp data E C Correlation [ A¢ ] for ( = - ) Siat uncert only Entries = 1217
: “'F-'"P?'lhiﬂ Pﬂrugﬂ'aﬂ{reﬂﬂj == : I—'—! '_*_' "‘:-;" Eﬁ FT 11 1|1 11111111171 LI L B LI L Cverflow 0
0 o v b v b v b i by % 0.04 — '—’—'—l_ -E; 0.08 n _i_'_ Trigger : 4.00< I:!IH::-ESEJ < 10.00 GV, Iyl < 0.5 Integral  0.2456
-50 0 50 100 150 o F e . I ,_._.'_f_' = T "7 T Asso. : 300<p.hf)  <p.itiggen). i< 0.8 =
ALIGE data, p-p st 7 TV (LHG10d) - 131.986 M events ZE - r%1 o | & - I .
= 002 R 5 005 1=
» fﬂl I —— | HC10d pp data Je
C ALICE work in progress = 0.04 B --=-- Pythia Perugia 0 (reco) ]2
{] 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 11 I 1 1 1 8 B __ __ ':
-50 1] 50 100 150 - - qe
ALICE dafa, pp &t 7 Te¥ (LHC10d) - 131.986 M events 'g 0.03 - '_}_' . ALICE i ﬁ'
. T work in progress 4
1. More and more correlations, : F ,h @
ith | d o for tri d iated o 002+ G % -
with increased p, for trigger and associate a6 O b ]
= | 1 i ; ]
= 0.01 E‘i—' '_i_:—}—;_}_,—f—.:g::h : _'_f_'___$___"_t_'-—?_:
] . - - e T -
L PYTHIA Perugla O tends to Overestlmate 0 IR T T T T T N T T T T T [N T T T T T T N T M O A
: 50 0 50 100 160 200 250 300
the data Correlat|0ns ALICE data, pp at 7 TeW (LHC10d) - 131.986 M events Ag(Casc. Track) (deg)
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— Cascades In

— Pb-Pb

Pb+Pb & sqri[s) = 2.T6 ATeV

2010-11-08 11:30:46

[Fil: 1482

Run : 137124

Event : 0x0000000003BBESSY



VI1.1 - In Pb-PDb : enhanced production ...

M. Nicassio (ALICE)

e SQM 2011
R,, integrated in p_ centrality
as measured by ALICE e PD-Pb at \ 5, = 2.76 TeV @ &
in Pb—Pb at\s,, =276 TeV & R . | g o
O o A Q40 . 4
o 10f ux 1o 10F a3 I T 3
'.E . e A o E . e K 1 ]
Status : © o s [ *A r;i _
ted spectra & ? - % .
— correc
c Clia, A . CgD A ] 1
— for&, 2, Q,QF § ? @ ¥ 5 g 5 QE
— in different centrality bins, < ; z _
— strangeness enhancement  — ~ |
= seen... = 11EH """""""""""""" 1¢ VR E
. — i NAS7 (17.2 GeV): = MNAST (17.2 GeV):
l.e. larger enhaEcement > | STAR 200GV o1 | 7 G e
for Q than Z, T I R '

+ enhancement increasing 5 2
with centrality 1 10 1EN i 10 1EN

part” part”
— “Strangeness enhancement” decreases from SPS to LHC...
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[cc])

Charmonium
CC

Part B —
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NN




VIl.1 — Intro. : charmed hadrons, J/¥ et al.

Total charm cross section and distribution
expected at the LHC in pp

e <LO% J/W mesons JI¥(1S) (cc)
m,,, = 3.0969 GeV/c?

Note :

— Open charm (D mesons)
~ 90 % of the
charm cross-section.

— Charmonium does not
stand for most of
the charm cross section

Courtesy of A. Mischke

but still, hidden charm...
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VIl.2 — Intro. : cumulative difficulties of J/¥

e |n pp e In pA
1. - understand production mechanisms i - Cold nuclear matter effects
2. - understand polarisation (nPDF, absorption)
e.g. Colour singlet model, e In A-A
Colour octet model, NRQCD,
Colour evaporation model, ... 6. - suppressed production (Matsui & Satz, 1986)

3. - prompt J/¥ include decay from
higher mass resonance states

28 .7/ . T— T Xepl1P)
. — . i —_—
_ré // T ¥ — {c1(1P) ’,c( P) ////ﬂ_
hadrons Lal1P) T hadrons
<0 hadrons no~"
adrons -

B Screenlng

f =
/ ‘ <7viis)
18 y/-l-
B Sy 7. - enhanced production at LHC ?

(qq coalescence)

4. - non-prompt J/Y
i.e. from b hadron decays 31/39
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VIIl.1 — Charmo. : phase space at the LHC

e Inpp o InA-A
—ALICE, J/¥ 7 TeV, PLB 2011 — ALICE, J/W¥ Raa Fwd, PRL 2012
—~CMS, J/¥ 7 TeV, EPJC 2011 _CMS.  J/¥ Raa. JHEP 2012
—LHCb, J/¥Y 7 TeV, EPJC 2011 ’ ’
N A
1 2 3 4 1 2 3 4
i I I I I I > [ T | T | ' >
O 8t S -8 o8 S 18
= ! =« :
o’ 1’ o
_ 6+ 16 _ 6 {6
Q Q
51 — 45 5 {5
4+ -4 4 H{a
0 v
3t Wl 3 y*"é 13
2 +ALICE ALICE 42 2 +ALICE ALICE <2
1 -1 14 11
| | | I ~ L I | | | L ~
0 1 2 3 4 rapidity, y 0 1 2 3 4 rapidity, y
ATLAS, , LHCD : higher luminosity, access to very high p_; down to p. = 0 (LHcb)

ALICE : key potential at (mid-rapidity + low p.) + alone at forward rapidity in A-A ... 1239
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VIIl.2 —- Charmo. : J/¥ detection at the LHC

o J/JW > e'c o J/IW — piu
ALICE (mid-rapidity) ALICE (forward rapidity)
ATLAS
CMS
LHCb

—h
<

Eventsx(_gewé)
<
I IIIIIﬂ] [ IIIIIII| I IIIIIII| TTT fﬂ| [ IIIIIII|
2
e
=

Jhp
\JLIL Y(1,2,3S)

CMS Preliminary

2

2

—y
=]
™

Y
o
IIIII|

Ns=7TeV, L =3.1pb"

-
IIIIII|

i,

102
w*u- mass (GeV/c?)

III| | | IIIIII| | 1 IIIIII|
1 10
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VIIl.3 - Charmo.

1

MeV/c?

1

entries per 40

_— LI | L | LI L | LI | L
4000[— O Centrality: 0 - 40% § = pp \s=7 TeV = ,:E
_ TPC only ,,.n’-" hy —+ Same event O ﬁ O
2000— * M | :E: - m
- -};" ’hﬁ* Mixed event -(‘D.., 1 1 0
L & T 0 ‘:H— 1 =
- s o ‘*‘l'."+ ":*; — - _ .-m
sooof “. % ALICE & | + ] 1 %
- a* TN PERFORMANCE (- - 4 =
-~ TPCand TRD combined %, %  2012.01-30 o == s =
6000 =" . T .. =
t “""_ 8 = 10" —— - O
‘ v B QR ERiC MR 4
4000— _ S, .l u 1 o
- Pb-Pb, |s,,=2.76 TeV N Jb: N N 19
- 6x10° events e _ T )
2000— "”'“‘-v?-ﬁ:: » ALICEe’e, |y|<0.9 i ——
j PRI R R T T PRI T | PO IS TR TR T Y TR SO T " ALI{:E “'+U'-? 2_5{F{4_D E ._E;
500F— Signal: 1427 + 262 = CMS, |y|<1.2
~ TPC and TRD combined S/B: 0.021+ 0.004 107 ATLAS Ivl<0.75 —— 3
s00F- Signif.: 5.452 0.14 Fo . 1¥1<0. o
300 — MC shape L1 A L v v v b v by
EIT 0 2 4 6 8 10 12
200
p_ (GeV/c)
100 + + w_ T
OF
100F3 + 1 einppatVs=7TeV
Hly of 1 I L L .
5 2 25 s 85 4 45 e in Pb—Pb at \s ,, = 2.76 TeV
M, (GeV/c?)
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( Conclusion ) :

charm and strangeness
as pieces
of a wide
puzzle




Ccl®.1 = Puzzle : PYTHIA and EPOS

1. MC models (e.g. PYTHIA)
~ constrained by CDF data (at the TeV scale)
= via unidentified particles, essentially.
LHC may have a say ... = join MCplots/Rivet effort !

chrg ALICEinel n=22 EPOS2.07
10 Raq, IleV

5 5 no casc (dashed)
* no hydro (dotted)

(

210 = full model (solid)
=

10

1

1L0Z + 01L0Z DHTDIdIN “JoUIBp\™M

2. EPOS 2.0 = p, (GeV/c)

multiple scattering + Core/Corona + Hydro

\

R
N (9eWc)
o

) dN/dp

NSD
o
rn

(1/N

—
o
5

10

1.5

0.5

Ol_\ II\III|

7000 GeV pp Minimum Bias

Herwig++ 2.5.2, Pythia 6.426, Pythia 8.157, Sherpa 1.3.1

PT(E) Iyl <2)

B CMS
9 Herwig++
Pythia 6
—&— Pythia 8
+ Sherpa

NIRRT RN R RRTT
S10[dDIA

CMS 2011_S8975280 T

mcplots.cern.ch

2

6
o) P, [GeV/c]

Ratio to CMS

OI_I‘\I'I

mr‘l‘ml.l.

Put it to the test : description of strange hadrons ? w/o hydro, w/o mini-plasma, ... ?
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Ccl®.2 — Puzzle : Au-Au vs pp >

{p;? in pp 7 TeV comparable

STAR, 10.1103/PhysRevC.75.064901 with or higher than
,.a 1 _6 (rrr[rrrrrrrrryrrrrrryrrrrrrp o] STAR data
S - ALICE Preliminary , .[. N in central Au-Au
1.4 Ny -' B -
8 - uncert. =\ stat® + syst® ii' F ] at \/SNN =200 GeV
— — e ¥~ 0 ' . 1:1' =
A 1 2 v T . +,’ i B =
= N Ve-S B s T S
%‘ 1 — . r"- 7;’«' .:1 ] o, B |J5H Parameterization
_ HEE i i"i' : e - or1.2
B . I' 4% o Pl i v
08 H R I = I
u O e benn™ N 0.8
0.6 [— It —m ALICEpp 7 TeV | — B
- . e -~ ALICEpp 0.9TeV | 7 08
0.4 — ¥ .7 -#-- STAR Au-Au 0.2 TeV<¢— 0.4l
- T [ ISR parameterization| - B
- . . — 0.2f 0 * - -
0.2 — i K;:I p K o A §+ v [} | / - E; p Kﬁlh _:\‘ = Q
_I 11 | 1 1 1 I | t(si I 1 1 1 I | IFIJ | 1 1 1 | 1 |I:'| | 1 11 | 1 11 I 1 1 I_ 00'Ilol'zllh'ldl'Ib[IIlo'la“lI“lllllll'zllll'lidllaléll‘l'lalllz
0 Mass [GeV/c?]
0 0.2 04 06 0.8 1 1.2 14 16 18

2
2) — What is about {p.> in

Particle mass (GeV/c
Pb-Pb at \s,, = 2.76 TeV ?
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Ccl®.3 — Puzzle : some otherR,,

L o L AL B A 1y —
Pb-Pb =2.76 TeV Bﬂ—éﬂ% 40 Sﬂ.a{: A . . .
X et eTee mo- ®¢ C‘ peripheral Pb—Pb collisions
...... id ?r* .....Prefiminary | @ most central Pb—Pb collisions
1_5 T T T I T T T | T T T | T T T T T I T T T I T T T I T T T I
n:ﬁ | Pb-Pbaty\ s, =276 TeV 0-5% 0-20%
{)] .

= : ]

I Ll it
0 L | | | PR 1 | | B
o 2 4 6 8 10 12 14
P, ((
Charmed D mesons - I
0.5 - IR
1. ... suppressed (R,, < 1) A :
2. ..to alevel close to - B 'm
7 suppression level... F K e -mﬁnm—— i
PRI S A SN SRS NS TN S NN SO SO TN NN N NN NNNTN SN NN S N SN
Does it mean ¢ behave like u,d quarks ? % 2 4 6 8 10 12 14 16

P, (GeV/c)

B. Hippolyte (ALICE)
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Ccl®.4 — Conclusion : map of flavour physics.

Completing the picture :

1. - Particle wise ...

— strangeness related :
K*, K%, A
+ resonances ¢(1020),
A(1520), £*(1385), E* etc
— charm related :

D meson, charmed baryon...

2. - Analysis wise ...

—inpp:
azimuthal correlations,
studies in multiplicity,
Underlying Event vs. jet...
—inA-A:
elliptic flow,
polarisation

February 2012

Higgs quark mass (MeV)

1 o
‘Higgs Vacuum @ ?
105 :_.Electrm?eak symn;letw. hreakJ;ng ..... ...... S
o | 3
; ; ge)
i P h 2
10 4 R R . ‘ . } §
' : P it B
1 ol 3
10 3| . <
: | s
| =3
10 20 i ‘7”**3
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1 d o QCD Vact
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Total quark mass (MeV)
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Appendices




A.3 — Comparison : Perugia 2011

— The default suppression of strangeness in association with popcorn mesons (PARJ(6)
and PARJ(7)) was removed to help improve = and 2 yields at LEP [104]. (Note,
however, the consequences of this on particle-particle correlations have not been

Tuning Monte Carlo Generators: The Perugia Tunes

095 < http://arxiv.org/abs/1005.3457

checked. )

Parameter Type | Perugia 0 Perugia 2010 | Perugia 2011 (All)
MSTP(5) Tune 310 327 350 359
MSTJ(11) HAD 3 5 i}
PARJ(1) HAD 0.073 0.08 0.087
PARJ(2) HAD 0.2 0.21 0.19
PARJ(3) HAD 0.94 0.94

PARJ(4) HAD 0.032 0.04 0.043
PARI(86) HAD 0.5 0.5 1.0
PARI(T) HAD 0.5 0.5 1.0
PARJ(11) HAD 0.31 0.35 0.35
PARJ(12) HAD 0.4 0.35 0.40
PARJ(13) HAD 0.54 0.54 0.54
PARJ(21) HAD 0.313 0.36 0.33
PARJ(25) HAD 0.63 0.63 0.63
PARJ(26) HAD 0.12 0.12 0.12
PARJ(41) HAD 0.49 0.35 0.35
PARJ(42) HAD 1.2 0.9 0.80
PARJ(45) HAD 0.5 0.5 0.55
PARJ(46) HAD 1.0 1.0 1.0
PARJ(47) HAD 1.0 1.0 1.0

Table 5: Hadronisation Parameters of the Perugia 2011 tunes compared to Perugia 0 and Perugia 2010.

[14] PYTHIA 6.4 Physics and Manual
http://arxiv.org/abs/hep-ph/0603175

Parameters that were not explicitly part of the Perugia 0 and Perugia 2010 tuning but were included in
Perugia 2011 are highlighted in blue. For more information on each parameter, see [14].

PARJ(6)

PARJ(7)

uration.

February 2012

(D = 0.5) extra suppression for having a s§ pair shared by the B and B of a
BM B situation.
(D = 0.5) extra suppression for having a strange meson M in a BMB config-
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A.4 — After comparison : Z1C ?

PARJ (1)

: (D =0.10)is P(qq)/P(q), the suppression of diquark-antidiquark pair produc-

PARJ(2)

tion in the colour field, compared with quark—antiquark production.

: (D =10.30) is P(s)/P(u), the suppression of s quark pair production in the field

compared with u or d pair production.

PARJ(3)

: (D =204)is (P(us)/P(ud))/(P(s)/P(d)), the extra suppression of strange di-

PARJ(4)

PARJ(5)

PARJ(6)

PARJ(7)

quark production compared with the normal suppression of strange quarks.
: (D=20.05)1s (1/3)P(ud;)/P(udp), the suppression of spin 1 diquarks compared

- . -
'Frn'nn o rmviimtimn -‘T“\

with spin 0 ones (excluding the factor 3 comin
: (D = 0.5) parameter determining relative oc
BM B and by BB configurations in the simple
roughly P(BMB)/(P(BB) + P(BM B)) = Pl
subsequent baryon parameters are modified i

Z1C Rick Field (CDF, CMS) :

Z1 tune +
PARJ(1) =0.12
PARJ(3) = 0.8

— MB & UE working group (June, 17th 2011)

see section [14.3.1.

: (D = 0.5) extra suppression for having a s§ pair shared by the B and B of a

BM B situation.

: (D = 0.5) extra suppression for having a strange meson M in a BM B config-

uration.

February 2012
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B-7TeV analyses :
three COMpPAarisons
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B.1- Comparison : ALICE, CMS, STAR
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B.2—- Comparison : dN/dy, <p) = f(\'s)

e il T
= pp collisions B L -
— 2| i P
R - ¢ ]
prd L _
© B _
10° & -
10* =
:I II L 1 L 1 =
S L' ALICE Preliminary | E .
> 14F - —
o, - @ ]
S 1.2¢ E E% ]
A 0 i .
D_ L F‘_H_d-f' —
\; 1'_ % F o i
0.8 L e =
0.6~ RHIC LHC LHC
B 200 GaV Q00 GeV 7 Tel ]
0.40 —— — ——

10 10°

Talk A.Maire, SQM 2011
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STAR, Phys.Rev.C75:064901(2007),
CMS, JHEP 05 (2011) 064,
® =' ALICE Inel
A = CMS NSD
{ Z', STARNSD
— — =%, PYTHIA Perugia 2011
B 0" ALICE Inel
Q*, STAR NSD

------- O, PYTHIA Perugia 2011

1. dN/dy = f[ (\s)" ]
2. increasing <p) with (\s)

3. trend ok in PYTHIA tunes ...
but magnitude # ok

— Note : normalisation to NSD
for CMS and STAR
(INEL for ALICE)

| 4
Vs (GeV) U — data 7 TeV: (p)(Q¥) = 120% <p)(Z*)
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B.3- Comparison : (/=) =f(p)

Cost of adding one strange quark to a baryon ?

g 0_25 T T T T | T T T T | T T T T | T T T T | T T T T | T T . . . .

i Q /% in pps = 7 TeV ALICE Preliminary = easier at high p,/ more difficult at low p, ?
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ratios quite difficult to reproduce clearly in MC ...
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