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nke Outline

PARis/2010\ .

* Physics motivations
* ALICE experiment

* ALICE capabillities

— Open heavy flavour
— Quarkonia

* First results from 7 TeV p-p collisions
« Conclusions

* Disclaimer:
— muon spectrometer biased

— other heavy flavour results in
* G. Bruno, session 05 - 22/7
* A. Grelli, session 05 - 22/7
* R. Bailhache, session 05 - poster
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icuge Heavy flavours

PARis/2010\ .

* In Pb-Pb collisions: probe the properties of the medium
— created in the hard initial collisions
« experience the whole collision history
— possible comparison heavy quarks/light partons

* energy loss:
AEg > AEU . > AEC S AEb dead cone effect (mass)

Casimir factor (colour charge)

1 dN ., /dp,
dN - /dp,

R (P) = medium density and size -~ R,, <R, <R,,

N

coll

* In p-p collisions:
— baseline for Pb-Pb
— measure charm and beauty cross section
— compare to pQCD predictions
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o Quarkonia, heavy ions and the QGP?

PARIs/Z0ION -

NAS50, Scomparin's talk at QM06, O<y<1
@] NA38, Scomparin's talk at QM06
o NAG0, Scomparin's talk at QM06
u
o

* A long lasting story... &
— 1986, Matsui and Satz: J/y

PHENIX, nucl-ex/0611020, Au+Au ly|e[1.2,2.2]
PHENIX, nucl-ex/0611020, Au+Au |y|<0.35

Suppression as a QGP Signature S —— ‘
— NA38, NA50, NA6O at SPS

— PHENIX, STAR at RHIC o8

T,
LT

e ... and many open 0.6

questions | oal : } I
— similar suppression at RHIC - - F " E E
and at SPS 0.2 i
— larger suppression at larger T
rapidities % 50 100 150 200 250 300 350 400

. Nart
— cold nuclear matter effect (still) ’
weakly constrained
Y ... and then??

— statistical hadronization,
recombination?

The LHC might enlighten us ...
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e The LHC and its features
+ Large energy step (RHIC x30) [N ESS sy
— A QGP that will be 200°GeV

+ hotter, - 600 wev
* longer lived, lifetime < 2.fmlc 2-4fmje_ | >10 fm/c
« earlier thermalized. s
— Large hard probe production
Cross-sections
L Pb-Pb._.. i
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tcuge ALICE

» Central barrel (|n]|<0.9) * Muon spectrometer (-4.0<n<-2.5)
— Open heavy flavour — Tracking: — Open heavy flavour ~ — Absorber
* hadronic channel ITS+TPC+TRD » semi-leptonic — Tracking chambers
« semi-leptonic decays — PID: TPC+TRD+TOE decays (M) — MUON Trigger
() o — Secondary vertexing: ~ — Quarkonia
— Quarkonia ITS o utu
> e'e
’ ,
i . TRACKING
~
T : / MUON
PMD i . /
¥ " ‘,-:,:‘ “
I/ TRIGGER
|
MAGNET
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PARIs/Z0ION -

d%°dp dy [mbiGeVic]

do®(p, > p"")/dy [mb]

Heavy flavour measurement potential

Comparison with pQCD

Energy loss studies

_||||||||||||||| |||||||||||| ||||||||||||_ D h
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icHEe Muons from charm at forward rapidity

PARIs/Z0ION -

* Unfold single muon p, and dimuon invariant mass spectra
* No dca cuts = use large statistics to constrain the fits

pp, single muon p,

T f _
i - ;_ MC Total \
= F — n« charm
z — U < bottom -
10°E E k.
5 E charm
: : pp
o E B~ 1 |
: 5 F E@% MC
- ;-___ [ )
wp o [ . 2.5<h<4,p, >3 GeV/c
l | I Lol | Ll 10_15_ EI'- 9X~1O-5
0 2 3 6 8 10 12 14 16 18 20 - 1
pt{GeWc) — _E'
pp, di-muon invariant mass - El
¥ F 102
E C MC total - B! §
8 Wh* < correlated charm - ril_‘
EE?.“, = wu* « correlated bottom - input distribution L N
Z B T X | e
N ' 10—3 § v reconstructed distributlon — p* (sys. err.-2tl%}' T -
L t § RO, - -
10 - i m '*aw* /| B u reconstructed distributlon «— p (sys. err.~15%) et
* { i"'lgi" ﬂ B L L L | L L1 L | [ L L | [ L L | L1 | L | L1 I L |
LN w.._,“_ 0 5 10 15 20 25 [Gevi[]]
10? l ".||I||| pt
i ‘ } ."ﬂ 1 month at reduced luminosity
N3 (1080 cm2s1, 7 x 1010 pp events)

M, . [GeV/c]
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icue Secondary J/y

PARis 2010\
* X.: contribution ~30% * B mesons: contribution ~20%
— X.—J/p+y — B>J/py+X
 J/y in dielectron channel * Non photonic electrons
* y in y-conversion » a la CDF: simultaneous fit
— Invariant mass distribution
— Pseudo proper decay time
o T T T | Pseudoproper decay time 2<p <3. | ZZ:Eng;:?fizz
%-J - MC 1 XCZ £ [ : Mean A 56.92
EIODO_— J § L MC _ tot J/LIJ RM:S 3225
-:_, C Xe1 510.7 w3 . ... Cu— i
@ 800— ' ERNE - J/L|J from B
8600; 14 /o -
C ] . . . 10.85 : L TN U S
400— d — el - Hiay
200:— j '\ | |
- 10° E_ i Rl
0:””M¢¢+*+ #ﬁ * ﬂ**# +++m*w¢ #* ¢# ; ﬁ n : _.
_' 0!2 — lo.l4 0.6 o.a 1 12 lm L x e MF :

T 1 : L i = ' ' 2 H
AM (GeV/c?) 102000 -1500 -1000 -500 0 500 1000 1500 2000 2500 3000
Lyy (Jw)ip (S y)*M I/ ) [um]

— feasible in pp collisions

« ~7K X, but requires a trigger strategy — In muon arm |
which is under study « method using 3 muon events is under
study

e ’: contribution ~10%
— challenging

W 4 Javier Castillo ICHEP2010 — Paris, France — 22/10/2010



ke Quarkonia: what could be achieved

PARIs/Z0ION -

« Upsilon measurements  Polarization
— Separation of family states is — Angular distribution of p+ in the
possible (100 MeV resolution) guarkonium rest frame.
e T 1 T R A R T
T A deos O, o
0.3 ............. ..... ~ j 1 trangvjerse
+ + + o A= 7 2% o 0  no polarization
: - No suppression o, t20, L o
0.2 '—Suppre”ssmnl' ...... -1 longltudlnal
- ;Suppre;ssion 2 |__Y1S - Polarization reconstruction _|
0.1 f : ¢§ : : } ; MC
P — —
fiteuig . N . 1 E ]
] & Suc BLE Ba0 Ade o8- .. O, Bowuimzan
No.n - S ;
— Good sensitivity to “suppression” VP i °
scenarii e e G Wsamnionit
* Suppression 1: T, = 270 MeV, as ]

Tp/Te = 4.0 (1.4) for Y(Y');
« Suppression 2: T = 190 MeV;
To/Te = 2.9 (1.1) for Y(Y’);

— Y polarization
« 1 nominal year for integrated studies
» Several years for differentials

" Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 10
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PARis/2010\ .

First results from 7 TeV p-p collisions

| Integrated triggers |

500

(=] £ £
3] = o
(=] (=] (=]

Integrated triggers [millions]

e

250
200
150
100

50 —

« CINT1B: interaction trigger
— at least one charged particle in 8 n units
« CMUSIB: single-muon trigger:

— forward muon in coincidence with
interaction trigger

—&— Total recorded events
.., —=— Total CINT1B triggers
—=—— Total CMUS1B triggers (x20)

Further background-event rejection is
performed offline by selecting events
which:

1. have the correct event type (physics);
2. trigger on bunch crossings;

3. fulfill at least -one- of the three following

: conditions:
) 29/04 13/05 27/05  10/06 o807 a) 2 fired chips in the SPD*
Date/Time b) 1 fired chip in the SPD* and a beam-beam

flag in either VOA or VOC**
c) beam-beam flags on both sides VOA and
VOC**;
4. are not flagged as beam-gas by either VOA
or VOC**,

* calculated offline from reconstructed clusters
** calculated offline from the VO signals

Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 11
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Open heavy flavour: D mesons

PARis/2010\ .

PP\S =7 TeV, 1.4x10° events, p" > 2 GeVic 8
~ >
L - [

- =
Eooo - @ o
e I . o @
Z 800 auice peformance | Observed differentially in p; <
8 I 13/07/2010 * up to p;=12 GeV/c L
€600 « down to 1 GeV/c for D°
W Mean = 1.867 = 0.001 N

- p

400~ Sigma = 0.014 + 0.001gjgnificance (2 6) 21.3+ 1.2 | %
L o
- S (2 5) 1486 + 82 2
200 g
- B (2) 3380 + 32 5
0 B 1 1 1 | 1 1 11 | 1 1 1 1 | 1 1 1 1 | 11 1 1 | 1 1 1 1 | 1 1 1 1
175 18 185 19 195 2 2.05

wi

Invariant Mass (Kr) [GeV/c?]

ppVs=7 TeV, 1.41 x 10° events, p?*> 2 GeVlc

N N
o (2]
o o

-
(2]
(=)

100

50

ppys = 7 TeV, 1.4x10° events, p?o >3 GeVic

L]

D’— Kr'n*

ALICE Performance
19/07/2010

ty 4

Mean = 1.864 + 0.002
Significance (20) = 6.2+ 0.3

S (20) = 211+ 31
B(20)=933+12

Sigma = 0.015 + 0.002

Invariant Mass (Kxzn) [GeV/c?]

ppvs=7 TeV, 1.40 x 10" events, P} >2 GeVic

% [T TT ‘ T -I‘_ T | IKI_\ \+‘ \+\ T ‘ T 1T ‘ LI ‘ 1T 1T %300: “ ‘*‘ T ‘ ‘0‘ o ‘ T | T I@ T i
S 180 TR ] it N + -
£ [ ALICE Performance @ 1 = L D —»D7 : ]
w0l 13/07/2010 1 Sl 7
—(; - 7 v I Significance = 20.2+ 2.5 ALICE performance ,
2 1401 — e r 15i07/2010 ]
t r ] o0  S=662t26 _
I-um; Mean = 1.870 + 0.001 Significance (20) 18.2+ 1.1] W ]
Expected to cover 100[— Sigma = 0.0130.001 $(25)508+30 150: . é
0.5 < p; <15 GeVic a0l + B(20)273:8 C
th 10° events 6 j + B 100
r - r 3
401r + ] - g
F + n 7 2 50— Mean = (145.44 + 0.04) MeVie™] §
) 20 + +__§ L Sigma = (6101 M) keV/c? | g
See A. Grelli N A A A D B B T = 0_‘0‘1‘3‘5”(‘)14“‘61‘4‘5Hl‘.'l|15”|(l‘1|5|5”l“.l“lé‘_
H 1.7 175 18 185 19 195 2 2.05 . . . . - -
Session 05 — 24/7 Invariant Mass (Knn)[GeV/c?] M(Kn)-M(Kr) MeV/c?

e

v e v b b v by v e by
9.7 1.75 1.8 1.85 1.9 1.95 2 2,05

Javier Castillo

ICHEP2010 — Paris, France — 22/10/2010

12

PWG3-D2H-015



icHER Open heavy flavour in the electron channel

PARIs/Z0ION -

« Compute the inclusive cross section using electrons

* For high p+, the contribution from charm and beauty becomes
dominant

* Essential ingredient for the analysis: electron Identification
— For the moment: TPC + TOF
— Hard work to add the TRD is going on!
— EMCAL will also contribute

G00-34H-E9Md

. TPC signal for all candidate tracks Single electron inclusive spectrum (uncorrected)
5 F - = w
3 F z =
< 110 S 0 a pp @Ns=7 TeV
5 F _ L S 10° ) E . A, 1.6 x 10° events S
% 100 7. ALICE Performance | 4 S - + U o
o 90: e 7010 3 2 L .
= S i = R © .
- - Y ALICE Performance
80 10?° B|S . 15/07/2010
e —a—
C Ca
" 10* = ——
c = e
. 601 10 - e
T : [ A —h—
g 50— - e
o — [— [ Y—
E 40:_ 1 _'I__ 1 R L 1 - § —h———
0.2 03 04 0506 1 2 3 4 i
TPC signal after a 30 electron P [GeV/c]
I i n fr m T F i n I 103 CT 1 | | | 1 | 1 ‘ | | 1 1 | 1 | | | | | 1 1 1 ‘ 1 | 1 | | 1 1 | | ‘
selectio ° OF signa 0.5 1 1.5 2 25 3 35 GeVl
. evic
See R. Bailhache Py [GeVic]

Session 05 — Poster
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o JIy in the di-electron channel

PaRIs/Z0ION .

«110M p-p events at 7 TeV
— 1/3 of available statistics

* Track reconstruction

—TPC+ITS
 Electron identification (and pion rejection)
—~TPC
— TRD could be included later N
. ] ] . ":; B e
« Fit with a Cristal Ball function £ Nm,-sgm _
wn ; ;
o |n|<09 %25 I ............ Sl'gﬁ'ifwﬁ'a'ﬁﬁé" ﬁ?2+114
£ SIB 322+1 62 | !
B 20 i e e P L
&
A5 bbb o o w ldth 51:':10 MEV"Q ........................

10T

| 1 | | 1 1 1 | j ) |I |I | | | 1 | 1 1 1 ~ |
See G. Bruno 073 . 3.2 34 36 38 40
Session 05 - 22/7 Invarlant Mass of e*e” palrs [GeV/c?]

% 4 Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 14



e Measurements with the forward muon spectrometer

PARIS/Z0I0\ .
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e Open heavy flavour from single muons

PARis/2010\ .

« Trigger matching -
L + e
— Iron wall stop hadrons produced in the - . PTP @\s=7 TeV
absorbers .
. v = e ALICE Performance
* Distance of Closest Approach - . 07/06/2010
— Could be used to separate c and b g - .
signal from 1 and K background (using 8 102 4+
simulations) s E -
T E R T
;105 ;—_ pp @Vs=7 TeV %T%'n__ t ++
‘g E_— - MB data w/ -4<n<-2.5 = + +
Em“_— _ ___ 17.6 cm<r_ <80 cm A| |CE Performance E ,.L(_Charm & bOttom ‘T‘ ‘T‘
ZHS = _ 09/06/2010 - o _
g [ _ — 'Funcorrected P, distribution
10° = — -
= - T R S N N [ I RN T B I L
- _ ~. 2 4 6 8 10 12
C - P, [GeVic]
02 - - o
v +, * * 1 and K contribution
- + N — subtracted using Pythia simulations
10 +14 normalized at low p;
ST v 4 T ) » ¢ and b contribution
L wssermaening. |11 L T 1R — dominates for p;>2 GeV/c

O m

50 100 150 200 250 300 350 3
DCA [cm]

PWG3
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i J/@ In the di-muon channel

PARis/2010\ .

ppys=7 TeV - Without alignment pp Ys=7 TeV - First alignment

70 @ 70
60 60

N ALICE Performance C
50— + + Without alignment S0 +
40

40

Q

ALICE Performance

First alignment

303— 303—
zof— zof—
%E: 10;_ o, =232 =50 MeV ++ 10;_ G, =91 £ 9 MeV + ++
2103__ 0III|III|III|III|III|III|III|III|IIlllllb‘l nIII|III|III|III|III|III|III|III|IIlllll+bi
© - 2222426283323436334 2222426283323436384
O M., (GeVich) M_w,{GeV,"c )
r ALICE Performance
i 20/07/2010 . .
- * The alignment of the tracking
chambers is a critical step for
10° the J/y measurements

— First alignment: straight tracks
from B=0 T data

| ptp at\s =7 TeV Oy (MeV)
1010, =944 4 Melie? Without alignment 230

- First alignment 90

C | L1 1 | L1 L1 | 11 11 | L1 1 | | | L1 1 |

2 2.5 3 3.5 4 4.5 Target 70

mL (GeWc )

% 4 Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 17
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icuEe Transverse momentum dependence

PARIs/Z0ION -

g L 0<p_<1GeVic

10}

[ ALICE Performance

20fﬂ?'l2ﬂ1ﬂ|
1l 111 11

I IV A 1 N
2 2.5 3 3.5 4 4.5

M., (Gevic®)

g £ 4<p_<5GeVic

1o

111 1 111 | 111 1 1 1 11 111
2 2.5 3 3.5 4 4.5
M, (Gevic’)

2 25 3 35 4 45
M, (Gevic?)

%i £ 5<p_<6GeVic

111 | 111 1 111 | 111 1 . L 111 1 .
2 25 3 35 4 45
M, (Gewic’)

g . 2<p_<3GeVic

3< P, <4 GeVic

dNidM,

1 1111 1111 11 1 1111 1111
2 2.5 3 3.5 4 4.5 2 25 3 35 4 45
M., (Gevic®) M, (Gevic?)

e
[

g £ 6<p_<8GeVic

M, (GeV/c?)
S o
)

&
>

ALICE Performance
20/07/2010

0.14

3
R
G

— .

o.1§ T:%::%:'

10

0.041 e Data

0_02; & MC, residual misalignment

|||||H|| gl b by Lo b b Ly L
3 is 0 1 2 3 4 5 6 7

8
2 p_ GeVic
M, (Gewvic’) T

The width of the J/p peak is well reproduced
by our Monte Carlo including residual
misalignment and other realistic conditions!

%. Javier Castillo
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icuEe Monte Carlo comparison

PARIs/Z0ION -

The acceptance and efficiency corrected distributions are

compared to generated MC distribution

3 pp = JIy+X,Ns=T TeV | 3
5-103 B 2.7<y<3.8 8
2 [ )
) - D, .3
= - ALICE Preliminary =107~
Z B T B
i | |Mc, CDF extrapolation I
L Data - ALICE Preliminary
- a -
10 -

pp — Jiy+X,\s=7 TeV

| |MC, CEM calculation
+ Data

102
o 1 2 3 4 5 6 71 8 2.8 32 34 36 3.8
p_ (GeV/c) y
* “CDF pp 7TeV” parameterization
— p; extrapolated from CDF results
—y obtained from CEM calculations
— No polarization (A = 0)
%. Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 19



ICHE(’

PARIs/Z0ION -
= pp — JIy+X,Vs=7 TeV
8 3| 2.7<y<3.8
|—10 [ [ ]
o -
2 B ALICE Preliminary P2\
z L T ﬂﬁ{ p x 1+ _T
T i dpr T P,

OF

3 ICHEP2010 — Paris, France — 22/10/2010

102

x=32207

(p2)=9.4""7 (statrsyst fit) (GeV/c)®

0 1 2 3 4 5 6

* Quoted uncertainties include
systematics from the fit function

* Full systematic uncertainties are
being evaluated

7 8
P, (GeV/c)

Transverse momentum distribution

To extract <p;> we use the fit function first
proposed by Yoh et al., PRL 41 (1978) 684
and also used by previous experiments

~ 12
0 - ® ALICE Vs = 7000 GeV 2.7<y<3.8, pT<8 GeVic
% : PHENIX s = 200 GeV 1.2<|y|<2.2
9,10 i PHENIX vs = 200 GeV |y|<0.35
n':\l— - ™ HERAB Vs = 41.6 GeV
\?' - ¥ EB66 \s = 38.8 GeV
B: O NAS50 \s = 29.1 GeV
| 4 NA3\s =194 GeV
- O NAB0 Vs =17.3, 27.4 GeV
6
B T
— i
2~ v
L [
- o ALICE Preliminary
0_ IIIIIII| | IIIIIII| | | I I |

102 10°

10*

51 2

20



ichpe Conclusion

OOOOOOOOOOOO

* The LHC provides a new and promising environment for
the study of open heavy flavour and quarkonium production

* ALICE is well suited for the study of heavy flavours
— Two rapidity domains

 Exciting results from first pp data at 7 TeV
— J/psi transverse momentum distribution

« Coming soon
— J/y differential cross-section
— Corrected open heavy flavour measurements

 Looking forward for Pb-Pb data et the end of the year

%. Javier Castillo SQM 09 - Buzios, Brazil — 29/09/2009
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PARIs/Z0ION -

The LHC and its other “features”

* Only 1 month per year for the heavy ion program
— Including pA or lighter ions

* Lead beam luminosity is limited by the magnets “quench
limit” due to EM processes induced by PbPb collisions;

 Large contribution from B-hadron decays to charmonia
yields
— ~20% for J/y

e Cold nuclear matter effects are not well under control
— Could try different normalizations
— Will be measured with pA runs

* Heavy lon running plan (1 month per year)

— First 5 years: 1 PbPb low luminosity, 2 PbPb runs at nominal
luminosity, 1 pPb and 1 lighter ion runs

— Next 5 years (based on results): lower energies, pp at 5.5 TeV,
other AA or pA, more stat ...

W, Javier castillo ICHEP2010 — Paris, France — 22/10/2010
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lCHﬁpe

PARIS 42010\ .

acceptance ()

acceptance (%)

Quarkonia in dielectron channel

—
S
&

—
S,

a
TR =

Entries/(Events*GeV/c?)

—
<
<«

all contributions

BG from open charm

BG from open beauty
BG from misidentified ‘s

uncorr. BG (like sign)

0 2 4 6 10 12
Invariant Mass [GeV]
J Y
Mass resolution ~30 MeV/c? | ~90 MeV/c?
Signal/Noise 1.2 1.0
Counts (nominal PbPb year) 10% 120k 900

Javier Castillo ICHEP2010 — Paris, France — 22/10/2010
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ICHEP

PARIS/Z0I0N -

acceptance (%)
N & O ®
Q0.9 O

<

acceptance (%)
g (2]

Quarkonia in dimuon channel

Enftri

V/1076 s

? T

10

8 85 10 1D
Be<b< 9f —all
10° A m —-—(bE)uncorr
mpp (G eV/@)corr TH-EH (GeV/CZ)
Jy Y
Mass resolution ~70 MeV/c? | ~100 MeV/c?
Signal/Noise 0.3 2.5
Counts (nominal PbPb year) MB 680k 6000

%‘ Javier Castillo
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ALICE performances in g*u-

O<b<3 fm
State | S[10%] | S/B S/(S+B)12
J/¥Y 130 | 0.20 150
¥ 3.7 0.01 6.7
Y(1S) 13 17 29
Y(2S) | 035 | 068 13
Y(3S) | 020 | 048 8.1
6<b<9 fm
State | S[10%] | S/B S/(S+B)12
J/¥ 200 | 049 250
b 3 55 0.03 13
Y(1S) 20 3.6 39
Y(@2s) | 052 | 14 18
Y(3S) | 0.28 0.95 12

b>12 fm
State | S[10%] | S/B S/(S+B)12
J/Y 22 3.14 130
W' 0.6 0.18 9.7
Y(1s) | o021 9.5 15
Y(2S) | 0.06 3.6 6.5
Y(3s) | 0.03 19 42

ICHEP2010 — Paris, France — 22/10/2010
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i Quarkonia: what will be done
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Particle Identification

Ay
TOOJ' L L " T L UL LR -E-1EIEIIJ_|-|- ™ ||II'T| T
- - = E_ ALICE performance -
600 = pp@ 7 TeV E § 9|:|l:hE work in progress .- !
500 [ = 3 5”'32_ @\'s = 900 GeV (2009 data) [ g2
- = E 700 3
400 - ALICE performance — W 600 N
C t work in progress 7 o = -
300 |- = 500 =
200 = 400 <10
- - 300[— -
100 - -
----------- 200f -
[ R e N 100_;-
3 -2 -1 0 1 2 3 et e R
] L T T T o —
-2 -15 -1 -0.5 0 05 1 1.5 2
ngldlty (GeV/C) ) momentum * sign [GeV/c]
10?
L T
1 (-
0.8—
o T s ;‘jg"fg;g‘fm o Complementary momentum coverage
- p+p at Vs = e a
0.6 —
04— ¢
L1l I-i":l Ll 1 | | L1 | L1 1 | Ll 1 | | Ll 1 | Ll 1 | L1 1 1 | 1 1
0 0.5 1 16 2 25 3 35 4
momentum p (GeV/c)
Javier Castillo ICHEP2010 — Paris, France — 22/10/2010 28




1

icHEr DY Invariant Mass Spectrain p; bins
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icHEp D* Invariant Mass Spectra in p+ bins
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icHEp D" Invariant Mass Spectra in p; bins
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