o

Ok

First Physics
with ALICE

Harald Appelshauser

for the
ALICE Collaboration

Institut fur Kernphysik
Goethe-Universitat Frankfurt

GOETHE E
UNIVERSITAT

FRANEKFURT AM MAIN

»

Harald Appelshauser, CBM week, April 14,

2010



CERN Large Hadron Collider

| * 4 large experiments

.| « ALICE dedicated
to heavy-ion physics
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ALIC

Central Detectors:

Inner Tracking System 100%
Time Projection Chamber 100%
Time-of-Flight 100%
Transition Radiation Detector’ 39%
Spectrometers:
o RICH 100%
= Photon Multiplicity 100%
Forward Multiplicity 100%
A Photon Spectrometer 60%
~... Muon Spectrometer 100%
| Calorimeters:
I8§ Zero Degree Calorimeter 100%
“* EM Calorimeter* 36%
! Trigger:
Trigger Detectors 100%
pp High-Level-Trigger 100%

“upgrade to the original setup
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commissioning and calibration

24/7 cosmics DAQ 24/7 cosmics DAQ
detector installation calibration detector installation calibration @

~500 M events

First barticles 1st Circulating LHC LHC back first collisions

from machine beam Lincident” 15.7.09 23.11.09
15.6.08 10.9.08 11.9.08
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Inner Tracking System ITS

SSD

SDD

SPD

cm

¢ <<

R.=43.6 cm

6 Layers, three technologies (keep occupancy ~constant ~2% for max mult)
Silicon Pixels (0.2 m?, 9.8 M channels, starting at r = 3.9 cm))
Silicon Drift (1.3 m2, 133 k channels)
Silicon Strip (4.75 m2, 2.6 M channels)
Material Budget ~ 1% X/X, per layer
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Inner Tracking System ITS
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Inner Tracking System ITS

p+Si* collision
* or other detector- material .-~

on June 15, 2008 the SPD has seen the
first sign of life during the beam injection

test... A o = 1
N /11.09.08
...and the first collision on Sept. 11, 2008! N gy run 58338
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ITS calibration

alignment with cosmic tracks

| SPD: top vs bottom track |

h
LA BN B B -
E Entries 11987
450; Mean -10.67
4005 RMS 3108
- after 21 ndf 104.4 / 42
3505_ a“gnment rob 3.153e-07
3005 Constant 422+5.7
- Mean =2.098+ 0,605
2501 Sigma 56.38+0.57
200F = . _
" F before : SPD alignment:
100k alignment E
sq 1 *0,=12 um
1« impact parameter
-$boo -2000 -1000 0 1000 2000 3000

resolution ¢ ~56 um
* misalignment < 10 um

track to track distance in xy [um]

—> close to design values
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Time Projection Chamber TPC

central electrode (100 kV) 85 m3

NeCO,N,
(90/10/5)

Inner
Readout
Chamber

Outer
Readout
Chamber |

* 557,568 readout channels

* 92 yus maximum drift time
* 10 bit ADC at 10 MHz
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Time Projection Chamber TPC
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TPC calibration

¢ TPCinstalled in ALICE since 2007, running continuously from May to October 2008 and
August to December 2009

¢ >750 million events (cosmics, krypton, and laser) recorded, with and without B
¢ first round of calibrations (dE/dx, momentum, alignment, gain) completed before

collisions
cosmic shower event laser event 83Kr gain map
250,
200 k3 - 12
150 1 Wi
100= ‘% § 1
F -
50— _‘;'}') 5 0.8
5o At T
‘;5027 B - 0.6
W -100? ‘ \F‘ l‘ e 04
/ 50— ' - 0
] 200 \ '
4 :

b v b By el b b e
0 -200 -150 -100 -50 0 50 100 150 200 250 0
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first collision on Nov. 23 2009
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[ 4504 Active trigger classes: CSMBA-ABCE-NOPF-ALL CSMEE
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[ Y.

-20




The European Physical Journal volume 65 - numbers 1-2- January - 2010

_g 5_ T T T T ]
"‘1_—0 _|
z | i
4_ —
T4 4 A4 A L4 4 ]
A ﬁ—‘_# A+ R A n]
B 5TE ala ]
% A 4,5#'7 A
3? A—EP— A -
2 .
- Vs = 900 GeV |
- = ALICEppNSD & UAS5ppNSD ]
© ALICEppINEL 2 UAS5 pp INEL ]
B Il 1 1 Il | Il 1 1 1 ‘ Il 1 Il 1 ‘ Il 1 Il 1 B
05 K 0 1 2
n

—> first LHC physics paper
submitted on Nov. 28 2009

ALICE Collaboration
Eur.Phys.J.C65:111-125,2010
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ALICE in full glory

* on Dec. 6 2009, stable beams declared
- switch on all ALICE detectors

g until Dec. 14:
@S - ~300k pp events at 900 GeV
g recorded with B=0.5 T and
all ALICE detectors
included!
« ~40k pp events at 2.36 TeV
|  SPD only

- detailed detector
validation and
first physics analysis
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ALICE First Physics

» charged particle density dN_,/dnin pp at 0.9 and 2.36 TeV
 multiplicity distributions P(N_,) in pp at 0.9 and 2.36 TeV

» transverse momentum dN_,/dp distributions in pp at 0.9 TeV

—> characterize underlying event for rare observables
—> reference for PbPb
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pp process fractions

O-total = C’-elastic + o-single-diffractive + GdoubIe-diffractive+Onon-diﬁractive
“m 4T in
(I) C])l OCCC%%O (I) Ogoc%}{g@ OO0 (I) C
‘ o O |
o Odﬁ%o% C%C%g)o
SD o DD 0o
0 i 0 5 0
n n
- one of the protons - rapidity gap” - central production
remains intact Spp/oneL = O(10%) onp/Oinel= O(80%)
\_Osp/one= O(10%) -
—
INEL
S~— g
S
- diffractive contribution is not well known NSD
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running conditions and trigger

LHC: up to 4x4 counterrotating bunches (~few 10° p each)
at injection energy (900 GeV)

» online trigger:
coincidence of beam
and MB,g=SPD || VOA || VOC
(coverage: 8 units in n!)

* interaction rate: few Hz

« offline event selection:
INEL: MBg
NSD: MB,,p = VOA && VOA

* no VO in the 2.36 TeV run:
-> separate analysis,
larger systematic errors
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event selection efficiency

Event selection efficiencies determined from Monte Carlo:
(PYTHIA 6.4.14 (tune D6T) and PHOJET, folded with detector response)

SD DD ND INEL NSD
MBgog: 77-86%  92-98%  100%

MBayp: 29-34%  49-77%  96-98%

- dominates final
systematic uncertainties
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beam-induced background

» timing information from VOA and VOC %300 VOA ('Z=3_'3 m)' o

200— —
100— —

04+LIJ_IL|-L‘74ILLI,_.—-..—U.J_4I|

45 A0 5 0 5 10 15

Time (ns)
:"‘I“"\““\""I“"“““"\"“:
500:,V0C (Z='09 m) E
400/ .
3001 —
200 —
100 —
0:. | [ il PSR .
15 10 5 0 5 10 15
Time (ns)

ALICE Collaboration Eur.Phys.J.C65:111-125 (2010)

Harald Appelshauser, CBM week, April 14, 2010 19



vertex reconstruction

1 = rpr T 73
— | ® Data0.9TeV -
_ | — MC0.9TeV ]
10| O Data 236 Tev |
= |— MC236TeV : =
tracklets are formed from 102 4900 GeV (x10) _
hits in SPD1 and SPD2 - | -
Al -\ i
- common vertex is 107 » [f2.36Tev ¢ E
reconstructed - 5 | A
in 83% (MBy) resp. 10400 Eﬁﬁ] il
93% (MB ) Of the il | -#&z;jﬁﬁ :
events. : : i
10‘5 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-30 -20 -10 0 10 20 30

Resolution: 0.1-0.3 mm (longitudinal), 0.2-0.5 mm (transverse)
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Vs = 900 GeV
5 | T T T | T T T T | T T T T | T T T T ] 6
= ALICE preliminary -
4 - 5
B A 4 1 r A A _
— _2+A A*@ ﬁ#A* **' 1# *A+ﬁ @+A A+2_ :4
E_: g Pog B ;o ] E.:
O B 7 O
< [ 1 £ 3
© o 4 O
B \s = 0.9 TeV 7 5
- m ALICEppNSD O ALICE pp INEL 7
1— A UASpPNSD A  UA5ppINEL — 1
- ¥* CMS pp NSD .
L S U U RS R | ]
073 X 0 1 2 0
n

=

» good agreement between ALICE, CMS, UA5

R
n —=
pa— | -
< N

Jan Fiete Grosse Oetringhaus (CERN), Rencontres de Moriond 2010

Vs = 2.36 TeV
:ALICE[I)rellrnlmeliryl o E
a ;Hu_*h*“w;,; f
SRR FE YT §
f— \'s =2.36 TeV —f
- m ALICEppNSD 0o ALICE pp INEL ]
- » CMSppNSD -
i A R B B
2 -1 0 1 2

n

* ALICE, CMS: stat. and syst.
uncertainty added quadratically

« CMS data points do not include charged
leptons 2> ~1.5 % difference
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dN,/cn

ALICE

Jan Fiete Grosse Oetringhaus (CERN), Rencontres de Moriond 2010

Vs = 2.36 TeV

ALIC

E preliminary

- o eemmmmZEEEE T e oL
---------------

....

—
B NSD \'s = 2.36 TeV INEL _
- [ ALICE pp NSD O ALICE pp INEL =
A [N D6T (109) — D6T (109) -
N (s Atlas CSC (306) ——  Atlas CSC (306) :
I [ Perugia-0 (320) ——  Perugia-0 (320) ]
I SSSSSES Phojet o Phojet ]
_| | | | | | | | | | | | | | | | | | | | | B
-2 -1 0 1 2
n

» some of the models (tunes)
fail considerably to describe
the data
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dN_,ldn

Jan Fiete Grosse Oetringhaus (CERN), Rencontres de Moriond 2010

g T T T T T II| T T T T T III| _ T T T T T TTT T T T InCreaSe from 0.9 to 2.36 TeV
2 L[ 2 ISR(pp)INEL s+ UA1 (pp) NSD .
Z gl| © UAS5(pp) INEL » UA5 (pp) NSD B in % INEL NSD
T ¢ PHOBOS (pp) INEL & STAR (pp) NSD
- | v CDF (pp) NSD « CMS (pp) NSD -
| | o ALICE (pp) INEL m ALICE (pp) NSD A B ALICE 248761, | 24.0 99, _
i 7 prel.
4_ —
i ] CMS 28.4%3.0
i | |Pp|DeT 19.7 18.7
ol _ y
e LHC 1] |t | ATLAS | 19.2 18.3
R Vs =14 TeV h| CcSc
| ALICE preliminary | 'a Perugia-0 | 19.6 18.5
0 | | L1 1 111 | | | I I | | | | 1L 1 1 111 | | | |
3 4 .
107 | 10 10 s (GeV) Phojet 17.5 14.5
curve: power law fit
—> stronger energy dependence
> stronger-than-expected increase with Vs of particle production than
as reported by CMS expected from models!
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multiplicity distributions

R(Nch’Nacc)

PN, )= # events with multiplicity N, 507
ol all events 3 E ALICE Performance 10°
—" 40—~  work in progress
BUT: measured distribution P(N,.) *3’ 305
does not correspond to P(N,,), rather s 107
g 20
P(Nacc) = ZNch R(Nch’Nacc)°P(Nch) 8 - 10
= 10-
- unfolding procedure: g
S , 0 10 20 30 40 50
P(Nacc)_ R(Nc ’Nacc)'P(Nc ) true multiplicity N
X*(P(Na )=, =5 ) : plicity N,

+PBR(P(N;))
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Probability P(V ,)

102

10°°

10

10°

multiplicity distributions

Jan Fiete Grosse Oetringhaus (CERN), Rencontres de Moriond 2010

Vs = 900 GeV

B

Ml <0.5(x1)

¥

- o UAS

o]
3,
%

?W

—ALICE

T UAS5:
~,  ZP 43,357

Ml < 1.0 (x 10)

Vs =0.9 TeV

-

NSD

AL|ICE preliminary

o_l HIHH‘ T \I\IIII‘ I II\IIII| I IIIIIII|

20 40 6

Multiplicity Vv,

0

Probability P(N )

10

102

10

10°

Vs = 2.36 TeV

-\I#_

!

_K----""--___ | < 1.0 (x 10)

e <05 (x 1) '

—ALICE

——...__-.F

b

***"*+++.,.
+

-
"

\s =2.36 TeV

+

NSD

AHICE preliminary

O—l IIIIIII| I IIIIIII‘ I IIIIIII‘ I IIIIIII‘

20 40

D

0
Multiplicity N,

» good agreement with UA5 at 900 GeV
* first measurement at 2.36 TeV
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Ratio Data / MC

o
o

—_
(&)

1.0

0.5—

0.0

multiplicity distributions

Vs = 900 GeV

Jan Fiete Grosse Oetringhaus (CERN), Rencontres de Moriond 2010

Vs = 2.36 TeV

T T T T | T T T !I
~ | W Data uncertainty
_|—— D6T (109)

_ |— Atlas CSC (306)
— Perugia-0 (320) |..
—— Phojet

V4
\ ] 05!

:
J

O 20 . T T T T | T T T T |
7 S . | B Data uncertainty
i = — D6T (109)
4 © —— Atlas CSC (306)
0O 4 5| —— Perugia-0 (320)
2 —— Phojet
4]
o

i

i \Js = 0.9 TeV g _ T \s =2.36 TeV
- INEL . : INEL
] < 1.0 ALICE preliminary | ml < 1.0

| | | | | | | | | | | | | | | | | | . | | | | | | | |
0 10 20 30 40 0'00 10

ALICE preliminary

Multiplicity N,

I20I [ —

\30IIII40I\II

Multiplicity N,

« MC generators do not describe the energy dependence of the
high multiplicity tail correctly
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TPC momentum reconstruction

J‘S*

ALICE
ﬂ I T T T T T T T T T T T T | T T T T T T T T | T T T T ‘_]’
5 L 4 -

_ . S1200— —
momentum resolution (from matching - ]
of two segments of cosmic track) 1000-ALICE performance -

~ work in progress ]
ﬂ_"' L _
a2 - 0 ]
: aoo: K2 ]
6001 1=497.3 + 0.07 MeV ]|
- c=52+0.08MeV |
10 400__ _]
- PDG: 497.6 MeV|
200% -
?‘%‘m“""*““?ﬂw_ i
|_ | | | | ‘ | | | | | | | | | | | | | |
= (?.35 0.4 0.45 0.5 0.55 0.6 0.65
~7% at 10 GeV/c M.... (GeVic)
"E > t jut
. ALICE performance present p; resolution
i work in progress « 7% at 10 GeV/c
| ] L1 1 II 1 1 1 1 | I | I [ [ [

* below 1% at p,<1 GeV/c

1 10 Ge
confirmed by K*_ measurements
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TPC dE|dx

250 - C e 1200

[ pp @ 900 GeV L pp @ 900 GeV
= 200} ] ';“ 1000 [ aLicE performance -
% A ] p 800 - work in progress
O 150 | 19 .
[ ] = 600 —
= 100} - {1 £ .
5 b e 1 X 400
T 3\\ TN : o m -
D50 P— :

[ T ALICE performance- = 200

. work in progress ] N et - - -
D i i i D P ra e e la s sl s o0, = 1 PR PR
1 10 -2 -15 -1 05 0 05 1 15 2

momentum p (GeV) momentum / charge £ (GeV)

 TPC dE/dx resolution: 5.5% (= design value!)

e TPC particle ID used for track propagation through material and p;
reconstruction.
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material budget

 reconstructed photon conversion distribution

— 250 [TTTT TTTT TTTT | TTTT | TTTT TTTT TTTT ‘ TTTT | TTTT rTTT] et 2(|1 |0-|3 | T 1 T 171 T T 1
§ p+p at \'s = 900 GeV (2009 data)] & = T — Data
; 200 O - > 1.4— — MC
E ALICE Performance 3 ; B i
150;— ~work in progress _; 1.2 } {
- ssD = = i
100 > ] 1.0— ALICE performance _]|
- oD = T work in progress :
50- SDD . . - | -
o- 4 0.8- | =
- SPD T TPCinner N i
-50 : - -containment  —| 0.6 ]
C L o Eons _ vessel . .
'100§ TPC Rods/ L E 0.4 B
r TPC i ] N
150+ field cage E i .
r vessel . | ]
-200— £ 0.2 g ]
_25 :\ L1l ‘ L1l | L1l | L1111 | LIl ‘ L1 ‘ [ ‘ LIl | LIl | L1 : B L1l | L1 | L1 | [ bo B i L Pl silr, P ot ol _J
-350 -200-150-100 -50 0 50 100 150 200 250 0 20 40 60 80 1 00 1 20 1 40 160 18(
X(cm) R [em]

e agreement between MC and data within 10%.
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transverse momentum spectra

Jacek Otwinowski (GSl), Rencontres de Moriond 2010

N ™1
< 10F . o ALICE, NSD
(%DJ 1 OI.....
=10 ..""-.
%I— t...
= 107 *,
O .
= ‘% * pr reach: 0.15-10 GeV/c
310°F pp900Gev ™, Pr
“.b 10—4 NSD .'i . .
A2 . * power law tail at high p;
ZI—10_5 |r]| <0.8 '.
. . '
R statistical errors only ;
< 10° '
= ALICE preliminary b
107 e———
1 10
P [Gev/c]
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comparison ALICE - CMS

Jacek Otwinowski (GSl), Rencontres de Moriond 2010

c.\: 10 P | ¢ ALICE, NSD () 2T e T T
g e, .‘.... s CMS, NSD 8 1 8:_ ALICE || <0.8 E
1 “ < E ' ]
3 "\ ALICE (n|<0.8)3 w 1gf CMShi<24 I =
= g W CMS(ni<24) ] €S b } E
;'_ \‘ g : + * :
T 402 = 12F T
10 * i I ILA R
§ 3 l'. 1Wiuﬂ'§”{'ﬁ f'
=10 ) [ ]
510 pp 900 GeV 'l,. 08F  ratio at CMS p; points E
wi 10 NSD “ 06f ratio at ALICE p; points E
= : 04F 3
a107% ' - e :
IS statistical errors only " 02 ALICE preliminary E
= -B . . ] 01’:|||||||||||||||||||||||||||||||||||||T
= 0°F ALICE preliminary f 0 05 1 15 2 25 3 35
107 L L pT[Gev/c]
10" 1

* ALICE p; spectrum harder than CMS

10
p, [Gevic] (but different n acceptance!)

CMS coll., JHEP 1002:041,2010
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comparison ALICE - CMS

Jacek Otwinowski (GSl), Rencontres de Moriond 2010

P, [Gevic]

E 1[} ::I' T -I — 1 ] r T 1 T 1 1 ] ALlCE, NSD () 15i S B e e S LIS N S B E i
o . 2 - ]
o ., o CMS, NSD, [n|<0.8 4 ALICE |n| <0.8 3
S 1 M CMS || <0.8
O - “ ALICE [n|<0.8 1 w 13F E
= 1k ., CMS|n|<0.8 = 3125 ]
L . 7 T
& f “ 1 g 14
= i ™ 1 ® C
° ™ 1E .
3 " ppo0oGev ER 12 :
% - PP © "o , ] 0gfk ratio at CMS py points 3
~ . NSD o § 07; ratio at ALICE p; points ;
= . JdE -
Q 10?2t statistical errors onl * : . ]
rE y Rk 06F ALICE preliminary E
= L ALICE preliminar ] e b L L
- '| | P . y | T 950 0.5 1 1.5 2
0

0.5 1 1.5 2
P, [Gevic]

« agreement between ALICE and CMS (|n|<0.8) within 5%

32
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more to come...
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<p.> versus multiplicity

%_ - e ALICE, p+p \s5 = 900 GeV .
< 09— | K mean p, in 0.3<p,<4 GeV/c
- I G and |n|<0.8
08— . ¢, ¢ i\‘& a\'\g‘\ E
07l o® o ° 4« TPC multiplicity scale not
L ° \\b - .
- e P . corrected yet for efficiency
o * ‘((\'\“'a i
C (e\\ ] e
° 1 < large sensitivity to
e QCD phenomenology
0 5 10 15 20 25 30 35 40

=
3
@
&
o
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particle correlations

5 2
o i ALICE pp 900 GeV
18]
nt HBT correlation function o\
16]— ((\e“ , :
b R\ - Space-time evolution
o
Lafitt o~ a(\o“
Dy ALY « Important reference to Pb-Pb
1.2— 1 '\“a
JJ.I AN
h H@ﬁ gt AR A VR
Jr Monte Carlo (no HBT correlatlons)
u.s L O

0 D.1 0.2 03 D.4 D.5 D.E D.T IJB
q [Ge\ﬂc]
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Jets
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first collisions at 7 TeV
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first collisions at 7 TeV

« 30.3.2010, 13:01:
first pp collisions at
Vs =7 TeV

|

pp collision at 7 Te\}
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first collisions at 7 TeV

| Integrated triggers |

Integrated CINT1B triggers [millions]

L
T L

-
o
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first collisions at 7 TeV

* one (out of 12)
J/hy candidates
In the muon arm
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summary

upon arrival of first collisions, ALICE was ready for first physics

first analyses of global observables in pp presented by ALICE

impressive agreement between first physics results of the
LHC experiments

data taking of pp at 7 TeV started successfully,
PbPb collisions at Vs\,= 2.76 TeV expected in the fall
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CERN Large Hadron Collider

1232 dipoles:

- 15 m each

- ~1 MCHF each

- 8.3 T field (~11850 A)

- superconducting,
operated at 1.9 K

p — design luminosity: 1034 cm-2s-1
2808 bunches with 10" protons each > I=0.5A

E.i=3x10"x7 TeV ~= 300 MJ —> 60 ton truck moving with 200 mph!
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