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LHC Cooldown Status

Large Hadron Collider (LHC)

- B&:27 km b2 )LRE (#1F) :50 - 175 m
- E—/Ls:protons at 7 TeV, heavy ions at 2.75 TeV | =
— {8132 /2 : ATLAS, ALICE, CMS, LHCb (43 5&)
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LHC Plan

— Cosmic run is ongoing for detector commissioning
— Early August/2008: first beam expected
— September/2008: fist collisions (p+p) expected

gL Urhese
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What's the matter at LHC?

m  Many physical properties to be
measured, in order to
P characterize the matter
AI A R E A EHR produced at the relativistic
LHC,RHIC . ..
heavy ion collisions. For
example:

SPS m [nitial Temperature, Energy
density, Baryon chemical

A v potential, speed of sound,
170 MeV AGS shear viscosity/entropy ratio,
gluon density, degrees of
freedom, and Equation of
State (EOS) ....

m QCD material science.

BE T

—>) m  How can we measure them?

>
EERTE S #FE p

m  How to map out the phase
diagram of QCD?



ALICE Experiment
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ALICE detector
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- ALICE Data Taking 7+ (8FfEl/H . 1:8E)

- CERN Summer Student Lecture Programme (4Rij¥)
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CERN Summer Student Lecture Programme

-7/2 (Wed.) — 8/8 (Fri.)
-9:15 - 12:30, Weekdays

EERNE &tk 3
- Particle Physics, Nuclear Physics
- Astroparticle physics, Cosmology
- Accelerators, Detectors
- Experimental techniques

e

* https://hr—recruit.web.cern.ch/hr-recruit/summies/default.asp
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ALICE Data Taking Shift — Cosmic Run

ALICE Data Taking Shift (24 hours a day, 7 days a week)

- Night shift (00:00-08:00)
- Day shift  (08:00-16:00)

- Evening shift (16:00—-24:00) émmi

TRD&TPC Shift in ALICE Control Room

~7/7-7/13
~7/14-7/20 -

(AT /2 or 1:EREER)

-7/21-7/27

* TRD = Transition Radiation Detector

* TPC = Time Projection Chamber

* A ITTA—L—Z0 T ET ORI AN ERIIZLETY,
* HDHBIEEEF-EDDL)HBNILTILET,
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(1) ALICESF T —2DfEHT. DCSD A H

(I7—ARA)DavEFREAGLMERNGENNTNRE - )

- Taking TRD shift for one week éM

- Hardware/software debugging
Readout, QA, Noise, ADC time bin data ; TRD raw data

4 TRD SM'’s installed Monitoring plots



- Calibration
Pulse height distribution, Cluster position ; TRD
Prepare pedestal, gain tables for readout chips
HV setting (Anode, Cathode)

- Tracking, Alignment <
Cluster position ; TRD/TPC

f
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Tracking in TRD Shower event



(B &%, Eid)

Detector Controls System (DCS)
-- To control and operate the experiment from a central

operator workplace during all modes of operation.

Configuration DB, —
Archives, -_i l I
Log files, etc. : 3

. | | | |
s . =
e | e oy
%:ﬁ PLC VME
a .
5 % Fleliﬁus I I >
[ Mode | [ Node |
HEEEER

Experimental equipment ]
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- Software, concepts:

PVSS (process visualization and control system)
FSM (finite state machine) etc.

N S O A DER AN E
- Develop a part of the TRD DCS el

HV control system DTRD-DCS(
FSM states (routine, majority rules) < FREDEMHD,

Fri 06/06/2008 02:50:30
root [4Y]

33 Superm 0/Stack0/Layer5/Anode /AnodeLa!
Device
@ Anodel ayers

| 14000
|_0.0018

i~ Status summary

On
Ramping up

Ramping down

STORE TABLE CHANNEL OFF
TRD operator console HV control panel



(2) ALICEA 754V RIETHDIZal—i 3y

(ALICEIRIZETO# T —2 DM, T—<ZE1 DROTYIEREN, )

’ KT -.--"--."“nJ (BY:.£5%)

- Utilize initial hard parton scattering as a probe
=> High energy jets, photons, heavy flavors
- Measure jet structure & medium-induced modification
- Investigate energy loss mechanism with quark/gluon jets
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NPA 784, 426 (2007) PRL 94, 171802 (2005)



- EMCal / HCal needed for triggering
Approved fro funding: Jan. 2008
Construct / Install: 2009-2011

=> Need to fix the detailed design!

- Jet finding in heavy ion collisions
the problem is soft particles background

=> How to subtract such background?
(p cut, jet cone size, etc.)

e
(Pythia simulation)

100 GeV jet in central Pb+Pb
16



- Heavy lon Physics with p+p at LHC?
Particle density dN_,/dn ~ 50 — 100 can be reached in p+p
> central S+S @ SPS, mid-central Cu+Cu @ RHIC

- Hadronic FS interactions

- Multiple partonic interactions
=> Collective flow, Thermal behavior

=> small QGP?

- Comparison between p+p and A+A at similar dN/dn
=> Volume/density/lifetime effect?

= ’ BT Al Zs I'II'J

Shukraft, Alice08

Multiplicity distributions
in p+p at LHC
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- High multiplicity p+p events = Jets
=> Can one separate the ‘soft’ from the ‘hard’?
=> Try veto on jets

10°F, Inclusive ] Soft % Hard

Ed°Nyaaddp”. ¢ /GeV?

d‘;:“’f“; = ]
— ) Mt .
_5 10-8 [ SR T NN S SR B NI M| I SN TN N NN TR N NN S |
= 1.0 -
T osPNe g
= 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 ]
& 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

pr. GeVe
Fig. 2. Transverse momentum distributions at (o) 1800 and (e) 630 GeV (|5| < 1.0) for (a) the full MB samples, (&) the soft
samples, and {¢) the hard samples. In the bottom panel, the ratio of the two distributions is shown. The two curves delimit the

band of all systematic uncertainties [see Section 2 for (&) and (¢), the lower limit overlaps the data points]. Nirack refers to the

number of charged tracks in a unit  interval.
CDF (PRD 65:072005, 2002)

- How do high multiplicity events look like

in various event generators (Pythia, Herwig, etc.)?

- Veto on jets in the ALICE environment a la CDF/STAR
=> p; sum 2p+, pr balance (event shape)
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HV electrode (100 kV) —

e — Inner and Quter
field cage —__ \ N P Containment Vessels
— ". ‘ V
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\
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ZDC (Zero Degree
Calorimeter)
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S
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(2-d) Three-particle correlations JE¢:ER::S

Three-particle correlations in Pb+Pb and p+p collisions at LHC-ALICE

m (possibly) producing a Mach-cone shock wave at LHC, when a energetic
parton is traveling though a hot and dense medium (QGP).

m Measure the Mach-cone angle, speed of sound in QGP!

23



pairs per trigger: 1/N" dN*®(di-jet)/d(A¢)

Jet modification at RHIC

A UA2 two-jet event, ca

1982 — From two particle correlations of
charged hadrons, away side jet
modification is observed at RHIC.

— Possible mechanism is due to the
Mach-cone shock wave generated by
large energy deposition in the

s : hydrodynamic medium.

0.35 (a) 0-5% 3 (b) 5-10%

— Three particle correlation provides a
powerful tool to identify the
underlying physics process.

— If it is Mach-cone shock wave:

ol oo - e Speed of sound (c,) in the strongly
J interacting QGP

e EOS of the matter.

] i Hh
0 EEmmmmsaa e e e e e e e e o S e d WA e Ry TP @ S e e

0 05 1 15 2 25 3 05 1 15 2 25 3
A6 (rad) A6 (rad)

Phys. Rev. Lett. 97 (2006) 052301 (PHENIX)



Mach-Cone

= cos(6,,) Trigger

 Mach angle depends on
speed of sound In

medium Away-side PNJL Model

T dependent T
» Angle independent of 2

associated p-. Mikherjes, Mustafa, Ray =

Phys. Rev. D75 (2007) 094015




Azimuthal 3-Particle Correlations
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0+p 200 GeV (RHIC)

Background subtracted 3-particle correlations Y,-hat

COVP OVPI/NLP *PN/L
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Au+Au 200 GeV (RHIC, STAR)

Background subtracted 3-particle correlations Y,-hat

—
n-1.38,1-1.38)

- N W B O
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Outline for subject

Tools:
— AliRoot, simulation files (ESD, AOD) for p+p and Pb+Pb.
Detectors: TPC, ITS...
Measured charged hadron correlations, one trigger particle and two associated particle
(lower p;).

s A¢,, Ad,, m, for foreground and background.
* Start from the simplest case, p+p, 2 particle correlations.

Timeline:
— week-1: Get familiar with AliRoot, ALICE offline frame work, use CAF and batch job system.
— week-2: Reconstruct two particle correlations in p+p. Study on the BG.
— week-3: BG subtraction in p+p, three particle correlations in p+p.

— week-4: Study on Pb+Pb simulation data (AMPT available?), results. Preparation for the
presentation.

— week-5: Presentation (and analysis note if it’s possible).
Establish and develop the three particle analysis tool, and check with the

simulated p+p data, especially how to estimate the background distribution. If time
permits, go to Pb+Pb simulated data (but it needs to study on v2, v4 subtractions).



‘ ‘ (B h{g)

Measurement of direct photon spectra using the internal conversion
method in Pb+Pb and p+p collisions at LHC-ALICE

- p; spectra of direct photon by internal conversion method (e*e pair).

- From p; slope, one can extract the initial temperature of the matter.




What can we expect in Heavy lon
Collisions?

10’ .
T Central Au+Au (s'*=200AGeV)
= [ 1
8 10" | <N,>=800
= g2 ly|<0.35
1
5] 1
-
prd 10 1
O 10° = Hadron Gas
LL [ ——— QGP (T=370MeV)
10°® [ initial pQCD (pp)
sum
0 1 3

2
p; [GeV]

Direct photon:

* Produced by the initial hard scatterings.
* No strong interaction, thus a clean signal.
* Sensitive to the initial state of the matter.
* Thermal photon radiation.

* From p; spectrum, initial temperature can
be deduced.

But...

* Huge back ground to measure thermal photons (only 10% of hadron BG).

*  Window for thermal photons from QGP in this calculation (@ RHIC): p;=1-3 GeV/c



A new |dea of thermal photon measurement

Use lepton pairs to measure

virtual vy

Two sources of virtual y with very
low (invariant) mass:

1. Background from Dalitz decay Daliz decay
Kroll-Wada formula
2. Hard photon (sngnal).= Compton e
thermal photon candidate . -
q
%k
Y7 direct __ Y direct g q
= —
Y Vinel . Vinel .
excess over known e*e" internal conversion

pair from hard scattering

hadronic source
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Initial Temperature at RHIC

AuAu MB x10*
AuAu 0-20% x10?

AuAu 20-40% x10

I'ITI T IIIIIII| T IIIIHTI I IIIIIII| I III’I’|'|T| I IIIIIII| IIJ!IWTI I IIIII’II|/ I IIII|T|'| I/I}I{IIIII' T TTTTm)

|IIII|IIII|IIII|IIII|IIII|II—IAI“‘

1 2 3 4 5 6 7
P, (GeV/c)

TTTTT

T,=370 MeV at RHIC?




Invariant Mass Distribution of Dalitz Pairs

1 dN 2a 4m? 2m? m:,_
= \/1_ ze (1+ ze ‘F(mee)‘ (1_ 2 ’
N, dm, 37 m_, m_, co M
| dalitz shape |
10% ¢
= 70 Dalitz
102 2 n Dalitz
E direct v internal conversion
10;—
- Kroll-Wada formula
e (mass distribution of Dalitz decay
F for pseudo-scalar meson, i, n, 1)
Wi (1) Pure QED part
il (2) Form factor: F
" §_ (3) Phase space factor
10 e 0 s 0 s 0

M,, (GeV)



e*e  invariant mass distributions (RHIC-PHENIX)

4GeV) in PHENIX acceptance

(s

dN/dM

10° g 10"
1<p_<2 GeVic 5
g (b) Au+Au (Min Bias)
2<pT<3 GeVic $ ) . .
o x1o * Hadronic BG above cut-off is
3"’1‘4 GeVic w
z reduced by 80%.
10° 4<py<5 GeVic S10° * p+p: consistent with BG at low
5 | e . . pT, but an (little) excess at high
K K SR - ®
'10° ‘.{.""‘“—e«\# T10y J”\::::‘5}"':‘»”*‘-5'\;&:\ - PT.
B R P . « Au+Au: excess for all pT.
.r,‘. * i f fi == ? f
107 T 10° ¢ T . .
- s - 3 i oL ¢ g Possible source of excess is
e I AN ”\t\\ ] internal conversion of direct
-8 T -6 T
10 t . 107 M f photons.
10.9IlIlIllIlIlIIlIlIIIIlIIlIlIlI 10,7lllllllIIIIlIIIllllIllllIllll
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
M,.. (GeV/c) M,.. (GeV/c?)
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Outline for subject

(Maybe) only p+p data can be used due to the complexity of this
analysis (and not yet measured baseline spectra in Pb+Pb at LHC).

Timeline
— Week-1: Get familiar with AliRoot, simulation files (p+p), ALICE offline framework.
— Week-2: Electron Identification study.
» S/B, efficiency, by using TRD, TPC.
— Week-3: Make an invariant mass distribution of e+e- pairs.

* Check the known resonance peaks (¢, w, J/3,...).
e Study on the conversion in the detector material, and how to remove them.

e Combinatorial BG.

_ : RHIC-PHENIX
Week-4: Extract direct photon. 200 GeV ptp, Au+Au

* Make a inclusive photon spectra.

°
iy

* Make a ratio of direct photon and inclusive photon.
* Comparison with NLO pQCD.
* Prepare for the presentation.

— Week-5: Presentation (and Analysis Note writing) : 4
.05— - l —+ g
GOAL: Test of NLO pQCD in p+p. |

&
T

(a) p+p (b) Au+Au Min. Bias |

r= direct y/inclusive y

I
&
-
.
.




(3) PHENIXEA A BZET—2 DR

(RCFDAVEA—FT AV N ILE)

3) RL OLVAX?) ¥i: U (HY:;IH)

- Root Tree #2 X M Summary Data (DST)ZF{ES
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Merits: - High statistics Run-7 Au+Au data (x3 Run-4 Au+Au)
- New detectors for particle identification
- Reaction plane resolution improved with a new detector




- Direct photo is a penetrating probe
for the initial hot and dense matter created in heavy ion collisions.

(8L £5)

- There are several photon sources in heavy ion collisions (see left).

10°

E dN/d’p [GeV’]

Central Au+Au (s'°=200AGeV) ]

<N,,>=800
ly|<0.35

e Hadron Gas
e QGP (T,=370MeV)
=== _initial pQCD (pp)
—SUIM

1

2
p; [GeV]

Phys. Rev., C69:014903(2004)
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PbSc direct photon p; spectra
Au+Au \[spy, = 200GeV
PHENIX preliminary
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- Reconstruct neutral pion via two-gamma decay

- Calculate p; spectra, v, for neutral pion, inclusive photon

- Subtracting hadron decay photon from inclusive photon =
=> Calculate p; spectra, v, for direct photon

Direct y hadron decay ¥y

-
- [

RITF IR,

PHENIX preliminary 4
4.5k Au+Au 4 /

ab Yo = 200Gev ,14 ] /+,
3.5 0-10% V. 4

7

P : =
’
s
o 1
O e (4 J5) TIPS P P I S P
T Tl T R T — T 0 2 4 8 1012 14
invariant mass p.(GeV/c)

Merits: - High statistics Run-7 Au+Au data (x3 Run-4 Au+Au)
- Reaction plane resolution improved with a new detector

Yall I Ybackground
N
(5 %)
R

N pas - CoNtrality 0020 % o o, tur
— = N l+‘2'U cos(d -V +2v C()S?(b-‘p U 0205_ ® hadron decay photonv, 3
= No(L+ 20y cos(o = W) 4 20y cos(2(0 = ¥)) 4 o) 3 E
> o.1o§— **’ —é s[s N

T 0.055_.,0”" LI o% El B FRIE.
Elliptic flow 4 ;
20t Run-4 Au+Au -

Miki, QM08 R B e S R T S 4

P, [GeVic]



