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HI collisions at the LHC (1)

N

* A comprehensive heavy -ion (HI) programme at the LHC

+ 1 month of beam time devoted to HI physics each year

» colliding the largest available nuclei (Pb) at the highest possible
energy (5.5 ATeV, currently 2.76 ATeV)

+ ALICE is the dedicated al d,etector at the LHC
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\l
HI collisions at the LHC (2) N

\

N ALICE

« A comprehensive\lfi"*\eavy-ion (HI) programme at the LHC
: N ;
1 month of beam time devoted to HI physics each year

» colliding the largest available nuclei (Pb) at the hlghest possible
energy (5.5 N2 currently 2.76 ATeV)

. ALICE is the dedlcated HI detector at the LHC

PP (deslgn) pp (June 2011) Pb—Pb (design) Pb—Pb (Nov 2010)

Centre of mass 14 TeV 7 TeV 5.5 ATeV x 208 = 2.76 ATeV x 208 =
energy 1144 TeV totadl 574 TeV totadl

Luminosity 1034 Hz/cm?2 1033 Hz/cm? 1027 Hz/cm? 3%x1025 Hz/cm?
Bunches per beam 2808 1092 592 137

Bunch spacing 25 ns 50 ns 100 ns 500 ns

B* 0.5m 1.5m 0.5m 3.5m

Min. bias trigger 10 Hz 108 Hz 8x103 Hz 2x10% Hz
frequency

dN_./dn unknown unknown 1600

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 4
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HI collisions at the LHC (3) S

N

\

ALICE

* A comprehensive heavy -ion (HI) programme at the LHC

+ 1 month of beam time devoted to HI physics each year

» colliding the largest available nuclei (Pb) at the hlghest possible
energy (5.5 ATeV, currently 2.76 ATeV)

. ALICE is the dedlcated HI detector at the LHC

PP (deslgn) pp (June 2011) Pb—Pb (design)

Centre of mass 14 TeV 7 TeV
energy

Luminosity 1034 Hz/cm? 1033 Hz/cm?
Bunches per beam 2808 1092
Bunch spacing 25 ns 50 ns
B* 0.5m 1.5m

Min. bias trigger 10 Hz
frequency

dN_./dn unknown

5.5 ATeV x 208 =
1144 TeV totadl

1027 Hz/cm?
592

100 ns
0.5m

8x103 Hz

unknown

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011

Pb—Pb (Nov 2010)

2.76 ATeV x 208 =
574 TeV total

3%x1025 Hz/cm?
137

500 ns

3.5m




A Pb—Pb event in the ALICE TPC

¢ 3\ ‘DY
, 'M/W Ny
&7

/’/, 1

™,

77

DN\

SN
R

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14" June 2011



Size: 16 x 26 meters
Weight: 10,000 tons
Detectors: 18

HMPID

ZDC W
~116m from I.P,

perimanet: J. Instrum. 3, S08002 (2008)

A~ The ALICE ex

' ’ PHOS

. Lippmann, TIPP 2011 in Chicago, 11" June 2011

ALICE setup (1)
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A general slide on TPCs

N

« ATPCis the perfg\ct detector for HI collisions

the whole volume is active.
minimal scattering due to minimal radiation length (field cage, gas)
edsy pattern recognition (continuos tracks)

PID information From\lo\mzahon measurements (very powerful

especially in the |ow energy region where energy loss o<1/32; p <
1GeV/c) x,,Af 7 —

transversal diffusion of the drlfhng electirons may be minimized by

choosing a gas mixture with wr>1 and a coanurahon with B and E
fields parallel

. but ...

relahvely s[ow (at least as compared to most LHC detectors):
Maximum readout speed is dominated by electron drift time (and
event sizes)

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011



ALICE TPC field cage and MWPCs

arXiv:1001.1950v1 [physics.ins-det]

N
\ \\\

« Gas volume - 92m

* Material budget 3% XO

at n=0 X 1 t
° 72 ( ] 8 X 2 X 2 ) ReCI d out - . ‘,"i\- | hre’:aftl)out
chambers: MWPCs WIth XA m_ Y (MWPCS)

cathode pad readout

Central_drift
electrode
(100kV)

T -‘"’~-___ e o

'\\,\:; A Endplate

Detail of one readout chamber Low mass, high precision field cage

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 10



X - S N s - <
\,"n\ —— .’—j gl R
« p

Field Cage assembly: 2002 — 2004
MWPC installation: 2005
Electronics installation: 2006

, Installation into ALICE L3 magnet: 2007
Commissioning & calibration: 2007 — 2009
« Calibration and data taking: 2009 — now

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011
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Gas and Front End Electronics (1)

arXiv:1001.1950v1 [physics.ins-det]

« Gas mixture: Ne, COZ\\@O-]O)
* Low diffusion (“cold gas”); wr=0.32; low Z (low multiple scattering, low primary
ionization)

* Maximum electron drift time (250 cm drift) : ~92 us
» Field cage, MWPCs and gas system very leak tight: ~1 ppm O,
+ ~200 ppm H,0 added forstability -

R A S
i e L,
s s
O

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 12



Gas and Front End Electronics (2) =/ .
arXiv:1001.1950v1 [physics.ins-det] ALICE

\
«  Gas mixture: Ne, COz\\(?O]O)

* Low diffusion (“cold gas”); wi= O 32; low Z (low multiple scattering, low primary
ionization) ,

. Maxmum electron “drift hme (250 cm drift) : ~92 us

+ Field cage, MWPCs and gas system very leak tight: ~1 ppm 02
* ~200 ppm H,O added Fc?i\s\gblllty

R N

» 557568 read out pads-and | FEE channels

1000 time bins = 557 'r‘n||||.on/\;6xe|s \

* PreAmplifier ShAper (PASA) \
« 12 mV/fC, 190 ns FWHM

- ALTRO digital, chlp

. see next slide

« 0.7 ADC mean noise (700 e ) on

detector (Requirement: 1000 e7) A TPC Front End Card holds 8 PASA and
8 ALTRO chips (4 each on each side)

7y

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 13



ALICE TPC ReadOut (ALTRO) chip

arXiv:1001.1950v1 [physics.ins-det]

N\
' \\

10 bit ADC

°
° ]O MhZ Sampllng N Raw detetctoré
® 2 bqsellne resi-o_ \\ : ............................. bs;ggglAsthéﬂfif

ration circuits I betr vibl)
* tail cancellation % z ;
* Zero suppression
with glitch filter
« multi event buffer

sing (tc;:il cancellation%and baseline
correction (moving average filter))

1000
timebin

Pileup of ion tails results in systematic baseline shifts. Plot shows simulation
of the ALTRO filter performance on real data from Pb—Pb collisions.

16 channel ALTRO chip

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 14



Luminosities and read out rates (1)

\\

* pp interaction rates\ln ALICE:
+ ~10 kHz for Iarge crog section
observables, almost no event
pile up.in TPC

« <200 kHz for rare prbge§ses S e & 3.
. --_‘. 3 ; i A _.,.‘-
acceptable event p||e upwﬁ ‘ ) Y, e

« Maximum TPC readout rates:
+ 1kHzforpp

A pp collision at 7 TeV: reconstructed tracks in TPC,
ITS and other subdetectors

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 15



Luminosities and read out rates (2) =8
ALICE

N, \{a\

* pp interaction rate\g\ln ALICE:
+ ~10 kHz for Iarg\e c?oss section
observables, almost no event
pile up.in TPC ’

« <200 kHz For rare pr' e§sefS»-,"’f:j'}1  '

WM'/‘ '

« Pb—Pb interaction rafes 7
. <10 kHz Pb=Pb collisions

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11.08 11:30:48

Fill ; 1482

Run ; 137124

Event : 0x00000000D3BBEES3

) MGXImum TPC requUt rafes: A central Pb—Pb "ision a; 2.76 ATeV: reconstructed
e 1 kHz forpp » tracks in the TPC
« 200 Hz for Pb—Pb (central)/

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 16



Calibration overview n .
- The main TPC calibration procedures are ALICE

1. gain calibration using shortlived radioactive gas (83Kr)

» produces electron spectrum in the right energy range
* result: gain determination to within 1%

2. laser data:_dFiT\f“VekI»o:city calibration and alignment
3. cosmics and Physics (collisions) tracks: alignment and gain calibration

~ Padv :i_se gain correction .
Kr calibration (C side shown) A reconstructed laser event in the TPC

A cosmic muon shower, triggered

by ACORDE

'25-850 -200 -150 -100 -50 0 50 100 150 200 250 -
X [em]

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 17



Distortions due to field cage

imperfections (1)

» Drifting electrons are "”df;ﬂected by distortions

» Imperfections in the field cage

«  Maximum (very local): &r = 10 mm (shown here);
or =0.8 mm |

A
2=3.
:
t
d ':'
A :
' y
Al
y- 0l

-25 1 3 oy 5 = S : {1 3
-(.-'!SﬂZUU-ISU-I[H) 50 0 50 100 150 200 250
X [cm]

ROC - C side

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011

r direction

FC Strips

CE

FC Rods

>
-

r¢ direction

ROC — A side
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Distortions due to field cage \

\

imperfections (2) ALI\C;E

» Drifting electrons are "”d';ﬂected by distortions
» Imperfections in the field cage
*  Maximum (very local): &r = 10 mm (shown here);
Srd = 0.8 mm N r direction

r¢ direction

(ideal) Rotated clip

=BT i

X [cm] Shifted Rod & Strips Shifted Rod

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 19



\l
Distortions due to non-ideal B field %\\% -
ALICE

« Drifting electrans are deﬂected from ideal drift path by distortions

* B field shape (homogene\ty) and ahgnment with E field

« Maximum: &r =4 mm;
ord = 8 mm (shown he\re)

A side, z=1cm |

TPC
-

e

1
“,_Jd-!
Efield — :
B field

\

B parallel to E (ideal) non-aligned
E and B vectors

ww

200

=25 '
25050.500-150-100 50 0

X [cml

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 20



Transverse momentum resolution

« Combined tracking (TPC &

ALICE, Pb-Pb, \ s, = 2.76 TeV, |n|<0.8 ITS) 5
e TPCATS P, resolution ;

fit (p,>1 GeV/c) * 0(pr)/p; =20% at 100 GeV/c

syst. errors

_+» Expected from simulations:

v 0 (p7)/pr = 5% at 100 GeV/c
(3.5% for ITS & TPC & TRD)

N
[ALICE PPR II, J. Phys. G 32 (2006) 1295]

k) . The expected performance
ALICE Performance (TPC&ITS) iS Wlthln reGCh FOI'

22/05/2011 2011

% 20 40 60 80 100 « corrections for energy loss
p, (GeV/c)  more precise alignment

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 21



PID

)
N
o
o

pp @Ns =7 TeV

-
oo
o

2=

Performance
2011-05-18

E
L
x
2
L
©
O
o
|_

10 bit ADC: Dynamic range up to 26xMIP

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 22



350 MeV < p <400 MeV : w=orestimated
2 estimated K
— Sum ALICE Performanc . «=s: cstimated p
— kaon b-Phaty 5, =276 TeV  j : ) ¢ I estimated e
— pion 05/05/11 ) ¥ \ sum
) Stat, errors only 1 4"'<I11<4’5 (j‘.\.' 'c
— electron J S : \ Centrality 40-50%
s ¥ A
3 . : \
§ 3 : \

'3 s . \

. - . - . 0|

‘ : oA !

- . N -

» . - .

, / Y \
- - I. :
F e \
.' '-. LY
] . .

-1 -0.8 06 -04-02 0 02 04 06 08 13}

Q.- TR S w— . SUVTLL . .4.‘:.‘..'...‘.5‘. INCTTRY T S -u...%.onuwwuwmméuo
(dE/dx) - (d E/dx)Kaon theor. dE/dx-(dE/dx)_(a.u.)

dE/dx distributions with fits for a momentum slice in the 1/  dE/dx distributions with fits for @ momentum slice in
B2 region (log scale!). pp collisions at 900 GeV. Published  the relativistic rise (linear scale!). HI collisions at
in arXiv:1101.4110 [hep-ex] 2.76 AGeV

+  Measured Resolution with maximum number of samples: O g4i/dx = 5%
(requirement: 5.5% [ALICE PPR II, J. Phys. G 32 (2006) 1295])

 Resolution for the hlghest mulhpllcﬂy Hl events: 0 4 /4, = 6%
* PID in the relativistic rise possible using statistical methods

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 23



dE/dx in TPC (a.u.)

Rigidity © (GeVrc)

4 anti-alpha candidates from Pb-Pb collisions (PID using TPC and TOF)

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 24



Summary (1):
Challenges at high multiplicities

1. Impact on aéCurac} in tracking and PID
\\\ .
SN

N
N\

N
A
B :
o B
e ‘ N
R LA ;‘f/

o y,
pr T it o
P ¥

2. Operational stability”

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 25



Summary (1):
Challenges at high multiplicities

1. Impact on accuracy in tracking and PID

» overlapping tracks: ’ = minimized by high granularity
(custer pile up) (small pads) and low diffusion
N | gas mixture
- distortions due to space
charge -
* baseline fluctuations. < ‘
(ion tails) ey X
I L
2. Operational stability” O
* ageing problems N

+ operational stability

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 26



Summary (1):
Challenges at high multiplicities

1. Impact on aCCura'c}'\ in tracking and PID

* overlapping frqcks\\ = minimized by high granularity
(custer pile Up) (small pads) and low diffusion
‘ | gas mixture
. distortions due to space = minimized by drift gas mixture with
charge - low primary ionization (low Z)
* baseline fluctuations. < »
(ion tails) f/f o
> .’-}%A/@ i
2. Operahonql stablllty O
* ageing problems N

+ operational stability

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 27



Summary (1):
Challenges at high multiplicities

1. Impact on aCCura'c}'\ in tracking and PID

* overlapping frqcks\\ = minimized by high granularity

(custer pile Up) (small pads) and low diffusion
| gas mixture

. distortions due to space = minimized by drift gas mixture with
charge 2 low primary ionization (low Z)

. baseline fluctuations. ~’: . = removed by ALTRO online processing
(ion tails) - Gg”f:.- - (fully commissioned in 2011)

o A/‘?’ Z9 / NG
2. Operahonql stablllty AR
* ageing problems N

+ operational stability

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 28



Summary (1):
Challenges at high multiplicities

1. Impact on accuracy in tracking and PID

» overlapping tracks: ‘ = minimized by high granularity

(custer pile up) | \ (small pads) and low diffusion
X | gas mixture

- distortions due to space = minimized by drift gas mixture with
charge 2 low primary ionization (low Z)

 baseline fluctuations \‘f:\ = removed by ALTRO online processing
(ion tails) - xf@‘ - (fully commissioned in 2011)

IR \
2. Operational stability” AR
* ageing problems = none observed so far (~1.6 pb! pp

collisions, 9 ub! Pb—Pb collisions)

+ operational stability

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 29



Summary (1):
Challenges at high multiplicities

—ANN——

ALICE

1. Impact on accuracy in tracking and PID

» overlapping tracks: ‘ = minimized by high granularity

(custer pile up) | \ (small pads) and low diffusion
X | gas mixture

- distortions due to space = minimized by drift gas mixture with
charge - low primary ionization (low Z)

 baseline fluctuations she = removed by ALTRO online processing
(ion tails) -2 (klly commissioned in 2011)

= e, Y \
2. Operational stability” AR
* ageing problems = none observed so far (~1.6 pb! pp

collisions, 9 ub! Pb—Pb collisions)

= Some HYV trips and also some
 operational stability damage to FEE happening as
luminosities increase.

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 30



Summary (2)

» The ALICE TPC isgilarge 3-dimensional tracking device for
ultra-high multiplicity events

- It has been operated successfully with pp and Pb—Pb
collisions at the LHC

* A physical model of-all possible distortions allows their

correction and permlt\j,-;f he best possible calibration

* The TPC offers powerfui PID with an energy resolution of 5%

- A transverse momentum resolution of\ 20% at 100 GeV/c can
probably be pushed to close to 5%

 See also posfer 41: “Trigger induced mechanical resonance
of gating wires in the multi-wire proportional chambers of the

ALICE TPC”

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 31
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: : \
Space charge distortions \

ALICE

b

N

« Drifting electrons are deflected due to space charge
* So far invisible in pp a and\Pb Pb collisions
. Some effect expected BE iUt Pb—Pb luminosity

*  Maximum expected distortions: r = S5mm (left plot); dr = 0.8mm (right plot)
- Space-charge is in general radially symmetric
* read out chamber |mperfechons ((leln leakage) on top

A side, z=1cm qum

10,04 2

A side, z=1cm 1

0. IH

drphi unl

10,02
=0
—-0.02
-100 1-0.04
-150 -0.06
=200
250, SRR L L L L 250 bl Lol G bawea b e Lioaabaiis
-‘) "I)(l l\(l ll)'li s(l 0 50 100 150 200 250 = Q,‘) 200 - l,(; 100 ,0 0 ,0 100 150 200 250
X [em] X [em]

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9t — 14t June 2011 34



Improving the operational stability

N\
Reduce stored energy by reducing capacitor size in HV
distribution =~ Y

2. Add additional mput protection to FEE by installing modified
cables.connecting FEE to padplane

3. Until then the gain in | the concerned MWPCs will be reduced

to avoid damage. The\m\pact on the performance is small
ﬁwy
= ‘»«:/» G i Input from HV PS

7 BN ~ " [ 4xA7nF
Cathode wires 4 Wire pqu 7 "
per IROC
Wire pad

N —————— B

Cathode plane ) N N N N N N N NI
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\

ALTRO processing chain N,
ALICE

DATA PROCESSOR

Baseline Tail Baseline
: Zero Data
Correction Cancel.

Correction .
Filter " Supression Format

Baseline
Memory

COMMON Config
CONTROL and Status Trigger

LOGIC Registers Manager

(1 Runs with Sampling Clock
B Runs with Readout Clock BD CTRL

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 36



Space point resolution
AL

» Depends on drift\l’é\hgth (diffusion) and pad inclination angle
(shown here) .

y = r¢- _directgon

tan{a) = 0.92

driftlength (cm)

Space-point resolution in r¢: 300—500 um for high—p; tracks

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011
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Space point resolution (more)
ALl

» Depends on drift\l’é\hgth (diffusion) and pad inclination angle
(shown here) .

tan{a) = 0.92

driftlength (cm)

Space-point resolution in z (drift) direction

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2011 38



Standalone momentum resolution

Measured with comic tracks in 2009 by comparing the two track segments in
the upper and lower half of the TPC
N ~ Design value: 6 (p;) / p; = 4.5% at 10 GeV/c

ALICE performance
work in progress
Dec. 2009

P, (GeV/c)

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14% June 2011 39



PID performance (2

N

_ R Pad row 159
Energy resolution from cosmics, 2009

- 0.08
O
T
o 0.06
)
=
£ 0.04 S
3 \
L
O N
o \
N

80 100 120 140 160
Ncl

« Dependence of the resolution on the
number of clusters along the track

C. Lippmann, Performance of the ALICE TPC, TIPP 2011, Chicago, 9" — 14t June 2|(>)(il

)

iﬂrowO

schematic

track
crossing d
full TPC

sector
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