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Relativistic heavy ion collisions — QGP in laboratory
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Physics program as presented in 1993:

i - . . . Letter of Intent
1) Initial conditions of heavy ion collisions - etter of inten
- global event features, Ny, for
- produced energy density A Large Ion Collider Experiment

2) Quark-gluon plasma (QGP)

-direct photons and thermal electromagnetic radiation
- energy loss of partons at QGP
- J/y probing the deconfinement

3) Phase transition to QGP -
- strangeness production C
- multiplicity fluctuations TN
- particle interferometry (to probe the expansion time of the mixed phase) s

4) Hadronic matter e

- particle ratios (chemical composition), p; —distributions ' CEen Bice 316

- freeze-out radius of the hadronic fireball 3
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 |Letter of Intent submitted 1993
* Finland joined ALICE 1998

Physics program presented in 1993:
Letter of Intent

1) Initial conditions of heavy ion collisions -
- global event features, N, for
- produced energy density A Large Ion Collider Experiment

2) Quark-gluon plasma (QGP)
-direct photons and thermal electromagnetic radiation “[...], reflect the energy loss of partons

- energy lC?SS of partons at QGP! (before fragmentation) and this results
-J/y probing the deconfinement in striking differences in the shape of

3) Phase transition to QGP - + the spectra predicted for nucleus-
- strangeness production nucleus and pp collisions.” N
- multiplicity fluctuations ---nocitationgiven "
- particle interferometry (to probe the expansion time of the mixed phase) |

4) Hadronic matter Sce

- particle ratios (chemical composition), p; —distributions CERN Hice 3516

- freeze-out radius of the hadronic fireball 4



Long Shutdown 2 (LS2) upgrades:

ALICE specialty - non-triggerable observables:
* Quark-medium interactions via measurements on
heavy flavoured hadrons down to low momenta
* Disassociation and regeneration via measurements
of charmonium states
* Medium evolution via thermal photons and dileptons
* Production and degree of thermalization of light
and hyper nuclei \
Keep old:
* Tracking down to low momenta
* Particle identification over large momentum range
Bring something new:

e Continuous readout of detectors
* Large minimum bias (MB) data set with low pileup
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In Run4!

Cylindrical support structure

LS3 Upgrades - FoCal and ITS3

ITS NOW

Half-layer
sensor

Half-ring ” ongeron

Beampipe

New vertex detector ITS3
- improve secondary vertexing and
pointing resolution
New forward calorimeter (FoCal) '
- physics of gluon saturation

FoCal-E
FOCAL-H
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Future upgrades of ALICE:

ALICE1

-what we had in Run1+2

ALICE2

- present setup
- Rung3, years 2022-2026
- refurbish subsystems in LS3

ALICE2.1
- Run4, years 2030-2033
- add forward calorimeter FoCal
and new vertex detector ITS3

ALICE3
- Runb, years 2036-2041
- new experiment!

FoCal-E

FoCal-H




Updated LHC schedule (October 2024):

Hl here, but not 2030

202 202 202 202 2025 2026 2027 2028 202
AM|][]|AIS/ON|D{J|FIMAMI|]|]|A[S|OIN|ID| J|FIMIAM| 1| J|A|S|O/N|DI I |FIMIAM|I|J|AIS|O|N|D{ ]| FIM[AMI[]|] |A|S|OIN|D|{ | FM|A[M| ] JAS(/) JIFMIAIM| ]| J|A|S|O|N|DY I |FIM[AM| ][] |AIS|OINID| 3| FIMAIM[ ]| [A|S|O[N|D]
et
Run 3 Long Shutdown 3 (LS3)
203 203 203 203 2034 2035 2036 2037 203
AM J|J|AISION|ID|J|FIMAM| ]| ] |A[S|OINID] I [FIMAM|J|J|AISIONIDI I FIMAMI[I|I[AIS|ONID{I|FIMAM|I|J|AISIONID{ ]| FIMIAM J|J|A[S|O|N|D{J| FIMAM| ]| J|AIS|OIN|Dj J(FIMIAIM J[J[A/S|OIN|D{ I |FIMAIM| J [ J|A|S|OIN|D
Run 4 V LS4J ( RUNS |
2039 2040 2041 LS3 start 7/2026 - +7 months
AM|J[J|AISION|D|{J|FIMAMI|]|]|A[S|OIND|J|FIMIAM| 1| J|A|S|O/N|D nutdown/Technical st RLII’]4 StartS 1/2030 9 +1 2 mOnthS
EYETS zci%omn:i::::with . Run 5 & Run 6 combined
rerdware commissioning — LS5 cancelled, replaced by
12/2041 = end of the HL-LHC extended year-end technical stop

> FCC-ee 2045-2048, FCC-pp ~2070-2075 (?) (EYETS)
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Continuous read-out and online processin

ALICE3 - Letter of Intent

[= Novel and innovative detector concept

FCT

Compact and lightweight all-silicon tracker Tracker

TOF

ALICE 3

Retractable vertex detector

Extensive particle identification
Large acceptance
Superconducting magnet system

RICH
ECal

Magnet
Absorber
Muon identification

What is drives the design?


https://cds.cern.ch/record/2803563/files/2211.02491.pdf

EM I"adiation — thermal photons: ALICE, Physics Letters B 754 (2016) 235

T TTTH
1 1 111IT]

:? %y, Pb-Pb {s,,=2.76 TeV A exp(-p./T )

Mean free path of photons and electrons ~100 fm > " [¢] 0-20% ALICE  — 0-20%
- leave interaction regi ithout further int ti ¢ 10% [4120-40% ALICE ~ —20-40% =
gion without further interactions Ol ] [+40-80% ALICE E
3T [ ) ]
% %.. 10 E
(yield) ~ |, (emission rate) r: ?
4—volume ZF F :
e 1F 3
(4] - =
ALICE: inverse slope ~e7PT/T | T ~ 297 + 125tat 4+ 415YS MgV, i i
An effective temperature reflecting evolution over the whole 107 3
fireball. - .
107 . E
Detailed hydrodynamical simulations: ‘ E w
* Initial temperature at center of the fireball 7., = 345-740 MeV 1o K =
. e ey . - P l. -
(large spread due to assumption of initial time) - a%:it5%9?06738 . < 107
» Average temperature theoretically a bit “cumbersome”, joeL " Linnyk et al. , L]
. E arXiv:i1504.05699  -- Chatterjee etal. ™~.. =~ 3
depends on choices - V. Hees et al. PRC 85(2012) 064910 "3

NPA 933(2015) 256  + JHEP 1305(2013) 030

1 1 1 | | | | I 11 1 | | . | | | I | | I 11 1 | | 4
1 1.5 2 2.5 3 3.5 4

P, (GeV/c)

* Photons are blue shifted by flow = affects interpretation

—
o
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ol

This result from ALICE1
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ALICE3 - Temperature evolution of QGP

electromagnetic radiation (virtual photons — £

Dilepton mass spectrum:

* mass window dominated by the
thermal dileptons

10 /e

| CERN-LHCC-2022-009
* slope of the mass spectrum ALICE 3 Lol, CERN-LHCC 2022

:";10§K\ALI]CE'3'S|M(;V'I"')"'l"'l"'l“'l""l""g ;400_|H||1||||||||'||l||l\|||v|'1|v_—
<:> tempe ratu re E " 0-10% Pb-Pb, |5y, = 5.02 TeV f Lu=58n0 ] g . ALICE 3 Study
E 1§—TOF+RICH (40, rej), B=05T Syst. Uncertainties: _E : : 0-10% Pb-Pb, m =5.02 TeV
g [ o2e<py<sfelion <08 [Wlsi. (5% +bkg. 0.02%) ] 350 L, =5.6nb" i =]
. . g L o bremsstrahlung include - i _ - ]
* invariant mass A oAl @
- better accessto T T “w temperaturg > T p
B ) B ]
ik x“‘»ﬁ : i !
c e . . - 1 o5 Time dependence of_ ]
* binningin dilepton pair py el — ' temperature only | ]
& access to time i st e N accessible with ALIGE 3 I
§ 125 3 2001 Fit Range: 1.1 < m,, < 1.8 GeV/c? i
8 e T (stat. unc. only)
% 7 lreal 1
© 08 X X A | | ) . . . ) . 150-111111111111ll[llllllL111111111
02 04 06 08 1 1.2 14 16 18 2 22 0 05 1 1.5 2 25 3 0-4
m,, (GeV/c?)
Pl (GeV/o)

Gimmick: Precision electron identification
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Heavy quarks at the QGP medium:

ALICE, JHEPO2 (2024) 066

B Q-2 - B B B L B B A < 2 AL L L Bt
Q:": 2 PromptJiy, Pb-Pb, {5, = 5.02 TeV, 0-10% — f.t<1-8:— ALICE . -
18E = ALICE, Jiy — e*e, |y| < 0.9 E - Pb-Pb, 0-10%, |syy = 5.02 TeV -
3 o ATLAS, J/y — ', ly] < 2.0 E 1.4} L B?Stsaociaﬁon E
14 + ; 1.2] + SHMc -
1.2 — 1? BT ]
= . - R il B
| . b= . ]
0.8 E 0.8f e
o6 " = 0.6/ : E
0.4F - 0.4F e
- " - C [ W ] ] -
0.2 — 0.2 —]
- | I R | | R BT |: - | ] | ] | | | ] \_

% 5 10 15 20 25 30 % 2 4 6 8 10
P, (GeV/c) P, (GeV/c)

Dissociation = melting of bound charm states due to Debye colour screening
SHMc = statistical hadronization model with charm
BT = Boltzmann transport model, includes dissociation and regeneration in medium

These results ALICE1 = ALICE2 much better statistics 12



ALICE3 -two-particle correlations with charm

Charm diffusion in QGP with DD-correlations k

* Degree of thermalization of charm Q;
‘o

- Gimmick: Large acceptance, PID, high-rate
example: D* 2 Knn, D, 2 KKp

ALICE 3 Lol, CERN-LHCC-2022-009

1oeCharm pair azimuthal correlation 0_3Charm palr azi muthal correlat|on
‘ID 1 20 j | | Expec1ed ALICE[Z perlormancle, le =13 nbh t ‘:c 60 _— ALI|CE 3 Study L o= 35 nb 1 ! I_:
£ = PYTHIAB.2, {5y, = 5.5 TeV, 0-100% central R © [ ¥~ Nequanching PYTHIA 8.2, {5y, = 5.5 TeV, 0-100% central ]
g ~ 100 - D°-D° azimuthal correlations, bkg-subtracted . & e 50 IR Full farmatisation D°—D azimuthal correlations, bkg-subtracted s
21 | P'5 4 Gevic, 2 <pT <4,y | <0.8 i 2 le L p¥ >4 GeV/c,2<pl <4,y | <4 =
- - (] e -
3 S w t 51 i B 2 40 : =
- Not accessible without ALICE 3 - D) . 40 =
~— 2 B - — 2 E E
601 + 30— ot PR WO . % -
B - 1 -t0O- =
T I el | LT ] (s E | correlation
Ru n 3 + 4 20 weT | |t 10 :_ Correl. unc. + 1.8e-04 (indep. c-cbar contrib.) _:
. .. - I T - Unc. NS width + 18.0%, AS width + 3.8% R
statistics bl Ll L Co BRI - Unc. NS yield  19.3%, AS yield + 3.4% -
— B 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I_
1 1 2 3 A 4 (rad) == 0 1 2 3 4
¢ Ao (rad)
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Thermal models — enhancement of heavy states:

Yield dN/dy
2 2

102

10k
10k

100k

Data/Model

—
o

101

10}

[ who .
: Pb-Pb \[s,,=2.76 TeV, 0-10% centrality . . .
T Kk K w A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel,
T, RPAR Workshop proceedings, arXiv:2101.05747 [nucl-th]
- = §+
"‘*""‘Q-—+ “ L L B B B BN BN
..a  _ O 10%kar Pb-Pb \s,,=2.76 TeV, 0-10% centrality -
dd T F. K .
it £ 102k o Data, ALICE .
o E .. P A ® particles 3
2 10 = .'"' — ® antiparticles =
(0] E & X 3
® Data, ALICE *He *He 3 9F _g' 1L ¢ es ) Statistical Hadronization -
s oty YRUULINC = E . Q _ 3
— Statistical Hadronization T-L-Qi-\ 2 10'E o total (after decays) _
> E T primordial (thermal) 3
4H7 1 0—2 3 -...." 2
4HB e E ‘... 3
+_L 107°F 3 E
F e 3 3
4 u AH ]
107 o E
10°F .
i . *He ]
10°F bl
+ + + 10_7 i o b v b b v b b b b i
0 0.5 1 1.5 2 25 3 3.5 4
0 - = = o o = 3, 3= 3,, 354, , 40—
nnKKKSq)ppAA--QQddHeHeAHKHHeHe MaSS(GeV)

« Statistical hadronization model (SHM) describes observed yields well
* |F charm quarks are thermalized, SHM predicts very large enhancement of multiply
charmed states compared to fragmentation based hadronization

14
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ALICE3 - studies on hadronization

Thermal models predict very large enhancements
foryields of the multi-charmed hadrons

- Gimmick: all above + “strangeness tracking”

T T
100+ ALICE 3 Full Simulation

50+

-50+

-100+

PP {5y, = 14 TeV Sl

100 50

50

e e o i e P e e el el e i

T T
ALICE 3 Full Simulation
PP Y5y = 14 TeV

7.0cme

counts/(5 MeV/c?)

ALICE 3 Lol, CERN-LHCC-2022-00

vvvvvvvvvvvvvvvvvvvvvvvvvvvv | S L B

2000~  Only accessible with = k:
- ALICE 3# ALICE 3 Study Z
1800~ Pb-Pb 0-10% PYTHIA ]
C x100 enhancement 20<p_(GeVic)<150 3
1600_ in Pb-Pb wrt pp +i 2401Tesia mag. flald -
35 nb"’ Pb-Pb datataking -

1400 :_ Particle + antiparticle _:
- { 3
3 * pr>2.0GeV/e

oAV A et

3095“5:%“54“55‘“‘36"57'“66"56“'4””41'"42

E.. mass (GeV/c?) ’
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R(m)

ALICE3 a reference detector that can do |t all

ALICE 3 layout n= 1 140
Version 1 wip
3
n
ABSORBER

¥ _0 \ \ GNET / / / o )

EdAL
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N\\\7rﬂiL\\\“‘\\\\\\\\\\\\\\ —_— == - \ TOE £ ’//’/’/’//,//,JF~25”//

= _I==S=s J l l | § E=—=-s

—— 55— == | T L =88

H_‘_JEELA____ZZIQEEH ] Imm—-— e mm l | [ l l l ;;;i::;;:::;.4_4ZZZ::::Ii:::::::ﬂEEﬁI[::::0
4 3 2 -4 -5 -6

(m)
* Alarge acceptance |n| <4 and compact radius detector (length |z| <5 m, R=3 m)
* New superconducting 2 T magnet, vertex detector inside the beam pipe
* Particle identification = time of flight (TOF) + ring-imaging Cherenkov detector (RHIC)
+ electromagnetic calorimeter (ECAL) + muon identification (MID)
* Fast, silicon only technology, similar readout scheme as in ALICE2
— pp collision rate 24 MHz (up to 50x more) and Pb-Pb rate ~100 kHz (x2 up)



ALICE3 -retractable vertex detector

///////////////////////////

e \/ ........................................................

. Secondary vacuum
Primary vacuum case y
case

Primary vacuum
case




ALICE3 - current timetable of the projects

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033

2034 I

Run 3 | LS3 | Run 4

Q1 Q2 Q3 Q4/Q1 Q2 @3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4|/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

ALICE 3

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Detector
scoping, Selection of technologies,

WGs kickoff R&D, concept prototypes

Contingency and
precommissioning

[ / [
Magnet Design, R&D Contingency issioning
: : On-surface
IT Design, R&D Integration | Contingency issioning
oT Design, R&D Contingency | Integr.
: . On-surface
TOF Design, R&D Contingency e
RICH Design, R&D Contingency | Integr.
ECal Design, R&D Contingency Integration
. On-surface
MID Design & Prototyping Contingency | commissioning
FCT Design Contingency | nissioning
FD Design Contingency |Integr.

18




Finnish contribution to ALICE3

Outer Tracker of the new ALICE3 experiment:

* ALICES3 tracking will have total of 11 layers (12 for end caps), |n| <4
- vertex detector: 3 innermost layers inside the beam pipe
- 4 middle layers
- 4 outer tracking layers

 ALICE3 Outer Tracker (OT)
- large area of ~50 m? : barrel 33 m? and disks 18 m?
- total of 10 000 OT modules, each containing 8 chips,
and each chip 60 wire bonds = 4.8 M bonds
- with an automated bonder, 3 s per wire = 4000 net hours
- 5 hour curing time for the radiation hard glue (Araldite 2011)

—> several years, if modules manufactured one-by-one

OT module production needs to be industrialized

* Plan: contribute to R&D of the OT module production

19



Finnish contribution to ALICE3 - where we are today?

CMS MTD ETL CMS PPS tracker CMS PPS tracker ALICE 3 Outer Tracker | i LHC computing data storage
2025 2026 2027 2028 2029 2030
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
MTD ETL Preparing QC centre (procurement and set-up of devices
Quality control Testing of pre-series production
of LGAD sensors Testing of main-series production: batch 1 to 4
WP2: Participation in prototype phase of pixel modules
PPS tracker module Production and exgrcising of module glueing jigs
production and Pre-production module assembly and QC
quality control Main production of modules and QC
WP3 Module prototype production: QC and beam tests

PPS timing detector,

integration, module QC, Preparation for Roman Pot integration

Main module production: QC and beam tests

WP4:

ALICE Outer : Industrialization with VTT A LI C E 3
Tracker Pre-production of modules (VTT), wire bonding at HIP, production readiness review | |

prucnon Main production at VTT and HIP  § ‘

Finnish LHC

computing data P:'ocyremegt e

storage Installation and commissioning

Timeline

* Joint CMS-ALICE proposal to select CERN to Roadmap for Finnish research infrastructures 2025
—> decision by end of January 2025

 For ALICE3, Roadmap application covers 2/3 of Finnish core contributions + our plans for the R&D

* Industrialization of the Outer Tracker module production:
- Collaboration with VTT Technical Research Centre of Finland Ltd
- VTT: mass production of module production using industrial pick-and-place robots
- HIP lab: wire bonding of the tracker elements with our new automated bonder

- Inside ALICE, also Korean group works with industrialization -



Summary:

Will we see the next generation heavy ion experiment?

We shall find out in ~2026 - hopefully even earlier:
- first parts ordered soon! — not available later
- technical design reports (TDRs) 2026-2027
- engineering design runs (EDRs) 2027-2028
- production readiness reviews (PPRs):

Outer tracker 2028

Majority of other systems 2029-2030
Forward disks 2031

21



ALICE3 - what would it cost?

Table 2: Summary of CORE cost estimates of the ALICE 3 detector layout version 1.

Default version:
e Detector 149 MCHF
e Commonitems +22 MCHF

System Technology Cost (MCHF)
Inner Tracker MAPS 13.7 Total >170 MCHF
Outer Tracker MAPS 27.8 ( core on ly)
TOF Monolithic LGADs 18.0
Hybrid LGADs . .
RICH Aerogel, SPMs +14 MCHF, if future R&D is not
ECal Pb-scintillator + PbWO, 18.1 successful and fallback needed.
MID Iron absorber, scintillator bars, SiPMs 4.0
FD Scintillators, PMTs 1.1 +3.5 MCHF, if Forward conversion
Magnet system Superconducting solenoid B=2T 31.0 tracker ( FCT) included
Online Computing CPU and GPU nodes, disk buffer 10.3

Total

Common items

FCT

Beampipe, infrastructure, services
TC design and engineering

MAPS, dedicated dipole magnet

148.2
+11.1
+10.9

+ (?7?7?) MCHF, if FoCal included

Total of 6 running years.

- nho major exp. comes cheap! -




ALICE3 - descoping of the experiment

Standard procedure: prepare scenarios that are 10-30% cheaper to the LHCC.
LHCC review gives recommendations to funding agencies.

ALICE3 scoping document — public partin this link.

Version Cost (MCHF) Difference to vl
Reference detector layout v1 148.2
Without ECal —18.1 —12%
Smaller radius of magnet —6.3
Smaller radius of absorber and MID —-04
Detector layout v2-2T 123.4 —17%
Magnetic field of 1 T —5.1
Detector layout v2-1T 118.3 —20%
Without TOF and RICH disks —3.0-43
OT disk surface reduction -5.0
IT disk surface reduction —-2.0
Shorter magnet (1 T) -3.0
Detector layout v3-a 101.0 —32%
Smaller RICH acceptance —6.5
Detector layout v3-b 94.5 —36%
Common items +22.0

Additional cost with FCT +3.45

Reduce performance, save money:

* Letter of Intent version, 149 MCHF

* No electromagnetic calorimeter, 124 MCHF
* Previous, and lower B-field, 119 MCHF

* Evensmaller B and reduce |n|, 95 MCHF

* |nall scenarios, +22 MCHF common items

Save money 12-36% with more and more
painful reductions on performance.

(No time to discuss details today.) .


https://alice-publications.web.cern.ch/system/files/draft/10248/2024-08-20-ALICE_3_Scoping_Document_v1.0_16Aug_LHCC.pdf

ALICE3 - descoping of the experiment LHC experiments committee

/

Standard procedure: prepare scenarios that are 10-30% cheaper to the LHCC.
LHCC review gives recommendations to funding agencies.

ALICE3 scoping document — public partin this link.

Example: what if we save money by building a weaker magnet?
C 00 o e B e e e e o B B e O L B B B B BN Y i o B B L AL I LA

3500-Current ALIGE & 1 - ALICE 3y 3-4 2T {F ALICE3y3-4 1T ALICE3y3-405T -
3000 ALICE 3 midfy 2T - 6~35MeV | £ 0~70 MeV 10 0~140 MeV
2500 il :
2000°
1500
1000;

|
|
T
'
L L

0% pr ~187 ,~197 ¢
0™ i

|||1|:v 1""1J

T T,

' I ebspiop o ] (Fuy | [ AT PR g 5 1
14 16 18 2 22 24 26 14 16 18 2 22 24 26 14 16 18 2 2.2 24 26 14 16 18 2 22 24 26

KKn invariant mass (GeV/c?) KK invariant mass (GeV/c?) KK invariant mass (GeV/c?) KK invariant mass (GeV/c?)

\

Mid rapidity, large field Forward rapidity, reduce fieldfromB=2Tdownto 0.5T 24


https://alice-publications.web.cern.ch/system/files/draft/10248/2024-08-20-ALICE_3_Scoping_Document_v1.0_16Aug_LHCC.pdf

ALICE3 - what does weaker field mean for the PID?

’6\ rfrvyrvfryryrvrrrrrroprrry ’G rvlyvvyrrfryrrrrrrerory ’a T T T T
S 10°F oix3oseparaton 3 S 10°F Kx3oseparation 3 S 10°F PK3cseparaion 3
» [ B=20T COToF(wey 1 s [ B=20T Cortormey o [ B=20T o (me
S ¢ TOF (owe) ] S ¢ EJTOF oute) ] S ¢ K (5] TOF (outer)
L (7] TOF (forward) < 5 2] TOF (forward) 4 (2] TOF (forward)
o e/ JU (3 it e Sy K/Jl' 2 RcH tare) o (3 A e
105- S RICH (forward) 10\ EJRICH (forward) 3 105— S RICH (forward) 3
3 sigma separation A z : 5 z
10" E 107'F E 10'F E
- 3 3
coverage: p, Vs 7 :
10%F 3 10°%F 3 10°F 3
ala ] el 1 ] e wdia 1 | ] il L
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
° T T T ) TTT T T T <
— 2 g 2 -~
> 10°F o/x 30 separation 3 > 10°F Kix 30 separation 3 >
) B=1.0 3 TOF (mnor) ) B=1.0 CoToF (e 3 ®
g L / 5] TOF (outer) 9 =) TOF (outer) S?,
L [ TOF (forward) ) TOF (forwarc)
a e/ (2 RICH (oarre) Sy K/.Tl: 2] AICH (oarro) a”
B_1 T 10 S RICH (forward) 3 10 E_JRICH (forward) 3

3 sigma separation >
coverage: p; Vs 7 ;

iy
vr!vm%’viv‘!u T™rTTT

102-_ 1 1 1 1 3 102:- 1 1 1 1 E 1
Olll‘1.ll‘2‘..‘3‘..l4“ OI‘A‘1..‘l2.‘..3“‘.4.‘
§2 ) EOLOT BN VI RN IR U R I Q <
> 10°F -~ o/x 2.50 separation > ;
g EER S 8 8
Ny e/ JT £ i ey ol Ny
105— S RICH (forward) 3
2.5 sigma separation
coverage: p. Vs 7
102 3
Fal 7S P 1 P
0 1 2 3 4
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