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The Quark Gluon Plasma

Early universe

) * Quark deconfinement possible
S[EEiLS gll:c:n et with sufficient energy density
6o%.

°® g * Transition between hadron gas
©s %0 and QGP

T~ 160 MeV - 175 MeV

color
superconductor

Temperature

1 see: Alford, Rajagopal, Reddy, Wilczek
B Phys. Rev. D64 (2001) 074017
vacuum

Baryon Chemical Potential
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Heavy lon Collider ™
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Collision Geometry

» Centrality: overlap between nuclei
— Nyo: NUMDber of participant nucleons

— N,i,: number of binary collisions \
¢ Nbin 2> N /2 \(Npart and |\Ibin from

part Glauber model calculations)

— Measured through:
» charged particle multiplicity (N,)
* number of spectator neutrons

‘ finto screen .
out of screen

“Central” “Peripheral”
Small distance between Large distance between
centers of nuclei centers of nuclei
Npart’ |\Ibin’ Nch Iarge Npart’ Nbin’ Nch small
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Collision Geometr

STAR: Au+Au 200 GeV

finto screen

N, ~ 4000

out of screen

“Central” “Peripheral”
Small distance between Large distance between
centers of nuclei centers of nuclei
Npart’ |\Ibin’ |\Ich Iarge Npart’ I\Ibin’ Nch small
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High-p- Particle Suppression

» Sensitive to medium properties PHENIX: Au + Au 200 GeV. central

+  Partons lose energy in medium o?m:— s sy o
— Gluon Radiation : o e
parton l
hot and dense medium f AA " '}é %
— High-p; (> 2 GeV/c) particles y ?ét*bf Aﬁ#” fMMé H (%
suppressed 10F +

— More suppression expected in

central collisions 0" 012 14 1Fi((;1§,/62)o
« Compare to p + p (no medium) * ynot suppressed
* Nuclear Modification Factor (R,,) — not strongly interacting

— N, ,-scaled ratio of particle yields

— No Medium Effect: R, = 1
* (for pr > 2 GeV/c)

Hadrons suppressed in
central collisions

 (Consistent with formation

Yield(A+ A) of QGP

: Other Tests: Jet
Y|eld(p T IO) <Nbin> Quenching, Elliptic Flow

RAA(pT):
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Heavy Flavor and the QGP™ ™™

Heavy quarks produced in
initial hard scattering of
partons

— Dominant: gg=>QQ ENERGY LOSS
— Production rates from pQCD

— Sensitive to initial gluon 03} light
distributions dead cone 'g

Heavy quark energy loss ol chamm
— Prediction: less than light quark ~ 2Ei ~

energy loss (dead cone effect) E BTl

parton 9% pesns | 011 /

mg|ue 203566\/

hot and dense medium oL | - L=5fm, A=1fm
N - 5 10 15 20 25
— Sensitive to gluon densities in E [GeV]
medium M.Djordjevic PRL 94 (2004)

Quarkonium Suppression
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Measuring Heavy Flavor

Study hadronic decays: D°—Kr, D*—>D07,
D*—>K7zx, DJ*— g
... and semileptonic decays:
— € — u* + anything (B.R.: ~7%)
— € — e* + anything (B.R.: 9.6%)
e DO — e* + anything (B.R.: 6.87%)
 D* — e* + anything (B.R.: 17.2%)
— b — e* + anything (B.R.: 10.9%)
 B*,BY9 —» e* + anything (B.R.: 10.2%)
Heavy flavor decays dominate non-photonic
(single) e* spectrum; b decays dominate at
high p
Photonic e* background:
— yconversions (z— yy, y— e'*e’)
— Dalitz decays of 79, n, 7
— p, ¢, K 5 decays (small contributions)
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Non-photonic e*

Remove Photonic e* Background

« Combine e* with oppositely .

charged tracks in same event;
*is background if M., < 150

I\/IeV/c2 .

STAR Non-photonic e*, \/SNN—ZOO GeV

m : |j e AutAu0-5% (x1IIIIII[Il]
> v Au+Au 10-40% (x100)
O M s Au+Au 40-80% (x10)
E 2 M L] d+Au

- 10 i m = p+p (right axis)

g i

L)
z2 . 5, "w = Au+Au:
i = a4 40-5%
al - ® m |1| " o U-070

@

§ 1o m ™ ©10-40%
i r]

8 w

= o ©40-80%

Y
=
da

is:mn s

------- scaled FONLLD — &

-------- scaled FOMLLB — &
scaled FOMLL (D+B) — & p+p

10— 4 6

1[]-1|:|

10
P, (GeVic)

STAR: B. I. Abelev et al, Phys. Rev. Lett. 98 (2007) 192301
PHENIX: A. Adare et al, Phys. Rev. Lett. 98, 172301 (2007)

7 10°

Simulate background e* from
“cocktail” of measured
sources (y,7°,n, etc.)
Measure e* with converter,
extrapolate to 0 background

PHENIX: Non-photonic e#, \'s,, =200 GeV

IIIIIII|JIII|\III|\\JI‘\I\IM\IIIIIIIlIIIIl

Au+Au:
0-92%
= 0-10%
1 10-20%
- : 5 20-40%
40 O MinBiasx 10t ¥ R, v ] _RNO
1070, e b & 40-60%
1011 ® 10-20% 10" i :
A 20.40% x 10°
1025 v a0.c0%x 10" 60-92%
q3[ © 60-92%x 107 b
10 & pepxi0iazmb  AutAu @\[S], =200 GeV p+p
10_14IIII|IIII|1III|\III|\HI‘\I\I[\\Illlllllllllll
0 1 2 3 4 5 6 7 8 9

P; [GeVic]
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Perturbative Calculations

* Heavy quark production can be

calculated perturbatively
Leading Log resummed

to dominate?

— Within 3 GeV/c < p; <10 GeV/c

— Most Likely Value: ~5 GeV/c

« At what p; do b decays begin

Fraction of Total (c+b) Cross-Section
T T T | T T T | T T T | T T T l T T T | T
FONLL: bicth) |
S o S W == s
I lllllllll N ]
FONLL: c/(c+b)
10.1 1 | ] | | 'f“ 1 | | 1 | 1 | | l 1 1 1 | 1
0 2 4 6 8 10

A. G. Knospe
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« FONLL: Fixed-Order plus Next- FONLL: c and b decay contributions

to non-photonic e* cross-section

102 ; ]
1% X g = 200 GeV
100 5“2' *? € Uncertainty bands
= 10-1! vl <0.75 for e from heavy flavor:
S 10-2 — D—etX
B 10 — B—etX
o 1073
2 o4 =B DX —etX
> 1075 - (all FONLL)
:\PE: 10—-8
T 0-7
I 10
S 08—
m_—'
10710 = R Vogt =
10—-11 L 1 l : | ]
S 10 15
P, (GeV)

Cacciari, Nason, and Vogt,
Phys. Rev. Lett. 95 (2005) 122001
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Disentangling Charm and Bottom

 Azimuthal distribution of hadrons
w.r.t. non-photonic e* <Smalldo

« et can get bigger “kick” from B e
decay: broader same-side peak

« Also: et correlation w/ identified D°

h correlations with non-photonic e*
2.5 < P(trig) < 3.5 GeVic, PT(assa] > 0.3 GeVl/c

42 | ndf
STAR Preliminary * 53.31/ 61

0.25; B/(B+D) 0.3251+ 0.0518
0.2f
ZE J:
\:50.15
s
0.1
0.05 1
0 I....I....I....IPT'-.F).IZ.QQ.CIB.G.\./.I
3 -2 1 0 1 2 3
Ap

X. Lin, Strange Quark Matter Conference (2007)
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Disentangling Charm and Bottom

 Azimuthal distribution of hadrons ¢ PYTHIA Simulation: D and B

w.r.t. non-photonic e* contributions
« et can get bigger “kick” from B * Fit determines D vs. B
decay: broader same-side peak Ap =(1-R)Ap, +R- Apy
« Also: et correlation w/ identified D° « B-fraction consistent with
h correlations with non-photonic e* FONLL

2.5 < P4(trig) < 3.5 GeVic, P_(asso) > 0.3 GeV/c

Fractional Contribution of B

H Data points
Data uncertainty band
—— FONLL B/(B+D) band
........ FONLL B/(B+D) for R,m calculation

42 [ ndf
STAR Preliminary *© 53.31/61 .

0.25 B/(B+D) 0.3251+ 0.0518

STAR Preliminary
p+p 200 GeV

e
_____
awmn
......
am=

mwm=
_____
v
.

-

et P¥P200GEV T
-3 =2 -1 0 1 2 3 022. 3 354455 55 6 65 7

A p. (GeV/c)
X. Lin, Strange Quark Matter Conference (2007) L
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Charm Cross Section

DO, 4#, and e* invarian

t yields

™ L] T T ]
g 10 ety At * []: !'rl AusAn I\:l'ﬂ"‘g
= D i deAu 22107
Q oD setipt A . s
U 5 N &2 in Au4A u minbiag _
- 10 i - B & inAusdu central 12% [+5]
'.5: """ Pywer-Law A P im Au+An minbias =
.'ul_ o A Im Au+Ao central 12% [S] |
n- e O *
-3 Tk O &Elind+Au
= O & inp+p
_ ! R Ty
N:!- k-2 4+ ﬁ' g Systemntic Frror
zm _.l\. ﬂ_. -;r = g
':_'l‘_-: _.'fr .. W .|
—— ., .
i
Nz i [ ] .'. ! R
° ., Wy S
g, | [ m._
100%™ % I
G By € "
- "'---..tp"r;:-ﬂ_@ L L R E
'?--.m “‘"-c ..
5 g » ; l;l . ‘s 4
1071 -3 -
- STAR Preliminary I_
— L1 Ll I 1 | L1 | -
0 1 2 3 4 5
P, (GeVic)

C. Zhong, J. Phys. G 34 (2007) S741-S744
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PHENIX: o, from non-photonic e*
STAR: combined fit:

— DO->Kr

—

— non-photonic e* (TOF used)

— covers ~95% of cross-section
Scales with N, .:

— charm produced in initial hard

scattering
— No thermal production

STAR o, > FONLL calculation

2000
- STAR
- ® daiu
- B AuAuMB
~ A AuAuCT
- L
5 1500 L ] Phenix
Z o . - @ Auhu 0-10% {2002
~ : B AuAu ME (2002)
|8 1000 A Auhu ME (2005)
r W pp (2006)
i O ep (2008)
so0k- | | J—1 | |
L +l
L FONLL
0

p+p d+Au Au+Au
A. Suaide, Quark Matter Conference (2006)
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Nuclear Modification Factor™ ™"

° - 1 +-.
PHENIX and STAR: R, for Non-photonic et Raa for non-photonic e*:

central Au+Au, E-ZOO GeV PHENIX consistent with STAR
ST+ starmwmoss | + Similarto light hadron Ry,
® Phenix Au+Au 0-10% i .
........... DVGL Rad dN,/dy = 1000 | = Models tend to under-predict
— — — BDMPS c+b §= 10 GeVZ/fm 1 suppression

* radiative and/or collisional
energy loss are insufficient

| Light Hadron Raa

(p. )= Yield(A+ A)

RaalPr )=
el H ! Yield(p+ p)-(Ny;, )
I | PHENIX: PRL 98 (2007) 172301

RS (O S MR S d S ) | STAR: PRL 98 (2007) 192301
0 2 4 6 8 10 DVGL: Djordjevic, Phys. Lett. B 632 (2006) 81
p_ (GeVic) BDMPS: Armesto, Phys. Lett. B 637 (2006) 362
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Nuclear Modification Factor

PHENIX and STAR: R, , for Non-photonic e*

_central Au+Au, \s, =200 GeV

P (GeVic)

A. G. Knospe
Yale University

* R, for non-photonic e*:
PHENIX consistent with STAR

:WAU Au 0-5% « Similar to light hadron R,,
° ’henix Au+Au 0-10% .
* Models tend to under-predict
——— DGLV Rad+EL supprgssmn o
van Hees Elastic  radiative and/or collisional
i energy loss are insufficient
iliT@G&‘; .
. ea..@..éé \M M___Mih |
B g | = = - Light Hadron R, ,
(p. )= Yield(A+ A)
AA T) 7 /-
| Yield(p + p)-(Ny;,)
| PHENIX: PRL 98 (2007) 172301
AT TP T M B STAR: PRL 98 (2007) 192301
2 4 6 8 10 DVGL: Wicks, nuck-th/0512076 (2005)
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Nuclear Modification Factor™ ™
PHENIX and STAR: R,, for Non-photonic et °  Raa for non-photonic e*:
central Au+Au, \'s =200 GeV PHENIX consistent with STAR
5 | : | i;ﬁﬁffﬁ;f’o; S 1 * Similar to light hadron R,
1 * Models tend to under-predict
suppression
 radiative and/or collisional
_ POLY charm Rad+EL energy loss are insufficient
"ffe- / | b only important at higher p;?
Gl
-I ﬁ # = — — =| Light Hadron R,
| 2. (p: )= Yield(A+ A)
10k H . MU Yield(p+ p)- (N, )
h 1 PHENIX: PRL 98 (2007) 172301
TP S B PR STAR: PRL 98 (2007) 192301

2 4 6 8 10 DVGL: Djordjevic, Phys. Lett. B 632 (2006) 81
P, (GeVic)
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Nuclear Modification Factor™ ™"

° - i x-
PHENIX and STAR: R, for Non-photonic et R fOr non-photonic e*:
central Au+Au, E-ZOO GeV PHENIX consistent with STAR
ST+ starmwmoss | + Similarto light hadron Ry,
° Phenix Au+Au 0-10%

| * Models tend to under-predict
suppression

| * radiative and/or collisional
energy loss are insufficient

* b only important at higher p;?

| « Collisional dissociation of
heavy flavor mesons?

Wl ol UH + Models still being refined
l - — = - Light Hadron R, ,

(p. )= Yield(A+ A)

Raa(Pr )=
10"F H 2 Yleld(p + p)' <Nbin>
I ] PHENIX: PRL 98 (2007) 172301

Collisional dissociation

v w11, 1] STAR:PRL 98(2007) 192301

0 2 4 6 8 10 Adil and Vitev, Phys. Lett. B 649 (2007) 139
P, (GeVic)
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Summary and Outlook

e Charm Cross-Section

— CcC production scales as N,;,

 Indicates charm production in
initial state

— STAR disagrees with PHENIX
and FONLL calculations

* Non-photonic e* Ry,

— Suppression similar to light
hadrons

— Difficult for models to describe
 e*-h correlations

— b-fraction consistent with
FONLL

For more information about heavy-ion physics,
visit http://www._bnl .gov/RHIC/
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Summary and Outlook

« Charm Cross-Section  The Future at PHENIX
— CC production scales as Nbin — Hadron Blind Detector
- Indicates charm productionin * The Future at STAR
initial state — Low Material Run
— STAR disagrees with PHENIX « Reduce photonic e+ bkg.
and FONLL calculations — Improvements in data
» Non-photonic et R,, recording |
— Suppression similar to light ~ * Improved Track Resolution
hadrons Near Vertex
— Difficult for models to describe rBeec;((g%rs?ri%}[%r?avor decay
* e*-h correlations — Disentangle charm and
— b-fraction consistent with bottom
FONLL  The Future at RHIC

— RHIC Il Luminosity Upgrade

For more information about heavy-ion physics,
visit http://www._bnl .gov/RHIC/



20

Additional Material

A. G. Knospe
Yale University
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Experiments at RHIC ™

N
STAR PH-ENIX

CTE
. J Tec

LS 1171711 i— el 1

-y

West Beam View East

« 2 central arms (|n < 0.35)
— Drift Chamber (4¢ = 90°x2)
— Time Expansion Chamber (4¢ = 90°)
— RICH (4¢ = 90°x2)

« Silicon Vertex Tracker (|7 < 1)]
« Time Projection Chambers _

~ Gn<t825<i<a |MT
« EM Calorimeters (-1 < n<2) :

) : — — EM Calorimeters (4¢ = 90°x2
- Time-Of-Flight (-1 < 7 < 0, A¢ = 7/30) - oM Of_;"ght ( A; I 45 x2)
. 500 Collborators + 2forward arms (4 ID)

— -225<y<-115;115<y<244
« ~500 Collaborators
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e* |dentification

N
78 TAR PH-<ENIX

EML

HIEEEEEEENIE

West Beam View East
EMC: p/E <2 - EMC:Elp-1>-20
SMD: cluster sizes = 2 « EMC: shower shape
TPC: 3.5 keV/cm < dE/dx  DC: tracks match EMC
<5 keV/cm showers

« RICH: = 3 associated hits



23

Quarkonium Suppression
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* QGP Debye color screening -
suppressed heavy quarkonia

» Different resonances may have
different dissociation temperatures:-_

» Spectrum of quarkonia could be a

Color Screening

thermometer for the medium
(eventually)

» Suppression of heavier resonances
(i.e. y.) can still suppress J/ ¥yield

Quarkonium
Dissociation

Temperatures
(Digal, Karsch, and Satz)

- T,/T,
) 1.12
) 1.16
Y3s) 1.17
) 1.19
) 1.60

Yo(1p) 1.76
JJ¥ 210

¥(1s) >4.0

Just one
calculation;
others disagree
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J/ TsuppreSS|On Yale University

* Suppression (Ru, ) similar for: 12 I Rpp V8- N
— NA50 (SPS) Pb + Pb, \s,,=17.2 GeV ® | NA50 at SPS (0<y<1)
— PHENIX Au + Au, Vs, =200 GeV [ PHENIXat RHIC (Iv]<0.35)
« Suppression-only models: -
— describe SPS suppression well oal + A
— over-predict RHIC suppression - *+ _
- Regeneration of J/ ¥ ns:— “+a i
— Gluon density at RHIC 2-3 times A ; —
greater than at SPS I = E —
— More cc pairs 0.4~ e : ;
— Quarks from dissociated cc pairs can I E ?
recombine into new pairs 0.2 Bar uncorrelated error
| Bracket : correlated error
Lo BT e s oo,

0 50 100 150 200 250 300 350 400
Number of Participants

NA50: M. C. Abreu et al, Phys. Lett. B 477 (2000) 28
PHENIX: R. Averbeck, J. Phys. G 34 (2007) S567-S574
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Cold Nuclear Matter Effects™ ™

N\
PH-<ENIX

200 GeV d+Au -> J/Psi

° HOWEVER J/ Yalso Vogt expanding octet absorption
suppressed ‘due to CNM effects | - ! - |
Dissociation/Absorption 1.5 — T
— Cronin Effect (multiple gluon
scattering) o
— Shadowing (depletion of low- i Low x, ~ 0.003 I

momentum gluonS) /::.\ O mb (shadowing re-gion)

— Gluon Saturation (Color Glass
Condensate)

e d + Au: model (absorption +
shadowing): o,,. <3 mb

* Need more d + Au data

I:{d;ﬂ"\u
T
-

0.5+ PHENIX PRL 96, 012304 (2006) ul

| | | . |

-2 0 2
Rapidity
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Cold Nuclear Matter Effects™ ™

« HOWEVER, J/%also
suppressed ‘due to CNM effects
Dissociation/Absorption

— Cronin Effect (multiple gluon
scattering)

— Shadowing (depletion of low-
momentum gluons)

— Gluon Saturation (Color Glass
Condensate)

e d + Au: model (absorption +
shadowing): o,,. <3 mb

* Need more d + Au data

* Au + Au: same model under-
predicts suppression

— Need QGP?

’V\/—.
PH-=ENIX

AuAu - PHENIX
200 GeV Lﬁ.|I - MRST, EKS98
[ I I
forward rapldlty (ﬂ )7, )

T ———

a: -imhh1h‘ e |
< - B
%05 —
g
. AuAu ® 3 1
1.2<lyl<2.2  syst 7% o
0 H———+——+—+—+—"1—+++

mid-rapidity (e*le'l) |

T

05

| AuAu ’ g
lyl<0.35 syst 12%

)% T T A T T NS —

0 50 100 150 200 250 300
Npart
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J/ ¥ Suppression
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* R,, for Au + Au similar to SPS NASO (Pb + Pb)
* Models describe SPS data well, but not RHIC
o 2-3 times greater gluon density at RHIC:

— more cc pairs 15
— pairs recombine
— regeneration of JJ¥ |
1.0H
Raa [
0.5
Digal, Fortunato, and Satz: hep-ph/0310354
Capella and Ferreiro: hep-ph/0505032 0.0
Grandchamp, Rapp, and Brown: hep-ph/0306077 0

PHENIX 200 GeV J/y
| |

L — Rapp direct B AuAu |y|<0.35
| — Capella1mb B AuAu 1.2<ly|<2.2 -
— - Capella3 mb

| — Satz percolation (with CNM added)

1 All models for y=0

¢ dAu1.2<|y|<2.2

nucl-ex/0611020

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

400
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J/ ¥ Suppression

A. G. Knospe
Yale University

Raa fOr Au + Au similar to SPS NASO (Pb + Pb)
Models describe SPS data well, but not RHIC
2-3 times greater gluon density at RHIC:

— more cc pairs
— pairs recombine
— regeneration of J/ ¥

Yan model shows
less suppression
Models: mid-rapidity
suppression greater
than forward

Yan, Zhuang, and Xu: nucl-th/0608010

1.5

1.0

PHENIX 200 GeV Jhy

- EEJTL?L&TOJO) u AuAuee |y|<0.35
" B AuAu iy 1.2<lyik22

—- Yanregen (y=0) -
Yan, Zhuang, Xu ¢ dAupp 1.2<lyl<2.2

nucl-th/0608010

|y|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

nucl-ex/0611020 .

100 200 300 400
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Elliptic Flow

* Yields depend on orientation w.r.t reaction plane
— Azimuthal anisotropy in medium
— Unequal pressure gradients in and out of reaction plane

« Measured by v, (from Fourier expansion)
Yield o«c 1+ v, cos 2( \ab —Yfp,ane)+v 0054( b — pIane)+K

Yale University
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* Yields depend on orientation w.r.t reaction plane
— Azimuthal anisotropy in medium
— Unequal pressure gradients in and out of reaction plane

« Measured by v, (from Fourier expansion)

Yield o«c 1+ v, cos 2(¢,ab — ¥ jiane )+ Vv, COS 4(¢,ab -,
« STAR observes large asymmetry
STAR: 7% v, for Au + Au 200 GeV

)+K

lane

1.E|E'F

e - 3177 %(peripheral) %+

s 10-31 %
« 0-10 %(central)  #%a
¥

1.2

11

0.8}

0.6f

0.4 ; 3 3 3 g g
o 0.5 1 15 2 25 3
qllﬂh-T plane I:l'ﬂ d)
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Elliptic Flow

« STAR: light hadron v, vs. p; suggest QGP
obeys ideal hydrodynamics (0 viscosity)
— QGP is “perfect liquid”?

SE'A;R: Au + Au 200 GeV, 0-80% most central

= 1 1 | | | 1 1 | 1

= = | cemtrality: #-80% 2
?."'-I ':'-':'9 E . ot _|-_ T * ..._r'-..r‘ E
= 00BE| = p+p =
S (- Hydro QGP EOS L =

el = |—— Hydro Hadronic EOS A 3
0.06 - 'l e
l}.l}E z_ -l._;_.-'l- --I-.__.-" _;
0.04 - ETAR fr_'.--'. * + E
0.03F e =
o020
001 o $ E
s -|-J |-|-r1'|'|'i-|”-| Loabsa | | plias | =

':. 1 L1Ml 1 1 1 L1111 L1 1 IIIIII L1l
0 o1 0.2 0.3 04 05 06 07 08 0.9 1
P, [GeV/ic]
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E I I i pti C F I OW Yale University

« STAR: light hadron v, vs. p; suggest QGP
obeys ideal hydrodynamics (0 viscosity)

— QGP is “perfect liquid”?
 PHENIX: flow of non-photonic et
« Data suggest low viscosity for charm

PHENIX: Au + Au 200 GeV, 0-10% most central

0i
: — = Armesto et al. (I}
0.05 N . .I‘:-,""'H....l-"" = | [] vanHeesetal. (Il)
B : — 43}’{2;1:T} Moore &
d — 12/(2nT) Teaney (1)
: 1
i | | Lty |
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Charm Cross-Section

o FI ' [ ' [ ]
S [ Y STAR Au+AuCentral 0-12% ]
e B STAR Au+Au MinBias
©10°E @ STAR d+Au E
- PHENIX p+p .
- /A SPS/FNAL p beam ]
. o7 UA2
. {} Pamir/Muon ‘v ? o
p 107 E
E L1 11 | L1 11 | L1 11 | L1 11 | L1 Iﬁ E E
20 30 40 50 60 70 - -
EI | LI | LI | UL | | LI IE -
— - * ik 10 E
| f‘,." _ i —— NLOpQCD (g, =2m,) .
:_ ) ./', - _: 10k _
L2~ (b) . : Prelimi E
- - reliminary -
- ] - .
L 11 1 | L1 | L1 1 | L1 _l 3 ' | 3 ' | 5 |
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