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~ - matter in its normal 1 hase resembles a Bquid. ncre siteg (he temperature or densi-
.ty “boils” nuclei into the hadron gas phase. Undcr extreme density but low temper- .
_ ature, nucleons could become “frozen,” forming condensates. Further heating or -
o :_-'.-'cempre‘;smn may produce the plasma phase, which would consist of free quarks‘ ::

- and g uuiis. The gas and plasma phases may exist simultaneously over a wide re-
_--gion. Particles that have strange quarks, such. as mnlﬁsn*ange me‘tastable objectst
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o cheniical and ‘thermal freeze-out were amumed to oceur at the' same value pp/T.The
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: 'ANTL
SR
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CHELTUM &
STRANGE QUARK MATYER

. DOWR

CANTL -
STRANGE

K M&SQN :

QUARKS N VARIDUS COMBINATIDNS form a!k ima_wn ha~
| dronic particles. Oy the Yightest two, “up® and’ “down
< guarks, are veéded 1o make ordinary raatier of the kind that
. accounts for the world areling bs a:c:d The vighle univiérse A consist of thiee rguarks THesons of a quark and an mnquar
‘third fype, the "strange” ark, has 50 far bhesin faund onkv in '\io other tombinamns of quarks have yet heen observed.

Staisﬂitjfbf Stf&ﬁ-gé

S '-"H’PA#H@Elsé';r'As'L'E'5
Quark Matter '~ . IFITSMASSISLESS

. THANTWO NEUTHONB

In 19?? Robert L Jaffe of the Massachu

s8its Instiflite of Technology consndered

the possibility that particlés cortainifig more L
than three quarks might be stable. He stare - -
ed by imagininig d bound state of two lamb-~

da particles, sach of which is ‘made ofanup,
-& down and 4 strange Quark. He' caifed this
‘State the H particle and pointed ot that in -
-ordér for it 1o be stable it would have to -

IF HPARTICLES

weigh Tess than two lamb  particles. Othr- m&qa%{%ﬁgﬁ?‘éﬁfi S _ &
“wise, it would guickly detay inte twolamib. - - FHANTWO N ONS, -
‘fas: He lso realized that ‘the A particle - AT L DEGAY INTO

TSt Weigh fass thin HYRe neutrons for ity -
-be abiselutaly stable. if not, the twe Strahge
"quaﬂqs wowld esch decay via tha weak inter-
- aetion” into g dawn quirk. The resultmg '
-quarks couid then form two rigutrsns. Un- -
- fortunately, acturately calculating the miass -
- of the H particle from the Standard Madei I8
' beyornd the a:urrer;t abihty of physmsts

- TWO NEUTFONS




resent, Future

© H - Search experiments

| Laboratory
UBNL® 9
CERN 1
FNAL 2

T FSU % 4

C KEK® 3

Deééay Mdde
H-+IN 10
Hes Anp 8
In‘dép. 8

(K' ;(f#'),-j's _,2 e - ¥ ) - ) ) }‘_‘N Amp  AA
Light H&dropmductwn- 9 . s b [T Alek 1990
- Relativ. Haavy Ions 4 w T tlil! Sheb 1980
: . Lo T OEE sl 1997
35-:_ % £810 1997
_ | | sk
et
.._Neg"at"i{ve -"(I}I'L) de ok
'.:Running,’l%mfe 4 - S
0 . l." -1“!_'-" " N

* Incl. running/future

e e . = . R
CFE Forpier U, . 0 0 T2 ams 21

M(H) [ GeV/cf ]
o Figure 6: Observed events which may con-
' 3tain':'fH candidates -
On gmng ancl Proposed Searches
We now List and very bneﬂy descr:be origomg and proposed expenments 1o search
for the H d1baryon or fc:-r double-Lambéa hypemuclel

' QNL ﬁ}&f_’gﬁ Search far Z Hypez‘nuclel ~Used ”C‘{K" K"")”“X stcp the
. E tomake J2B 4 n. Use SCIFT 4 CCD for tracinng, detect peutrons. Data

' reduct:on <ompleted, expect o~ 20 006 stoppeé = events. This should lead
- tc ~ B0 #2B. - : .

'_o B E; E906: Searc]x ior Z }Iypermciel Use 915’3(}{”“ K"')""“‘X stop = to -

s make S H. Use' Cylzndricaf! Détector System (CDS) for trm:kmg, delect #~7
rom sequential decays MH =t He 475"

cRHe st He 4 g omT Expenment started éxpect to deiect r 500
commcient * : . _ _ .

e ..EL,,E.&QQ_ 11 5 A GeV/c Au oni- Alz target. Detect H =y E“p, H o

- AxTp. Use sweeping: magnet 1o refmove charged pa.rtlcles a:nd an’ anaiysmg
o magnet 1o detect H dacay proéucts Expénment sta.rted

m&p P s 3K“*‘ K““ .X I’( ) & 10,9 Ge‘v’/c Use Asynunetw'.
- ri¢ Double-Arma Spectrorneter, mea.sure m(X) Takmg data smce Feb. 97,
expect I{}Opb sengitivity. -
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How to measure strange quark matter ?
-*a ) Featums -

o ...Mass A=10- 15 S
_..chargefmf’ym ZIA small clase m mr@

- Strangenes ff_"_:aryera fs clase te 1

_'_'.'_;";'--'b)methad af chmce (EB‘M EBM NAsz)

:':ff measum vsa calenmetry, use tracking mr backgmuﬁd subtractmn B
o émplay *late energy trigger (LET’)’ o R

 -;2 ) Hmmbarym
. a. ) Features | | o | |
- S:x quark bag wh;ch will decay mt@ hypemn states |
- szetime depends an mass, decay channel dapends on mass
- Most !tkely mass M 2159 - 2230 MeWc
b. ) methed cf chaice (ESQG a!i 8( expenments)
1'5_ff-_:_‘measure via track racenstmctien m dnft chambef er Sil;ccn dewce
';ff'-;";_-'_:'__-i:".:-_-".mest lak&ly decay chann@i H => E“+ p->n=+n+ P | .
L . "'.-*Hw} A+A-~>n +p-mc +p

:f metastabie (M -<: 21 30 MeWc) then apply strange!et methad (5864)
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Can Doubly Strange I)ibax‘yon Resonances
) be Dlsmvered at RHIC’?

S D Pagams,* a. W Hoﬂ‘mana R L R,a.y2 J. L Tang and T Udagawa.

Depa,rtment of Pbyszcs _
The Umvers;ty of Texas at Austm, Austm Texas 78712

R S Longa,cre -

Pbysxcs Department Bmokhaven Na,tjonal Laboratory, Upton, NY 11973

. .-_'Table II Optlmum decay cha.nnels and mass ranges for J"’ = 0+, I* V=0
~dibaryon resonance searches, - '

Irrep.  (J7 LI} Deca.y Charxnels a.nd Mass Ra,nges (MeV) .~ 1 10 STAR
1 0t00 |AAR2231 - o Yes-
8 1t00 - .AA~2231 AE0 R 2254, pm 22260 o] Yes
8 1t11 | pE0R 2283 | _. R I
8 1r10 AA~2232 ,s,:emm 29260 | Yes
8 it1-~lin -:-> 2061 3 -

10 1v 11 | pEOR 9953 - R S I
10 - 1710 | AA R 2231 n""’" 2 9954; p=- -_a;-32'2"60” | Yes
10 1+ 1=t 3?:*~2261 - S '

i 1t11 R 9953 - R
0 1v10- AA~2231 WEO R 2254 pE- R 2260 . | Yes

6 111 |nE-X221 0 -

27 000 | AAR DL I 1 Yes

27 0t 11 | pEvR 2253 o o .
270710 [ AA from 2231 to 2254* WEO 2 2254 pE~ 222607  Yes
27 0F 1 =1 |[nE- 2261 |

a1 ot |prot 23?9 = L
27 . 0t21 p....“ from 2253 to 23815 S+2f’~2381 o
2% ot 2"0_'_:_-_ AA from 2231 to 2384;° £3 ~2384 ] Yes
27 02 1 ~from 2961 to 2389 :d 53"2~ 29389
27 .;fﬁﬂqu 2 2 53 2* 2,305 -

o "If strong decay via 1sospm adm;xture dommates EM decay and resonance rEIfIAinG NArIOw;
- otherwise AA for mases 2 2931 MeV only. .
by st.rong detay vza 1sospm ‘admixture. dommates EM deca.y and yesonance remains narrow;
' otherwlse =0 for mass & 2253 MeV only. -
L CAA decay channel only. ST :
L 11 strong decay via ;sospm admixture dommates EM decay and Tesonance remains narrow;

T otherwise nE for mass 2 2961 MeV only.



me CERN to RHIC (under some assumptions)

| ASsumptmn Part{m Cascade wﬁh hydrodynamxcal afterburner
| (Reference Dumxtm and Rlschke 1998)

- CYliiidﬁiﬁfaHy symmetrz_cf .mng:md}_nal b{m}st invariant expansion

~ RHIC |  CERN

Energy déﬁéity’ei RO 17Gvem3 | 53 GeV/fm3

Baryondensitypg | 23p, | 45p,

dNpdy | 25 80

Inital lemperature T, | 300MeV | 216 Mev

Chemical potemlal uq 4’7 MeV - 167 MeV

Strange chem pmllg GMeV o 0 MeV

EntropySlpg | 200 | 4o

Freezeouttemp. Ty | 160MeV | 130 Mev

‘Hadronizationtime |  16fm |  10fm
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Ready Jor blastoff: a Brookhaven engineer. puts' . of h’!s_'}:m vate
ﬁmshmg touches 1o the ion collider -~ - L _lctzcrs

Blg Bang machine ccmld
| ‘destroy Earth

by Janaxﬁan Leake -
- Science Editor '

" ANUCLEAR accelerator designed 1o mphcate {he
Big Bang is'under investigation by international -
_physnc:szs because of fears that it might cause o

"perturbationis of the universe” that could destroy the
Earth. Oné theory even suggests that ii cou!d crcatc a -
- black hole, :

Brookhaven National Laboratories (BNL), one of the
- American government’s foremost research bodies,
“has spent eight years: buﬁdmg its Relazwzsnc Heavy -

- lon Collider (RHIC) on Long Island in New York

‘state. A successful test-firing was held on Friday and '

“the first nuclear collisions will take place in- the - o

~autumn, building upie full powcr around the tzme of o
~-the mz!!enmum o S

‘Last week, however, }ohn Marburger. Brookhaven s

. diréctor, sel up a commitiee of physicists to -

L rmost pcwerful

© investigate whether the project could go d;sastrously .

. wrong. It:followed warnings by other physicists that

© -there was a tiny but feal risk that the maching, the = .

ofns kmci in the world; had the powe"" o
ets" = 'a hew lype of matter madc up

kLl

L tocréate’ "strar




" microsecond
_universe o .
< By Adam Rogers - - .0
wae . This is probably not the way the world .
<~ ends: sometime this fall, researchers at “Sumi
" Brookhaven National Laboratory will - .
Wp a few commands into 2 COMPUIE: ~ limionsl Laborstry)’ -
. Sdence & Technology - terminal, bringing their new particle accelerator-the Relativistic
+TheBigBangls ~ Heavy lon Collider, or RHIC-up to full power. Atoms of
“Bemio . gold-heavy enough 10 cause some real quaritum fireworks-will
- Making Smay ~ Course around two nearly circular, 2.4-mile "racetracks” in
PlanesSafer - Opposite directions a1 99.9 percent of the speed of light, The

. Valeyorwe  "elei will smash into cach other, exploding at a temperature
" Doli-Less - 10.000 times hotter than at the ceriter of the sun. For a hundred
. AproteinTne . Tillionths of a rillionth of a'second, conditions will mirror the -
LrgroenThal o universe immediately after the big bang. From that brief genesis,
| TOBGOURDARAE - though, a ew univer ill not'be born. 1t won’t grow, and it
CeRaten s Won't destroy the pre-existing universe, one we kinow-and love,
Cstitemationst - No Apocalypse, no Big Goodbye, - |
o vedeyy . S0'don't panic. Brookhaven physicists really are shaking down -
- omtsgiurainmen - RHIC, And while they checked 10 make sure they weren't going
s 10 bring abou the End Time in the process, they are going to be
- *Periscope -~ Playing with some seriously primal forces. The $365 million -
- *Conventionat - ¢Ollider will accelerate heavier ions-charged atomic particles-at
. JWissom - higher energies than anywhere else in'the world. If all goes well,
apYbemscope - RHIC will indeed simulate the universe right after the big bang
ilewn®  ~ andcrealea state of matter unseen on Earth, esting basic
| *Perspectives - theories about what the universe is made of and how it got that
- *Newsmakers . way."IPs like a tiny paephole into the whole way cosmology
- "ThelastWord . works," says Miklos Gynlassy, a physicist at Columbia -~

IR George F.Will - University. "We’re trying to re-create the birth of the universe in

alaboratory.”

o Undel‘consmcnonsmcei%lRIﬁClStheIargest accelerator at
" Brookhaven, on New York’s Long Jsland. Other accelerators,
. like those at CERN in Switzerland or Fermilab in Diinois, -
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i-::f'fthch of the eﬁects are sml mtemstm-? or RHI
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Parton Cascade and Hyd@ lynamical _Evgmﬁon
~at RHIC energles, S |

'__.?r._';'__ﬁReferences (Partcm Cascades and Hydmmmodel)

L -_'_'__-'_:Strangeness in VNI K Gg; ""er, Phys Rev’ D 48 (1993) 4129

e ~ Strangeness in HIJING:

hang et al., nuclmth/%GS{)SZ

S ~Strangeness in VNI/HIJET---GEi-Bf *Longacre, nucl-th/9705041

e _'_'_};'Strangeness in HydmmModel

j.'umltru + Rxsc:hke, mircl~ th/9806003

mhbnum pmcesses |

- - ﬁfHard and preme‘

R ' '-~> stmng strangeness enhancement thmugh hard initial

and prewethbnum (c:ascade) pmcess&s

B :”-.'.".-"'_main contrxbuhons by gluenw;""fluon fusmn

~gluon decay
S ';gluonmgluan scattexmg
B _-;gluanmcluster coalescence

e e T D ".IA.u—%-Au with QGP |
| AUHAUWIth QGP AutAU WO OGP | ]$ﬁangene§§ R L L

5 & &
',.;';r'n"'

.? L 1.m' L1
Ll £ oL II!'_'. i1l :|:1'r'.._ o4 _. .f._ : 102 . 303 O " '
103 10* BT 2 (GeV) s /A GeV)
' /A (GeV) W/A (Gev) T g0l daro> a0
e o agmaow ema
: o o a :‘*Q'f‘é '..-6110181




Strangeness Equilibration time at RHIC
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. Extrapolasion 1o 300 Evénts = 3 wmin riining
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- Exiapolation’ts 100k Events (28 Hrs. running)
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'_3.7Ymr‘§ o, KK, pp, nmmidenticai pamcle correlations

Y@a? 2: K@K@ AA, mmy particla mmlaﬁms

S mqusmmsm

| --rﬁ.,,s 5591:010fm1--
IR --?{fﬁ 12,4219.25 fm S
 As0m00

i a e "o %% 7 mQFg 25313f2m : .: | o

_-Analysis requires 1
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Lambda~-

correlation with resonance

1

prammiris goos S————— .
b s

2t P 50 MY /C

Ry = 2L fm

weith « 0§ Mev

latwe mementum (MeV/ c)

Lambda

w0 . B0 80

“ccrrelatmn wrth resonance

= _: H T

L '_'th
' '-dr:zsuc:xlh chsnged if

:”ﬁ.,“.m Y i tw

w

shim WHM 3

.-w-s'th © 27 MeV

R{pni; f_ _. - : : | .3 E

L

100

3

w80 - 80

ve momentum- (MeV/c)

reta’a

auon t"um:non of {hie emitted A might be
a poss:b!c resonance channel contributes

The pmr corrgl

RS :;_al Iou. selative 'nomema if this 1§ the case “the fireball size ina
_.“,hcan Tehi} coii:saon has a much stronger mﬂuence ofi the shape of
" thecorrelanion function and, thus the size ry may bc obtained more

': "fprems:.!\ Twoexampl
_ - posiuon, but with diffe

es ({8} and {b }) with' the sime resonance
srent widths are shown. .




Stmngelet -searc’he;g

in STAR ;(Stmsbourg)

-::_ Strangelet formation requlres hlgh baryon densﬂy

Mldmrapldxty at RHIC should have zero net baryon density (g = 0)

s “but flucmahons in: stoppmg

ﬁor coalescence of enhanced stran

' Characteristics: A =2 - 40
- ZIA= <05 ->
R - ' ,£m05 15
S § ) short hved (< 10""75) -> 1den

wer and net baryon content could

* lead to non-zero pup ( C.Spieles et al,, Phys. Rev. Lett. 76 (1996) 1776)

ge antzmmatter .

0.5 o

t:flcatmn via secandary trackmg
H->1 p -3 7np)

Estimat,ed szetxme close to A-c1
Expenéﬁtef from E896 at the AGS

2 ) long hved (;> 10""‘7 s) -5 part1
o o ~(has

-Z_I-Detectwn scheme for 1ong hved

cles does not decay in STAR
to be charged to be identified)

strangelets: via de/dx and RICH

R

L A R

' "'."_' 10 | E
p/Z(MeV/c)




0 20 40 6D 80 100 120 140
" relative moementum (MeV/c)

. Fig. 1. The pair do‘rr‘éié!'ioﬁ'f‘un‘éiion'R'( D) of emitted neutral

- “haons. The enpecied size of the fireball lies around 7 fm. This

- ‘both should be the case. whether originally a quark-gluon plasma

© 1QGP ) of an excited hadronic resonance gas (HRG) is created
inan vltraretativistically heavy ion collision.

~Lambda~correlation without rescnance

Rl

P T . T N ;o1
o 2a 40 B0 B0 00 120 1O
a‘tzve momentum (MeV/¢)

- "]Fsg 2 ‘The pair correlation function oftheAdepends sensitively

. _-:'an the source radius i, of the spac;ai volume. wheére the particles

- - aré ocited :u freeze-oul. The two different expecied scenarios

o -are outlined (i.e. whether the firéball has undergone a phase
o Jaransition fromguark-gluon plasmato hadronic matier (labeled

~QGP) near chemical equnhbnum or ‘whether only a' state of

- sirongly interactuing hadronic matier (labeled HRG) has been

©buiit up in the coliision ), One ciearh can determine the size r
- from analvzing the shape.- '






