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AT THE LABORATORIES OF JINR

N3yuyeHue NJIOTHON OAPUOHHOM

marepun Ha HADES

HADES sBnsiercss MHOTOIIENIEBBIM JETEKTOPOM ISt
TOYHOM CIIEKTPOCKONHH e'e -Tmap (IMAIEeKTPOHOB) U 3a-
PSKEHHBIX aJIpOHOB, 00Pa3yIOIINUXCS B PEaKIUsIX, HHITY-
LUPOBAHHBIX IIPOTOHAMH, THOHAMH M TSDKEJIBIMH HOHAMH
B 00NacTW KMHETHYECKOW 3Heprum mydka 1-3,5 I'»B Ha
yckoputensHoM komriiekce SIS18 B GSI (Jdapmmrair,
I'epmanmnst). OcHOBHAsI 3KCIIEPUMEHTAIbHAs I€Tb — HC-
CJI/IOBaTh CBOMCTBA IJIOTHOTO SIIEPHOTO BEIECTBA, CO3-
JITAHHOTO B XOZI€ CTOJIKHOBEHHUI TSDKEIJIBIX MOHOB, M B KO-
HEYHOM WMTOT€ y3HATh O CBOWCTBAX aJPOHOB B cperne (Ha-
npuMep, Maccax, HIMpUHax pacnajaa). JuaneKTpoHHbIe
TIaphbl, POKICHHBIE U3 aJPOHHBIX PacIiajioB B CpeJie, U pell-
KM€ CTPAHHBIE aJJPOHBI (KAOHBI, THIIEPOHBI) SIBISIFOTCS OC-
HOBHBIMH NPOOHUKAMH, U3MEPSIEMbIMU B 3KCIIEPHMEHTE.
[Tockonbky BEIBOIEI 00 3pPpeKTax B cpele CHIFHO 3aBHCAT
OT ITIOHMMAaHUs CBOMCTB AAPOHOB B BaKyyM€ U MEXaHU3Ma
UX POXKACHUS B HyKJIOH-HYKJIOHHBIX CTOJIKHOBEHHUSIX, BBI-
TIOJTHSETCS JIOTIOJHUTENbHAS IPOrpaMMa, OPUEHTHPOBAH-

Has HAa poxKieHue ete -map, KaOHOB W rUNEpoHOB (X, A)
B DJIEMEHTAPHBIX CTOJIKHOBCHHUSX.

OCHOBHBIM HAay4YHBIM HAalpaBIeHHEM IPOTPAMMBI
HADES sBnsroTcst cHCTeMaTUYeCKHUE HKCCIICIOBaHMS
POKAEHUSI BEKTOPHBIX ME30HOB M JHJIETITOHHOTO KOHTH-
HyyMa B e'e"-pesxuMe. BbIXOjl JAN3IEKTPOHOB, MOIYYCH-
HBI U1 peakiun Au + Aunipu 1,23 AIBB [1] Ha HADES,
MOKa3aH Ha pucyHKe. CITONTHBIMY JHHUAMHI 0003HaYCHbI
pacdeTsl KOKTEWIs ISl pa3In4HBIX Mojeiell 0e3 BKiazna
M- U ®-ME30HOB, IYHKTUPHOM JIMHHEH — BKJIaA p-Me-
30HHOTO pacrnajaa. JlaHHbIE ONUCHIBAIOTCS YAOBIIETBO-
PHUTENBHO C yYeTOM MOIU(HKAIMK p-ME30HA B Cpee.
CrexTpanbHOE pacHpeieNieHne UICTITOHHbBIX Map MOYTH
9KCIIOHEHIIMAILHO, YTO CBHJETENILCTBYET 00 HMCTOYHHKE
TeMIieparypsl cBbliie 70 MaB ¢ komMnoHeHTamu, CBOMCTBa
KOTOPBIX OBIIM M3MEHEHBI, YTO OTpPakaeT O0COOEHHOCTH
cuibHOTO B3amMoaeicTust KX/I-marepun. Ero rimobains-
HBIC CBOWCTBA CXOMHBI C TUIOTHOW Marepuei, obpasyro-
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Study of Dense Baryonic Matter at HADES

HADES is a versatile detector for a precise spectro-
scopy of e"e™ pairs (dielectrons) and charged hadrons pro-
duced in proton-, pion- and heavy-ion-induced reactions in
a 1-3.5 GeV kinetic beam energy range at the accelerator
complex SIS18 at GSI, Darmstadt. The main experimen-
tal goal is to investigate the properties of dense nuclear
matter created in the course of heavy-ion collisions and to
ultimately learn about in-medium hadron properties (like
masses, decay widths). Dielectron pairs originating from
in-medium hadron decays and rare strange hadrons (ka-
ons, hyperons) are the main probes measured in the ex-
periment. Since the conclusions on in-medium effects rely
strongly on the understanding of hadron properties in vac-
uum and their production mechanism in nucleon—nucleon
collisions, a complementary program focusing on e*e™, ka-
on and hyperon (£, A) production in elementary collisions
is also in progress.

The main scientific direction of the HADES program
is the systematic studies of vector meson production and
dilepton continuum in the e*e~-mode. The dielectron yield
obtained for Au + Aureaction at 1.23 AGeV [1] at HADES
is shown in the figure. The solid lines are the cocktail cal-
culations for different models without n- and ®-meson
contribution. The dashed line is the contribution of the
p-meson decay. The data are adequately described taking
into account the in-medium modification of p meson. The
spectral distribution of the electron—positron pairs is near-
ly exponential, providing evidence for a source of tem-
perature above 70 MeV with constituents whose properties
have been modified, thus reflecting peculiarities of strong
interaction of QCD matter. Its bulk properties are similar
to those of the dense matter formed in the final state of a
neutron star merger, as apparent from recent astrophysical
observations.
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Beixon auonexTpoHOB ans  peakuuu  Au+Au  mpu
1,23 AI'»B na HADES [1]. Crutonssle JUHHA — pacyeT
KOKTEHIIS UTs pa3InYHbIX MoJleTiel O6e3 BKIaja 1- 1 O-Me-
30HOB. [lyHKTHpHAs TMHNSA — BKJIAJ OT pachaja p-Me30Ha

The dielectron yield for Au + Au reaction at 1.23A GeV
obtained at HADES [1]. The solid lines are the cocktail
calculations for different models without n- and w-meson
contribution. The dashed line shows the contribution of the

104

,_.
<
W

,_.
<
[=2)

1077

10°8

e — :

Au+Au Vsyy=2.4GeV 0-40% |
—12(mp+pp)—m—-© E
Ts]opc =(71.8£2.1) MeV

In-medium p SF:
—— CG FRA
— CG GSI-Texas A&M 7

: HSD
- A+ NNbrems. + N brems.+
I e p Vacuum

p coll. broad & mlas? shlift
PR SR T I SR SR SR I e Y 1

Lok 1+ 4 | 1

0.2 0.4 0.6 0.8 1.0 1.2
M,,, GeV/c?

eer

p-meson decay

Boccranosienue oqHoro

U3 CEKTOPOB MHOTOITPOBOJIOUHOM
npeiidosoii kamepst HADES

B JeTeKTOpHOH naboparopun GSI

Refurbishment of one of the
multiwire drift chamber sectors at
the GSI Detector Lab

The description of yields and the regularity of freeze-
out parameters were tested by comparing the freeze-out
parameters obtained from a statistical model [2] to HADES
data [3] obtained from p + Nb, Ar + KCI and Au + Au col-
lisions at the center-of-mass energies of \/% =3.2,2.6,
and 2.42 GeV, respectively. A rather surprising finding has
been made that the statistical model is able to describe
p + Nb data as well as the larger systems like Ar+ KCI
or Au + Au that questions the often drawn connection be-
tween the agreement of statistical models with particle

yields in heavy-ion collisions (HIC) and thermalization.
Furthermore, it was found that the excess of Z- is already
present in cold nuclear matter. Taking into account the
rates of higher-lying N* resonances predicted by the statis-
tical model fit, a rather implausible explanation was found
for the excess of = yield over the model value. In addi-
tion, the importance of a precise knowledge of the had-
ron spectrum for interpretation of HIC data is stated. The
HADES data of central Au+ Au collisions are in rather
good agreement with the statistical model.
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Ieicss B KOHEYHOM COCTOSTHHH TP CIMSTHUH HEHTPOHHBIX
3Be3/I, KaK ATO BUIHO W3 HEAABHUX aCTPOPU3NIECKHUX Ha-
OO HUH.

Omnmcanne BRIXOAOB 1 CTaOMILHOCTS freeze-out mapa-
METpPOB OBLTH IPOBEPEHBI IyTEM CPAaBHEHHS MTOTYYCHHBIX
TapaMeTpoB U3 CTATUCTHYECKON Monmenu [2] ¢ ZaHHBIMA
HADES [3], mony4eHHBIMA TIPH CTOJIKHOBEHUSX P + Nb,
Ar+KCl u Au+ Au npu dHeprusx B CHCTeME ILIEHTpa
Macc 4/Syy = 3,2, 2,6 u 2,42 I'3B coorBercTBeHHO. bblI1O
C/IeJIaHO JOBOJBHO YIAMBHUTEIBHOE OTKPBITHE O TOM, YTO
CTaTUCTHYCCKAsI MOJICIIb CITIOCOOHA OMUCHIBATE TaHHBIC 10
peakiuu P + Nb, a Takke Uit CHCTEM C OOJIBIINUM KOJIH-
YECTBOM HYKJIOHOB, TakuX kak Ar + KCl unn Au+Au, 9ro
CTaBUT IO COMHCHHUE YaCTO MPOBOAUMYIO CBA3b MECKIY
COIVIACOBAHMEM CTATHCTUYCCKHX MOJECICH C BBIXOIAMH
YacCTUIl B CTOJIKHOBCHHAX TAXKEJIBIX HOHOB U TEPMaAIU3alln-
eit. Kpome Tor0, OBLIIO yCTAHOBIEHO, YTO M30BITOK =~ MIPH-
CYTCTBYET YK€ B XOJIOJHOM siZicpHOM BeriecTe. C yueTom
BBIXOJIOB Ooiyiee BbICOKMX N*-pe3oHaHCOB, MpenckazaH-
HBIX CTATHCTHYCCKON MOJIEIIbI0, OBLIIO HAWICHO TOBOJIBHO
HETpaBIONo100HOe OOBSICHEHHE MPEBBINICHUS BBIXOJA
=~ HaJ 3HaYCHUEM, KOTOpOE JaeT Mojieib. [loMiUMo 3Toro,
YKa3bIBACTCA BAXXHOCTb TOYHOT'O 3HAHUA aIpOHHOTO CIICK-
Tpa IJId UHTCPpHPpETalun JAaHHBIX IO CTOJIKHOBCHUAM Ts-
skenbix noHoB. Jlanasie HADES B nienTpansubeix Au + Au

Systematic study of correlations [4, 5], fluctua-
tions [6], different harmonics of particle flows [7] in nu-
cleus—nucleus collisions makes HADES the leading ex-
periment in the GeV energy range.

At HADES the JINR group performs the maintenance
of multiwire drift chambers, participates in data taking and
analysis of the data obtained in NN, nN, pA and AgAg and
their theoretical interpretation, and provides the upgrade of
the detector and software for continuation of the HADES
operation at FAIR.

The HADES collaboration plans to continue col-
lecting the statistics with pion, proton, deuteron, and Au
beams to study the electromagnetic form factors of bary-
ons, including cascade hyperons, isotopic dependence of
the dilepton yield, properties of cold dense matter and
equations of state of dense nuclear matter at high densities.
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CTOJIKHOBEHHUSX HAXOAATCS B JOCTATOUYHO XOPOIIIEM COTJIa-
CHH CO CTaTUCTUYECKOI MOJIENBIO.

CucremMaTiueckoe HCCIeIoBaHue Koppemsuii [4, 5],
¢mykTyanmii [6], pasTHMYHBIX TapMOHHK IIOTOKOB 4Ya-
ctul [7] B AOpo-saepHBIX CTOMKHOBEeHUAX AeraeT HADES
JTUIUPYIOIIAM SKCIIEpUMEHTOM B 007acTé [ 9B-HBIX 3HEp-
Tuil.

I'pynma OUSIN 8 HADES BBITIONHAET TEXHUYECKOE
o0CITy’)KHBaHHE MHOTOIPOBOJIOUHBIX JAPEH(POBBIX Kamep,
y4acTBYeT B Habope WM aHajaW3€ AAHHBIX, MOTyYEHHBIX
B ctonkHOBeHHAX NN, N, pA u AgAg, 1 ux TeopeTnde-
CKOM MHTEpIIpeTanny, BeAeT MOJEPHHU3AIMIO JETEKTOpa 1
MIPOTPAMMHOTO OOECTIEYCHHUS [T TPOJODKEHUS PaOOTHI
HADES na FAIR.

Konmaboparuss HADES mnanupyer mOpomoIKHUTH
Ha0Op CTAaTUCTHKM HA MydYKax MTHOHOB, IPOTOHOB, JCH-
TPOHOB M AU ISl M3y4YCHHUS IMIEKTPOMArHUTHBIX (OpM-
(hakTOpoB OapmMOHOB, BKIIOYAs KacKagHBIC THIIEPOHEI,
M30TOMMYECKYIO 3aBUCMOCTD BBIXO/Ia IMJICTITOHOB, CBOM-
CTBa XOJIOJHOM IUIOTHOM MaTepuu, YpaBHEHUSI COCTOSHUS
IUIOTHOH SAepHON MaTepuH MPH ee OONBIIIX MIIOTHOCTSIX.
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