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Main ltems

Motivation

Status of HADES spectrometer
Physics program and data analysis
HADES upgrade

JINR proposal for oo meson study
Summary

More Information:
http://www-hades.qgsi.de
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HADES

Electron pairs as penetrating probes

of interior of compressed matter

»
»

<
<«

Ct ~10-15 fm/c

e+

e—

HADES

v'(p, =, A) + A collisions at SIS - GSI,

0< p < 3py,
v Dielectron two-body decays of light

Vector Mesons p, ®, ¢

O0< T <£80 MeV

v High resolution spectroscopy of e*e™ -

... : ) : )
m,,. = W sin —&e= 5 pairs, no final state interaction !
Meson Mass I ct (fm) Main e*e- BR
(MeVic?) | (MeVic?) decay
p 768 152 1.3 T 4.4 x 10
® 782 8.43 23.4 nrnn? | 7.2x10°
) 1019 4.43 44.4 K* K- 3.1 x10+4
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@ Model predictions for vector mesons embedded

HADES in normal nuclear matter
. DLS (Berkley)
10 | CERES (CERN)
------ vacuum '

E _— P=P m )
DCC:) 101 H _
'§ 1 T.Renk et al.
2 Z_ Phys.Rev. C66(2002) 014902
E 10°
Q
F

H 0.0 D:E 04 DiB 0:8 1 :IJ 1:2 1.4

invariant mass o [GeV]

* “Melting” of the p meson
* Mass shift and broadening of the w meson
* Little effect on the ¢ meson (some broadening)
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HADES

HADES: Experimental Challenges

* Small production rates

* 1 dilepton p decay / 108 central collisions
* Large background

* hadronic (particle misidentification)

* electromagnetic (photon conversion, mainly from n°)

* combinatorial (false combination of electrons and positrons)
* Detector Requirements

* Excellent particle id (hadron-blind detectors)

High resolution (p/w separation)
Low mass/low Z — design for reduced background

Highly selective trigger

High performance data acquisition

Round table session, JINR, Dubna, July 7-9, 2005 B s



% N High Acceptance DiElectron Spectrometer

HADES
J.Stroth (GSI), Trento 2005

Low-mass vector mesons (p, ®, ¢)

s Detected via electron pair reconstruction B .
(penetrating probes). eams or:
o _ — Pions
s Spectrometer with high invariant mass _ Protons
resolution and high rate capability. _ Nuclei

« Utilises dedicated second level trigger
processors to select rare events before
mass storing.

» Installed at the SIS18, GSI| Darmstadt

>

L)

L)

Project launched in late 1994
6 years R&D and construction.

. . . Collaboration
First production run in 2002 More than 100 physicists from

Cyprus, Czech Rep., France,
Germany, ltaly, Poland, Portugal,

HADES is optimized for the detection Russia, Slovakia, Spain
of low-mass vector mesons G=N .
Round table session, JINR, Dubna, July 7-9, 2005 i [‘I
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Collaboration Institutions

HADIES
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Heavy-lon Sinchrotron SIS18

ITRFAlLlSI= <2 .
S Bending Power:
12 Tm —ramp rate 10T/s
18 Tm —ramp rate 4T/s

2 Gev/u for light ions

ACCELERATOR FACILITIES e
AND EXPERIMENTAL AREAS f % 4,7 Gev for p
| max = 4x10"° for U (73+)
1 Gev/u
PENNING, ECR ION SOURCE
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/@&\ Spectrometer concept

HADES
J.Stroth (GSI), Trento 2005
* Geometry
* Full azimuth, polar angles 18° - 85° TOF
* Pair acceptance ~ 0.35 MDC?

* About 80.000 detector channels

Pre-Shower
* Fast particle identification
* RICH
Csl solid photo cathode, N~ 80, C,F,, radiator

* TOF (Scintillator rods)

* TOFino (Scintillator paddles)
temporary solution, RPC in future

* Pre-Shower
18 pad chambers & lead converters

V. TOFino \

* Momentum measurement

* ILSE, super conducting toroid
Bp=0.7Tm

* MDC Multi-wire drift chamber,
o, ~ 100 pm

* AM., /M =1.5% at p/o.

T o

S
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HADES

High Acceptance Di-Electron Spectrometer

RICH MDC1 MDCZ MAGMET BDC3: MDC4 TOF2 SHOWEER

3D sketch of the HADES spectrometer, split along the longitudinal direction for clarity. In operating
conditions all the shown elements fit into each other making the whole structure much more compact.
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//@&\ Superconducting Toroidal Magnet

HADES

A superconducting toroidal
magnet with 6 coils in separate
vacuum chambers. The magnet
. provides the momentum kick

© necessary to obtain charged
 particle momenta with a
resolution ~1%

Round table session, JINR, Dubna, July 7-9, 2005 e 4
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@ Ring Imaging Cherenkov Detector

HADES

A — SUppOl’t

VUV mirror

hoton-
Getector CaF,-window
__ support
2 |3 >
beam
segmented
target

gas radiator
(C,F,, or mixture with
other fluoro-carbons)

et
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/@&\ Drift Chambers

HAI.',F S

DRIFT CHAMBER (for plane 3)
DRIFT CHAMBERS (plane 2)

4 planes of Drift Chambers Total 24 modules (33 m?2)

[, Il - inner planes; lll, IV - outer planes - Helium based counting gas
* 6 modules in each plane. _ , _
« Each module contains 6 chambers *  Aluminum cathodeffield wires -3 -

e

-1rﬂ'lll1l !

(with different angles of wire orientation ). * 27000 cells pe s 2 %
| oA



Ké&\ Fast 2nd level trigger

I-IAI.')I- $

| First Level Trigger
TOF/TOFINO multiplicity

Il Second Level Trigger

Electron candidates in IPUs:

Shower hits
Cherenkov rings
Time-of-flight cut
Matching hits (AB,A®)

on-line selection of
electron candidates
Suppression 10 - 100

LVL2 triggered events are
transported to mass storage

RICH Shower

t

TOF

T Image Processing Units (IPU)

I
=

0
]ﬁfb Matchin

Unit (MU

]

up to 20 kHz LVLA1
Fast multiplicity trigger

Round table session, JINR, Dubna, July 7-9, 2005



/4&\ JINR contribution for HADES

HADES

* Full-size Prototype of multilayer Drift
Chamber has been developed and
tested

®* Front End Electronics for Drift
Chambers has been developed and
tested.

* Six low mass multilayer Drift Chambers
(plane 2) were constructed, tested and
integrated into the HADES
spectrometer.

®* Track reconstruction software has
been developed and successfully
applied for data analysis

( * Dubna Tracking Software ’ ).

® Participation in physical program and
data analysis.

e )
e LiaE AL A RREE(s

T Round table session, JINR, Dubna, July 7-9, 2005 T




—S Detector Status
HADES

From P. Salabura report on PAC / GSl, September 2004

+ Beams:
v p(LH,), C -production runs
v - with 1=0.8*108/spill and 4*101° N /spil (<5 than
needed for physics run of S262)

« Beam detectors :
v Diamond detectors (START& VETO) for HI
v Scintillating fibers for p,d.n beams
Forward Hodoscope (0-8%9)

* RICH
v Full azimuth coverage,
v Detector figure of merit N,=79
v Carbon mirrors (2 need to be installed]—D.E%)&P
v Image Processing P T

* Tracking system
v 3 MDC layers complete, 4 MDCIV
remaining 2 ready in 2004/2005.

v Internal resolution = 100 um — anticipated mass
mass resolution: AM_,_/M=1.5% at p/m region_

+ META
v TOF/TOFINO, Pre-Shower —full coverage

Side View

v Image Processing
¥ Low granularity TOFINO->RPC upgrade

‘ﬁu--ﬂ-

! |1I'|I-'.|'|'| I"'|;!'|'II1T|:||.
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// \\ Experimental runs & Data analysis
HADES
J.Stroth (GSI), Trento 2005

November 2001: commissioning run target = 5%
— C+C 2 AGeV LVLA1 triggered events (M, >3) 45 Mevents
— C+C 1 AGeV LVLA1 trigger 7.3 Mevents
— full coverage with inner MDC chambers (Ap/p ~ 10% at 0.7 GeV/c)

* November 2002: C+C 2 AGeV, commissioning and physics runs
— target=2 x 2.5%, 56% LVL1 trigger + 44% LVL2 trigger 220 Mevents
— 6 outer drift chambers (MDC) in 4 sectors

*  October 2003: p+p commissioning run (1 GeV, 2 GeV)
— full coverage with outer MDC Il (4 MDC V) (Ap/p = 1.5 % at 0.7 GeV/c)

*  February 2004: p+p 2 GeV production run
— target 5 cm I-H, 400 Mevents

* August 2004: C+C 1 AGeV production run
— 3x1.5 % target, 56% LVL1 trigger + 44% LVL2 trigger 650 Mevents

Round table session, JINR, Dubna, July 7-9, 2005 T (nj;r—



// \ Electron Identification %f@\x

HADES
|'|A|)|-
C+C, 2AGeV
O = 10
~— ]
> i
_ 1
7T .
............................. -
10

-1000 O 1000
d g*p [MeV/c]

-1000 0 1000
p*q [MeV/c]

Tracking+TOF
v p/n separation for p <1000 MeV/c

RICH +Tracking +TOF/PreShower

v hadron contamination <2%

Round table session, JINR, Dubna, July 7-9, 2005 (rg




%@@ Pion spectra in 2C+12C 2 AGeV (Preliminary)

J.Stroth (GSI), Trento 2005

T1=51%3MeV

T2=

o4 + 4 heV

HADES
- . —
“ B ‘JIJ+ ; T1=41£3MeV | =, |
% lD [P, - ‘% 10 E_L‘__
= T2=87+3MeV | 2 ; ;
Y I N S SN U S EIO
% | 10 : % B 10 fpreeeeeneee ees
lD_g [, A ———, E..-.-"...".-” ................................... lﬂ_g ...i..“
two temperature fit
ln-lu ........... \ ............ \ ............ 1. ............ e L 1D-Lu ........... ;\...
o T00 200 300 160 500 0 100
my-m, [MeVic’]
Multiplicity "Temperature"
N 01480018 | 1r —1E® BTE3
HADES ) =0.148+0. d
) P T =51+3; 91+4
TAPS Nﬂo/'%an =0.138+0.014
KaoS N . /AW =0.12620.010 | T  =40+3; 86+3

e
|:|III-. : LEtiTY
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data in good agreement with

TAPS/KaoS results!




DiElectron spectrum: C+C @ 2.2AGeV

ITMFfAlFsIs <P
e Ll 1 o B Bl ot PR WA

= . o
9 10° Signals |, éﬂfﬁ
3, —— simulation UrQMD = AP/P ~2 %
> 107 —=—data-Nov02 %u.
= = SYS. errors 2
— 10°L = |[Ilsys. bias %107
'% o[ T . 10
= 10 & —y—
Ee - T —1:
A0 i i ik 4 10¢ [
10 = Preliminary o -' o
E 1 J’l’[ hl!
10'11.|.|.|.|.|.|.|.|.|.|.|.|.|...|.|.||. - ‘-‘rll_.ll_.l['h]]l-‘_l,l[l
0 200 400 600 800 1000 0 0.2 0. NCRU—
M [MeV/é] [GeVic]
Experimental data: C+C @ 2.2AGeV Nov’2002 Simulation: Ca+Ca@ 2.2 AGev
Spectrum of effective mass of e+ e- pairs (red color). = AP/P is improved up to ~2 % with outer
There is a good agreement with simulation. Drift Chambers were installed in HADES
Without outer Drift Chambers (AP/P is ~ 8%) Spectrometer.
@
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HADIES

2 meson reconstruction @ pp 2.2 GeV

Hadron final states - 2 charged particles
Stefano Spataro, INFN Catania

80000F

ruuoui— peak
-0.462 + 0.005

5=

0.460

Inelastic channel

60000
50000

0
p+tp—optp+X(n) 40000 polar

30000

10*

10° |-

20000 angles

all pp events

10000

8a

044 046 048
tan0, - tan0,

3500
Veto on pp
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—— _ mmeson reconstruction @ pp 2.2 GeV

Missing mass method Stefano Spataro, INFN Catania

Fit to n-peak

800"

Fit to n-peak ool

-mui m=146 MeV/c?

m=552 MeV/c? :m: 0=44 MeV/c2

600 =22 MeV/c2

500 ' C
- 1500

400 '

300" 10007

200 £ 500

100

& ) At R Lo Lo Lo i PP e =
El.'lﬂ ------ 0 50 100 150 200 250 300 350 400
pp n”
MmiSS[MeV] MEEZS [MCV:I

* 4 identified tracks in the acceptance (pprntn-)

* identify pp — ppn — pprtn

\Y B {3 | Missing mass distribution ——> Mpp“+“_

miss
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-- Kinematical fit for 0 meson reconstruction

HADES
Anar Rustamov, GSI
histo1 histo1 histo1 histo1
| histo1 | e I s 1650
Mean 5T6.8 Mean 589.1
T-T R:ls TO.77T .'I'. R:‘s 7521

chi2=<3.8

=43 300

200

j..ll'"lll'lll'll'l'lrllri'III'III'I
B

100

k
.11[||r|]r1||]r1||lr|1r|||1r

200 450 500 550 600 650 T00 750 800 ﬂbﬂ 450 500 550 600 650 700 750 - 800
missing Mass missing Mass

Vary |p|,6,¢ of each track to minimize ‘mpp —m

miss.

* High S/B ratio
* pp missing mass resolution = 2.4%

-

-
! |1I'|I-'.|'|'| I"'|;!'|'II11|:||.
[}
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//@&\ Nearest Physics Program

HADIES

Dubna, 7 12 June 2005

Joint Institute for Nuclear Research

1. DiElectrons from pp/pd
2. On threshold n production indp \ I
3. w production in pp collisions ’L &

4. Dielectrons from Ca+Ca L
Yu.Zanevsky
E. Ple.kt'r@ov

S. Chernenko
A. Korol

the study of low-mass scalar
o°meson in the reaction pp—ppoc® with the
decay of mesons through the modes o0°—2e+ 2e

and c°—e+ e Yy
Yu.A.Troyan et al.
Particle and Nuclei, Letters,
2002 No.5 (114)

R

et
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——— _ Electromagnetic decay of o meson
HADES

0 : Theoretical predictions:
Low-mass o%-meson:

- chiral symmetry in L | (qg) — M =500 + 1000 MeV/c,
- attractive part in NN - potential T =200+ 500 MeV/c

(gg) > M =280 + 700 MeV/c,
Hot and dense matter: = 25 60MeV/c

M.K.Volkov et al. (BLTP, JINR):
I's — smaller
M, — down to m,

BR (c—yy) T103

At critical (T,p) =

J

Change of mass and width of ¢ meson
is a signature of properties
of nuclear medium

Round table session, JINR, Dubna, July 7-9, 2005 e Qf;:



( JINR proposal)
09 production in pp—2e+2e- X

Scalar o® meson at HADES

Z2\

HADIES
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HADIES
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PP — P2e'2e X
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L
300
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Spectrum of TetraElectrons
from the reaction pp—2e* 2e- X at Tp =4.5 GeV

™0 ! 70

0650675 0.7 0.72530.750.775 0.8 0.825 Q.85 0.B7S

!"HJ‘;.,.r-,-ﬂ (Gev/ch)

B i)

730 | ﬂn T

Ttoon) :ll |

9 -451
BG

il
Lo oo b L o )00 35—

1 02 03 04 05 06 0.7 08 09 1 1.1

Moaroe-(Gev/c’
PP — PEE'EE‘-'X Ze'2e7( ev/c’)

at 1 event/1pb
signal of ¢, - meson

= 37 S.D. above background [BR(c0—>2e+2e-) =3+ 10-5]
= up to BR(c0—2e+2e-) = 106
increasing the exposure = up to BR(c0—2e+2e-) =107
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Spectrum of TetraElectrons

HADES in the reaction pp—p2e*2e- X at T,=2.2GeV
For M2, <0.91(GeV/c?)?
i
700 _,l 45ﬂj
m] 400 -
um; ofo 1.00 140 umu
| M2 (GeV)?

| = 2x10E7 p/s; rate ~5 event/ hour

Round table session, JINR,

Dubna, July 7-9, 2005
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— —  Future upgrades & TOFINO replacement by RPC

HADES
Y
 Forward wall
e RPC -instead TOFINO
« DAQ
« Beam line

29.5°

Target
12%
°

®* Operational parameter matched to HADES overall
performance

— granularity - 1200 cells  (double-hit
probability below 20%)

— Resolution ~100 ps (o) or better
— rate capability up to 1 kHz/cm?2 (in some areas)

— efficiency above 95% for single hits

Resistive Plate Counter (RPC)

Round table session, JINR, Dubna, July 7-9, 2005
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Summary

HADES is fully operational Spectrometer
Preliminary results from first production run 2C + 2C 2 AGeV
A lot of physics ahead for the coming years
— heavy ion system size dependence
— p, ©, heavy ion: high precision in-medium spectroscopy
JINR proposal for 6° meson study with HADES
Next run in September 2005 (Ca+Ca at 2 AGeV)
Replacement of TOFino system by RPC
Feasibility studies for HADES at SIS100 (<8 AGeV)

Round table session, JINR, Dubna, July 7-9, 2005
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HADIES

Future Experiments

PRELIMINARY INFO

The discussion with the Member of

HADES X-board for operation of the

Spectrometer on NUCLOTRON was
CBM started in June 2005.

A+A at 8-40 AGeV

A+A at 2-8 AGeV

Round table session, JINR, Dubna, July 7-9, 2005 %1—
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