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The physics case @
HADIES
Study the properties of hot and dense nuclear matter with

emphasis on electromagnetic probes in the time-like regimel

" What are the relevant observables as
nuclear density and/or temperature
change?

Partial restoration of

chiral symmetry (vs. T,p) ® Quark picture vs. hadronic picture?

Additional self-energy
7l terms due to meson-

>p

baryon coupling
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The case of moderate beam energies f/@i\

HADIEES

Final state of HI collision @ 1-2 AGeV (Vsyy = 2.3-2.7 GeV)

= up to 200 charged particles
" up to 10 % pions — baryon dominated

" very little strangeness

Increase of baryon density
= At (max p/p® =2-3) = 15 fm/c
= fireball comparatively long-lived ...

= . at moderate densities and moderate T

Production of vector mesons below threshold
" co-operative processes (multi-step)
= production confined to high-density phase

" one vector meson decaying into a lepton pair
per 1-10 million reactions!!!
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A reminder: The controversial DLS result —_

DiLepton Spectrometer o
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Data: R.J. Porter et al.: PRL 79 (1997) 1229
BUU model: E.L. Bratkovskaya et al.: NP A634 (1998) 168
transport + in-medium spectral functions

DLS at the Bevalac (1987-1995) — DLS puzzle!?
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RQMD description of the DLS data @

—
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Calculation: K. Shekhter, C. Fuchs et al. (Tubingen)

Phys. Rev. C68 (2003) 014904

HADIEES
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® collisional broadening of @ (— I'(®) =200 MeV)

® extended VDM + decoherence
" BR scaling of VM
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High Acceptance DiElectron Spectrometer A\

HADIEES

Use di-electron pairs to investigate
vector meson production (p, ®, ¢).

" Spectrometer with

" high geometric acceptance Beams of:
— Pions

— Protons
— Nuclei

" high invariant mass resolution
" high rate capability
® Utilizes dedicated LVL2 trigger
to select events before storing.

® Tnstalled at the SIS18 at GSI.

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

Operated by a collaboration of

more than 100 physicists from
First production run in 2002 Cyprus, Czech Rep., France,
Germany, ltaly, Poland, Portugal,
Russia, Slovakia, Spain
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The HADES experiment @ GSI
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The spectrometer design S\

HADIEES

" Geometry

® Full azimuth, polar angles 18° - 85° (y =0 - 2)
® Segmented solid targets or LH, target MDCs =

® Pair acceptance ~ 0.35 _ \ -
RICH single ring wanli X011 14041928 DST.root Pre-Shower
plettan tn o mirres fpenjmellen 14 0y 1) avent: DDD4E9S

" Particle identification ring: 00052 100

® RICH: CsI solid photo cathode, C,F;, radiator,
N, ~ 80, pion suppression ~ 10*

® TOF: 384 scintillator rods

® TOFino: 24 scinftillator paddles = je°
— temporary solution, RPC in future -~
40
® Pre-Shower: 18 pad chambers & lead converte /'/ .
20
" Momentum measurement -
® ILSE: superconducting toroid with Bp=0.36 T 0

" MDC: 24 multi-wire drift chambers,
single-cell resolution ~ 100 um

Tm

P
<« »
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Fast 2nd |evel trigger 7

HADIEES

Up to 20 kHz LVL1

fast multiplicity trigger
—_—

full event information digitized

on-line selection of
electron candidates

enhancement 10 - 100

; Matching
Unit (MU)

LVL2 triggered events are
transported to mass storage
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Electron identification ﬁ”‘@‘ﬁi};

Track matching

LGS AR Pre-Shower condition

4 Drahtkammer 3

3. Drahtkammer 2 |
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HADES experimental runs

70\

HADIEES

" November 2002:

" target= 2 x 2.5%, 56% d.s. LVL1 trigger + 44% LVL2 trigger

C+C 2 AGeV commissioning and physics runs

" 6 sectors with low-resolution tracking, 2 with high-resolution

LVL1

1200 Mevents
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Singles efficiencies and purities
after PID and matching

'KICK - HADES
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70\

HADIEES

Low-resolution tracking
mode used (c,,/M = 10%)

Efficiency: =80%
Purity: ~85%

Contamination:

" lepton fakes ~15%

(mostly closed pairs)
" hadrons <3%
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High-resolution analysis
(2 sectors only)

0 <45°
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HADIEES

0 > 45°
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TOF/Shower

Mag field \
MDC I-Ii o)
RICH xg=

15

Pair clean-up strategies

C3

Pair rejection cuts:
" CO = pairing
" C1 = CO + double hit rejection

Remove tracks with ambiguous
detector hit(s)

" C2 = C1 + opening angle <9°
Remove both tracks from sample
" C3 = C2 + close pair cand.

rejection

Remove track if a non-fitted track
candidate is within 10°

70\

HADES
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Counts /MeV/c2/ coll.
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107 =

Combinatorial background subtraction

AN\

" Signal:

"S,. = Neoo- -

CB,.

" Combinatorial background (CB):

" from like-sign pairs

. CB+-= Ne+e++ Ne-e- or CB = 2.\/]\{%4]\/;1#

M [MeV/c?]

100 200 300 400 500 600 700 800 900 1000

Signal / CB
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Raw 2 AGeV C+C e‘e” mass spectrum A

HADIEES

No efficiency / acceptance correction!
Normalized to the pion multiplicity.

10 |-,
%:. 0 signal < 140 MeV/c?: 17600 counts
1 dN »H - e, TT signal > 140 MeV/c2: 1420 counts
M ,NY"aM Mevier) 1078 S
R 7 S | N m C+C data
- o e cocktail generator
8| L 4
: 10° 3%a’ . .
Systematic errors: - 4%
= PID cuts 100k Pre,
® pair clean-up E T T ;
" normalization 101 L. f T
= Tracking in % ﬁ
- low-resolution mode!
j +400A)/-300/0 10‘11 | | | | | | | | \ | | | | | | | \ \ |
0 200 400 600 800 1000

M. [Me\//c2 ]
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70\

HADIEES

Efficiency-corrected mass spectrum

pair opening angle >9°, p, > 100 MeV/c

: 3 . o 10°F
Efficiency correction applied 'S
to pair data (e and e* legs): % 10°
R — - 5 107 L - £0¢ktall + decamposition
» detector inefficiencies =
* reconstruction inefficiencies £ 10°
E 10.9 ...................................................................................................................................
A 1
Compared with a cocktail 10|
based on known or m,-scaled | i !,-| :
meson multiplicities and their 1070200 400 600 800 1000
vacuum decay properties m,, [MeV/c]
within HADES geometric acceptance
and mass resolution (o _(®)= 10%). systematic errors: +50%/-40%
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1 .,',5;;'5%‘\
p; spectra with mass cuts [N\

HADIEES

pair opening angle >9°, p, > 100 MeV/c

efficiency-corrected
data

only statistical errors
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Comparison with transport theory (I) A

HADIES
HSD v2.5 of May 05, E. Bratkovskaya et al.

107° = N T P R S =

" Giessen HSD
" Tibingen RQMD
= Rossendorf

1080 AT A— A— A— -
- all masses |

t
-
o

.y

|

1/M(=°) dN/dp, [MeV]

Comparison of - 5 5
efficiency-corrected data 107100 S— — I (GIN E— ~
with theory E | | |

folded with HADES filter: AL R I T T N RN
" geometrical acceptance 0 200 400 600 800 1000 1200

" momentum resolution p, [MeVic]

pair opening angle >9°, P,> 100 MeV/c
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Comparison with transport theory (IL) =

HADIEES

RQMD calculation done by D. Cozma and C. Fuchs

vacuum calculation

-5
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mn-medium calculation
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o

= collisional broadening
= extended VDM + decoherence
= Brown-Rho scaling of VMs

See Phys. Rev. C68 (2003) 014904 for details.
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RQMD mass and p, spectra //’@i\

HADIEES
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I-IADI--“.."'I

Comparison with transport theory (IIT)

Calculation done by B. Kampfer et al.

(preliminary!)
F T T T T T T T T T
ok ]
10 - C+C, 2.0 GeV -
— with HADES filter ]
— -3 ]
@ 10 4
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HADES experimental runs

70\

HADIEES

" October 2003: p+p commissioning run (1 GeV, 2 GeV)

" full coverage with outer MDC IITI (4 MDC IV, Ap/p~ 3.5 % at 0.7 GeV/c)

" February 2004:

p+p 2.2 6eV production run

" target 5 cm LH,

500 Mevents

CBM Workshop 2005
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Proton beam @ E,;,=2.2 GeV
ptp—>pt+tp+X

total Cross Section : 47mb
2 charged particles : 43mb
4 charged particles : 4mb
pnm* 13.80 mb
pnm*m’ 4.00 mb
ppm’ 2.85 mb
ppr’n’ .00 mb
ppr'n’nt’ 0.13 mb
pA* 3.20 mb
pPA™TL” 2.00 mb
PP 1.00 mb
pprt 0.40 mb
pPNTTT T 0.40 mb
pnrtr’n’ 0.40 mb
pN(1535)->pnn 0.15mb

(from literature)

70\

HADIES
2-prong events:

= pp elastics scattering — test detector performance
" pp inelastic channels — inclusive t’ and 1 prod.
= ¢*e” pairs — inclusive dilepton production

4-prong events:

® hadronic channel pp—ppa‘n
— exclusive N production — coupling to N

" leptonic channelp p — p p e*e”
— exclusive nt” and n production — m form factor

Data taken 1n high-resolution mode!
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pp elastics scattering at 2.2 GeV

A\

|'|A|3|--‘.."'l
Coplanar reaction geometry!
Azimuthal angles Polar angles
35000 — 40000 _ 1
300001 35000F- ;= 0.460
30000F- Veu
250001 E
: 25000
20000 3 20000F
15000 2_ 15000 ; tan g, -tand, = %
10000 10000 Yeu
5000/ 5000;— j

176 172 174 176 178 180 182 184 186 188 190
|¢1'¢2|

0036 038 04 042 044 046 048 05 052 054 056
tan(6,) * tan(6,)

Spline: A@=180.0+1.4°
RK: Ap=180.0x0.7°

Tests detector alignment and
momentum resolution:c,/p = 4-5%
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Inclusive e*e” production at 2.2 GeV

| hmass_cut9_pol1 |

10°

10°®

107

10°®

10°

7NN
70\

HADIEES

hmass_cutd_back_0_sig_norm
Entries 7073
P Mean 7312

B G{L RMS  83.78

- 2

= %,

e 2

:n:“l 0@{.

B -..II ) . ,_P. Y

: . Simulation

;_ +t+%

8 +j;

= Data _T_ h__%__

Ll # | .h Ll L,
100200 500 400 500 600" 700 800 900 1000

M [MeV/c?]

ee

To be compared with A+A!
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1 v &3'\
Exclusive n from 4-prong events AN\

HADIEES

ppP—ppn pp—pp1

BR=22.6% ‘—» T BR=0.6% ‘—» eey

Constraint: miss. mass of (pprx 7" ) =M (z°) Constraint: miss. mass of (ppe*e ) =M (y)=0

28

Result of kinematic refits:

Hadronic channel Leptonic channel
sunni 1400:_ i
30000 M — 9 50 S
- n - oM =2.5% 1200 IIE 6\ /M = 2.5%
C 1000? i f}
:mun:— 800:— !
- 2 b soof ) 1500 n
- % 400f z
1000:— :%@ 200:
‘}\%Q x
- . By §
200 450 500 550 600 650 700 750 800 ol] 100 200 300 400 S5S00 600 700 800 29!]0 1000
pp missing mass [MeV/c?] pp missing mass [MeV/c?]
Ph.D. A. Rustamov I—y Tl form factor
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Conclusions & outlook ﬁ@iﬁl

HADIEES

HADES is up and running!

First physics results obtained on C+C and p+p! (to be published soonlll)
Ongoing analysis of pp data

Ongoing analysis of more 1 AGeV C+C and 2 AGeV Ar+KCl data

Scheduled physics runs:
" proton, deuteron and pion beams (2006)

Completion of outer tracking system (end 2005) — full hi-res tracking
Upgrade of TOF subsystem with RPC (2007) — Ni+Ni & Au+Au runs
Feasibility studies for HADES operation at FAIR — 2-8 AGeV runs
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HADIEES
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Upgrade: TOFINO replacement by RPC 2\

HADIEES

"TOFINO:

"time-of -flight between 18°-
45°

" 4 paddles per sector only
" limited resolution (350 ps)

" insufficient granularity for HI
— Replace by RPCs

Aim for:

" better particle ID
" higher granularity
— AutAu system!

Target

129
Sector array + readout electronics
in beam test right now!!!
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Cavalry to the rescuel
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Momentum

resolution: 2,3,4 MDC planes
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HADES geometrical acceptance 5”’@\

HADIEES

Schicker et al.,

NIM A380 (;L996)V Rapidity: y = 0.2-1.7
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& 0.6
g 0.4
0.2 For comparison:
0 - yi,=0.68 @ 1 AGeV
vi,=091 @ 2 AGeV
%
©
e

34 CBM Workshop 2005 Romain Holzmann, GSI



pr & y acceptances A\

HADIEES
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HADIEES

Event vertex resolution

Segmented C target: 2 x 2.5%, 2 cm apart
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Electron/positron identification Q‘@R\
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Events with lepton multiplicity >1 in
LVL1 triggered events: only 1.2 % |

@@ Matched RICH and META signals (LVL2)

+ matching with fully reconstructed tracks
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o o . ‘,}?‘- fﬁ?\\
On-line/off-line comparison AN\

HADIEES

" Trigger condition used in
November 2002 run: A

= At least one good electron candidate

= Ring matched with META hit
" Data rate reduced by 92 %

" Pair enhancement by factor of ~ 9

Y

=
L]

LVL2 Scaled down by 9.2'!

LVL1
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" Single lepton efficiency of
IPUs + matching ~ 62%
(pairs 82%)
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Charged pions (C+C @ 2 AGeV)

70\

HADIES
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K° > w*n- reconstruction (C+C @ 2 AGeV) ///Aﬁg‘\

HADES
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Meson multiplicity systematics A\

HADES
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DLS excess yields

DLS experiment observed
large excess of di-electrons
when compared to known
sources

= pion, eta Dalitz decays

Effect much stronger than at
SPS energies

Visible also in light-ion
induced reactions

do/dMe. {(ub/GeV/c?)

No conclusive theoretical
explanation (yet)

= Experimental problem or
new physics ??
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dg,/dM (4b/GeV)

A reminder:

the DLS pp data
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Data: Wilson et al.
PRC 57 (1997) 1865

Theory (folded with
the DLS response):

C. Ernst et al.
PRC 58 (1998) 447

= Fair agreement
of total yields
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Real trouble starts with pd datal
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e Fermi momentum
e correlations
e pn collisions




HADES in pictures @
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