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Disclaimer

* Avery personal - not necessarily Helmut’s - view

e By far not complete

......

* |t’s not a KaoS review

* And...
KaoS: A truly collaborative endeavor!

Christian Miintz (Goethe University Frankfurt), SQM 2017



The Appetizer
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TORI

Dissipative HIC . R . W —~—, 4,
Tool: e’/e* spectroscopy \ BT sl | | ‘é § <Y 4 il t%
! 7,

* Fast stopping
* Long contact times

™ Nuclear Instruments and Methods in Physics Research A234 (1985) 81-90
__ North-Holland, Amsterdam

THE TORI SPECTROMETER, A MAGNETIC TRANSPORT SYSTEM SEPARATING POSITRONS |
AND ELECTRONS EMITTED IN HEAVY 1I0ON COLLISIONS

7 E. KANKELEIT, U. GOLLERTHAN, G. KLOTZ, M. KOLLATZ, M. KRAMER, R. KRIEG,

¥) U. MEYER, H. OESCHLER and P. SENGER

Institut fur Kernphysik, Technische Hochschule Darmstadi, Germany
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KaoS Proposal

mPOSAL FOR A QD-MAGNETIC KAON SPECTROMETER AT SIS “

E. Grosse (co-spokesperson), R. Bock, H. Bokemeyer, R. Brockmann, H. Grein,
W. Henning, T. Humanic, A. Sandoval, D. Schiill, P. Senger, H. Stelzer, H. Strobele
(GS| Darmstadt)

CH. Oeschler (Technische Hochschule Darms@D

tic spectrom

in energetic
0 the require

2 (>30 msr).
(University of Frankfurt) ve 1 GeV/c (

J.W. Harris, S. Chase (Lawrence Berkeley Laboratory) n (<3% wi
B. Kohimeyer, F. Puhlhofer, H. Stege (University of Marburg) the efficient

detectors necessary for particle identification and raytracing, involving

bers, time-of-flight scintillators, aerogel and water Cerenkov detectors and seg-

construction of the spectrometer is the measurement of kaons, it can as well be

considered a general purpose magnetic_spectrometer for other hadrons and for

leptons. Its large solid angle also allows the study of two-particle correlations.

Christian Miintz (Goethe University Frankfurt), SQM 2017



KaoS

* A new, dedicated QD magnet combination
« A 2" generation experiment (after LBL BEVALAC)
* Focus: Subthreshold kaon spectroscopy

* Proposal 1987...7

* Forming a Collaboration:

Univ. Frankfurt: R. Stock, H. Strobele, ...

Univ. Marburg: B. Kohlmeyer, F. Pihlhofer, ...

TU Darmstadt: H. Oeschler, ....

Jag. Univ. Krakow: W. Walus, ...

GSl: H. Grosse, W. Henning, P.
Kozcon, P.Senger, ...

F::-'." - Emall Angle
Lol Hodaoscops

%

TaF Stari MWL 1 4
II". Large Angle
". Hodosoope

MWPC 2
MWWFC 3
Q =30 msr B

ToF Siop Wall

Plaxiglas

Cost estimate: 5 Mio DM & Water —

Chargmkoy
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Project Plan

1988 1989

Calculations

!
|
Engincering Bid Manufact. Assembly Field Map

Eng. Bid Manufact. Assembly

, Eng. Bid Purchase Assembly Tcst:
|§|New roposal ion of previ xperimen %
E Eng. Manufact. Assembly Test PP D Continuation o P it L Y
] 3. Spokesperson: Address: Telephone: Computer Mail:
Design ! Peter Senger GS1 652
& :
Onsmmmf b 4. Participants: Address: Telephone: Computer Mail:
| The KaoS-Collaboration: W. Ahner, H. Bokemeyer, R. Brockmann,
Design  Construction  Test 2' gtoin, E. Grosse, W. Henning, D. Miskowiec, A. Sandoval,
) : « Sénger, W. Walus (GSI); P. Baltes, H. Jiger, Ch. Mintz
Design Purchase Assembly Test : ’ ¢ R ger, . ‘
R 2 ¥ : H. Oeschler (TH Darmstadt); R. Renford.,H. Strdbele, K. Stiebing,
Design Construction Assembly Test R. Stock (Univ. Frankfurt); B. Kohlmeyer, H. P&ppl, F. Plhlhofer
Concept Design Purchase Assembly Test (Univ. Marburg); W. Benenson (Michigan State Univ.)
[ l b

8. Requested Beam Time (in shifts of 8 hours each)
20 3

) Total: Number of runs:
9/89. The following recommendation was made in connection with your request for
peamtime (S027, "Commissioning the Kaon Spectrometer”), with which | con- after 15.3.90
s Prefered d Datgs when you cannot run;

Commissioning of KaoS should be give ever,
that no p- and a-bea : vallable for commissioning. The experim
has been assigned 1Qgategory #1 and has been allocated 5 days of beamtime.

Sincerely yours,

Christian Miintz (Goethe University Frankfurt), SQM 2017



Construction & Completion, late 80s ——

) INSTRUMENTS

Nuclear Instruments and Methods in Physics Research A327 (1993) 393-411 & METHODS
North-Holland IN PHYSICS
RESEARCH

SectionA

The kaon spectrometer at SIS

P. Senger ¢, W. Ahner ?, P. Baltes ", P. Beckerle ¢, Ch. Bormann ¢, D. Brill ¢, M. Cie§lak ?,
E. Grosse ®, W. Henning *!, P. Koczof ¢, B. Kohlmeyer ¢, W. Konrad ¢, D. Miskowiec ?,
Ch. Miintz ®, H. Qeschler ®, H. Poppl ¢, W. Prokopowicz ¢, F. Piihlhofer ¢, S. Sartorius °,
R. Schicker *, B. Schlei ¢, E. Schwab ¢, Y. Shin ¢, J. Speer ¢, J. Stein ¢, K. Stiebing ¢,

R. Stock ¢, H. Strgbele ¢, Ch. Sturm ®, K. Vélkel ¢, A. Wagner ® and W. Walus ©

@ Gesellschaft fiir Schwerionenforschung m.b.H.

? Institut fiir Kernphysik, Technische Hochschule
 Insttut fitr Kernphysik, Johann-Wolfgang-v.Goe
¢ Fachbereich Physik, Philipps Universitdt, D-35;
¢ Insnitute of Physics, Jagiellonian University, PL

] 4
' 4 4 L
E. Grosse ... ... ... P.Senger

Christian Miintz (Goethe University Frankfurt), SQM 2017
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Dismantling of KaoS in 2003

e Anew life @ MAMI

* Setup: 2003 - 2008/9

2.6.: Photograph of the spectrometer hall operated by the Al Collabora-
tion as of 2008. The KAOS spectrometer at the near-target position
is surrounded by the high-resolution spectrometers (SpekA, SpekB,

Figure 2.3.: Photographs of magnet pieces from the KAOS spectrometer taken £ Spekl ). gt ot }:ar:; ot slrelding walll wiro fetoved to
. A get mamtenance access to the aetectors. e Kaon electro-production
during the transport in June 2003. experiments that started in 2008 were performed using this set-up.

Christian Miintz (Goethe University Frankfurt), SQM 2017



The Entree

Christian Miintz (Goethe University Frankfurt), SQM 2017



Technical Contributions

‘echnical University Darmstadt:
0.5 full-time equivalent scientist and 1-2 students
., construction and testing; front-

KaoS Proposal: ...

for focal-plan ire chamber developm

end electronics and data aquisition

o .

e MWPC together with GSI, H.
Stelzer/ H. Daues

* FEE/DAQ:
e Charge sensitive Pre-Amp
e 8-bit ADC
e Transputer network

J. Foh, Electronics
Workshop, IKDA ‘93

Christian Miintz (Goethe University Frankfurt), SQM 2017



MWPC & R/O, DAQ

The Transputer-Based Data Acquisition System
" for Multiwire Proportional Chambers?¢

P. Baltes, J. Foh, E. Kankeleit, Ch. Miintz,
H. Oeschler, S. Sartorius, A. Wagner (TH Darmstadt)

and the KaoS Collaboration G SI 199 1

X.

' - Come = il ;m
1222 . Links”_|T222
! - : RDY -

-« “w=(Gontrol-Transputer

Figure 1: MWPC transputer network of one MWPC,

Teel | f—— EBI / FIC s VAX

[EBI-Interface|

Teee T222

AT486 PC Interface-TP|

l_l

MWPC 1 MWPC 2

Figure 2: Link connections between two MWPCs, the host
computer and the EBI interface.

Christian Miintz (Goethe University Frankfurt), SQM 2017



MWPC & R/O, DAQ

The Transputer-Based Data Acquisition System Properties of large MWPC’s at the GSI| 1988
for Multiwire Proportional Chambers?®¢ Kaon Spectrometer?€

P. Baltes, J. Foh, E. Kankeleit, Ch. Miintz, . u y .
H. Qeschler, S. Sartorius, A. Wagner (TH Darmstadt) P. Baltes, Ch. Miintz, H. Oeschler, 5. Sartorius,

: A. Wagner (TH Darmstadt), H. Stelzer {GSI
wad;thn: Bisos Gollshopstion GSl 1991 ; anl{i the Kaos Col]i’numtiun )

. ' Af ‘ b
=

l nnmrrmmnnnﬂ i

s

s Bl Cony--{s 8] o
IR 1 -~
222 Links”_|T222
i T - T [ —
Sirissresaasnseciod ~~Control-Transputer

Figure 1: MWPC transputer network of one MWPC,

Tee! — EBl / FIC / vAX

EI‘Inierv‘g

Teee T222

AT486 PC Interface-TP

I_1

MWPC 1 HWPC 2

Figure 2: Link connections between two MWPC’s, the host
computer and the EBI interface.
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Helmuts View on Detectors

| i e |
T 24 if

B ——

l "' J /'/,"» /;j
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The Main Course
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The Stage: ... High-Density - EOS - Kaons
VOLUME 55, NUMBER 24 PHYSICAL REYIEW LETTERS QDECEMBE

Subthreshold Kaon Production as a Probe of the Nuclear Equation of State

J. Aichelin and Che Ming Ko'®

T I
—0— CENTRAL DENSITY SOFT E.O.S.
—<©o — CENTRAL DENSITY STIFF E.O.S. 3
K SOFT E.O.S. — 3x10
——=— K STIFF E.OS.

3

1x107°

t [fmsc]

In summary, we have carried out microscopic calcu-
lations of kaon production at subthreshold energies us-
ing the Boltzmann-Uehling-Uhlenbeck equation. We
find that kaon production is sensitive to the nuclear
equation of state. For central collisions between heavy

systems, the number of produced kaons can differ by a
factor of — 3, depending on the equation of state. All

the kaons are created at the stage of maximum
compressions and are therefore sensitive to the equa-
tion of state at high densities. The sensitivity dimin-

Christian Miintz (Goethe University Frankfurt), SQM 2017



The Stage: ... High-Density - EOS - Kaons

VOLUME 55, NUMBER 24 PHYSICAL REVIEW LETTERS QDECEMBE
VoLUME 49, NUMBER 19 PHYSICAL REVIEW LETTERS BNOVEM
Collisions

Subthreshold Kaon Production as a Probe of the Nuclear Equation of State Role of Mean Free Paths of Product Particles in High-Energy Nucleus-Nucleus

Shoji Nagamiya
J. Aichelin and Che Ming Ko'®

Intuitive arguments, @ BEVALAC energy range

T I
—0— CENTRAL DENSITY SOFT E.O.S.
—<©o — CENTRAL DENSITY STIFF E.O.S. 3
K SOFT E.O.S. — 3x10
——=— K STIFF E.OS.

3

Energy
density

A
2x1073

t [fmsc]

Initial stage Final stage
multiple collision multiple collision

In summary, we have carried out macros
lations of kaon production at subthreshold l
ing the Boltzmann-Uehling-Uhlenbeck eq\
find that kaon production is sensitive to 1
equation of state. For central collisions bety

S PEC] suggests that mean free paths of these
product particles seem to play the major role in

systems, the number of produced kaons can differ bz a detﬂrn}ming such a dlfIEPFr_IcE. I alﬁ? implies
factor of — 3, depending on the equation of state. All that K~ probeés most sensitively the highest ener-
the kaons are created at the stage of maximum gy-density phase ol the collision. The data of
compressions and are therefore sensitive to the equa-

tion of state at high densities. The sensitivity dimin-

Christian Miintz (Goethe University Frankfurt), SQM 2017



The Stage

PHYSICAL REVIEW C VOLUME 40, NUMBER 2 AUGUST 1989

Inclusive production of K ¥ mesons in 2.1-GeV/nucleon nuclear collisions

S. Schnetzer,* R. M. Lom‘t)f.-lrd,T M.-C. LemaireLT E. Moeller,' S. Nagamiya,’ G. Shapiro,**
H. Steiner,** and I. Tanihata ¥
Nuclear Science Division, Lawrence Berkeley Laboratory, University of California, Berkeley, Berkeley, California 94720
(Received 17 February 1989)

K* meson production by 2.1-GeV/nucleon Ne, d, and p projectiles on NaF and Pb targets has
been measured. The cross sections depend exponentially upon the kaon energy in the nucleon-
nucleon c.m. frame, with an inverse slope T, larger than the values obtained from comparable pro-
ton and 7~ spectra. The angular distribution in this frame is approximately isotropic. The A
dependence of the kaon yield has been determined. Data are compared with theoretical predictions.

T I T ] T | T

@ LBL Lab angles <.3 ;g: .
BEVALAC: 0 857 (Ne). 60" p)

102 L

Ne + Pb — K" + X
T, = 160 MeV

(above NN
threshold)

10’

Ne + NaF —- K™ + X

Ty = 122 MeV

d?o/p? dpdQ {(Gev mb)/[sr(Gev/c)’]}

100 -
107"
p+p - K'+X
(2.54 GeV)
1072 exp. | | ]
200 400 600

T (MeV)
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The Stage: KaoS, a 2" Generation Kaon Experiment

PHYSICAL REVIEW C VOLUME 40, NUMBER 2 AUGUST 1989 -
Inclusive production of K ¥ mesons in 2.1-GeV/nucleon nuclear collisions PnVSI cs " ews I 9 9 8

S. Schnetzer,* R. M. Lom‘t)f.-lrd,T M.-C. LemaireLT E. Moeller,' S. Nagamiya,’ G. Shapiro,** -
H. Steiner,** and 1. Tanihata i Public Information Division, American Institute of Pyt e ory
Nuclear Science Division, Lawrence Berkeley Laboratory, University of California, Berkeley, Berkeley, California 94720 A Sllppl('"l(-'"f to APS News Edited b_l[ P’"”l}’ F. Schewe and Ben P. Stein

(Received 17 February 1989)

K* meson production by 2.1-GeV/nucleon Ne, d, and p projectiles on NaF and Pb targets has
been measured. The cross sections depend exponentially upon the kaon energy in the nucleon- - . . % =
nucleon c.m. frame, with an inverse slope T, larger than the values obtained from comparable pro- KAONS BEHAVE STRANGELY in dt‘nb(‘ nudcar matter. RL‘CCT\“)’, cxpcrl-
ton and 7~ spectra. The angular distribution in this frame is approximately isotropic. The A

dependence of the kaon yield has been determined. Data are compared with theoretical predictions. AP S N EW S
O' w 5 T T T T T T

SN i 7
T I T I T I ] 2
@ LB I_ Lab angles © 15° _
. 3 < 0.10
BEVALAC: 2 55 e 6 0 4 ©
: = 80° ‘ . .
102 — — ‘ [
— = Ne + Pb — K* + X Z
o T, = 160 MeV ™~
(above NN = —
8 ! 0.05
& 10 I B
threshold) = I ]
E Ne + NaF — K" + X L 4
é_” To= 122 MeV i |
% 100 - O 1 | 1 1 | 1 | | 1 1
£ B -90 0 +90
&
5
; ¢ (deq)
107"~
B VOLUME 81, NUMBER 8 PHYSICAL REVIEW LETTERS 24 AugusT 1998
p+p - K'+X
(2.54 GeV) o 2 i 4
02 exp. | | | Enhanced Out-of-Plane Emission of K* Mesons Observed in Au + Au Collisions at 1A GeV
200 400 600 p <
T+ (MeV) Y. Shin,> W. Ahner.' R. Barth,' P. Beckerle,? D. Brill,> M. Cieslak.” M. Debowski,” E. Grosse.® P. Koczon,'
B. Kohlmeyer,* M. Mang,! D. Miskowiec,! C. Miintz,> H. Oeschler,? F. Pithlhofer,* E. Schwab,! R. Schicker,!

P. Senger,' I. Speer.* H. Strébele.® C. Sturm,” K. Vélkel.* A. Wagner.”* and W. Walus®
(KaoS Collaboration)

Christian Miintz (Goethe University Frankfurt), SQM 2017



Pions

@ LBL BEVALAC:

VOLUME 53, NUMBER 21 PHYSICAL REVIEW LETTERS 19 NOVEM@ER 1984

Ar + KCl - 7~
1.8 GeV/nucleon

-
o
w

L]

Pion and Proton ‘‘Temperatures’ in Relativistic Heavy-Ion Reactions

R. Brockmann, J. W. Harris, A. Sandoval, R. Stock, and H. Strébele
Gesellschaft fiir Schwerionenforschung, D-6100 Darmstadt, West Germany

1 L1l

1

and

Data 90° c.m.
Central Collisions

G. Odyniec, H. G. Pugh, and L. S. Schroeder
Nuclear Science Division, Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720

and 2 =
102; E
R. E. Renfordt and D. Schall F -
Institut fiir Hochenergiephysik, Universitit Heidelberg, D-6900 Heidelberg, West Germany :
and “
D. Bangert and W. Rauch 7
Fachbereich Physik, Universitdt Marburg, D-3550 Marburg, West Germany
and 10:= =
F -
K. L. Wolf l :
Cyclotron Laboratory, Texas A&M University, College Station, Texas 77843 F p 2
|
. . ]
0.4 0.6 ;
Pion c.m. energy (GeV)

XL M-8

© LBL streamer chambers
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Helmut, with H. Strobele: Proposal(s) on High-Energetic Pions

fon Collisions

] New proposal m Continuation of previous experiment
Addross: Telephone: Computar Mail:
TH Darmstadt GSI 612 Z171 DDAGSI3
Univ. Frankfurt GS1 667
Adcrass: Telephone: Computer Mailk:

"The KnoS Collaboration: W. Akner, R. Brockmana, E Grosse, W. Henning, P. Koczon, D. Miskowiee,
A. Sandowal, R. Schicker, P Senger (GSI Darmatadt); P. Baltes, Ch. Muntz, H. Ocschler, S. Sartorius, A
Wagner (TH Darmstadt); Ch. Bormaan, D. Brill. R. Renfordt. Y Shia, J. Stein, H, Strobele, K. Sticbing, 2 Tl
R. Stock (Univ. Frankfurt); B. Kohlmeyer, W. Koarad, H Pappl, F. Pahlhofer, K. Valkel (Univ. Marburg); @ of Proposal:
M. Cieslak, W. Walus (Univ. Krakow), M. Berg, L. Catlen, G. Ericsson, B. Jakobsson, O, Oskarsson (Univ
Lund); T.F. Thorstein, K. Nybo (Univ. Bergen); J. Julien {CEN Saclay)

Dynamics of A Production and A Decay

(] New proposal E Continuation of previous experiment
- £, Grosse
5. GSI Contact Person: S : 8. okesperson: : . it
%P. 'bessﬁﬁ er mtgae?ﬁétadt GSI E?lfnr?ioq% 2321Com?1u7tfr Mait
8. UNILAC: :] sis: T z3R: : H. Strobele Univ. Frankfurt 069-798-4259
7. Requested 3eam Propaerties and Experimental Sxquipment: g .|
ARY FORM FOR SAFETY ASPECTS OF YOUR
3. lon species (Charge state | needced): ca, Ar, Nij / Ay (Xe)
O. ““ensl{'/ ‘pan‘cze ."A): 2 '.e“ i L‘A‘:o QrS/SQ‘ 'l Dth "‘;CS °c A Pl.lue";bh ou A DC Cay,
c. Energy (MeViu): 500 800, 1500 Spokesperson: H. Oeschle. [ H., Strgbele }
act Person: E. & rosse

8. Requested Beam Time (in shifts of 3 hours 2ach)

Total: 10 (in addition to S029) Number of runs: 2 © Helmuts hand writing

Prefered dates: _UL__ Dates when you cannot run:

Christian Miintz (Goethe University Frankfurt), SQM 2017



No Systematic Pion Studies, yet!

Herrn

H. Qeschler

Inst. 1. Kernphysik
TH Darmstadt
Schlossgartenstr, 9

5100 Darmstadt

L-TOF!
Start (L1)

Start {L2) .
I
Stop n___A_'_ :
StopK _5_Ji o
Stop P —l :I

Start {L1) Out (o)
sop & —
top —

r_ & K-Trgger

Start (L2}
Stop & [ Out (% or K
Cherenkov {morK)

Darmstadt, Decembear 17th, 1990

Dear Colleague,

on November 28/29, 1890, the Expenmentausschul met at GSi to discuss pro-
posals and requests lor beam time submitted lo GS1 until October 19, 1990,

The following recommaendation was given concarning your expariment;

5030
Hard Energetic Pions from Relativistic Heavy lon Collisions N O
[ )

with which | concur.

The committee was pleased o see the progress made during the short initial
commissioning pericd, and is eagerly waiting for the expedicious completion
of these sxperimanis in the 15+ 15 shifis already approved.

n the unique opportunity
g subthreshold K'-production
ith

The committee advises the collaboration to fo
given by the SIS facllity, namely measuring
with the Au beams and the axcitation function to

Such a measurement will yi&d simultaneocusly

multiplicity triggered proton andPhe

large sample of interesting

sincerely yours, =

Christian Miintz (Goethe University Frankfurt), SQM 2017



Nethertheless ...

33 papers found, 28 of them citeable (published or arXiv)
I N S P | R E Citation summary results Citeable papers

Total number of papers analyzed: 28
Gesamtzahl Zitationen: 1,568
Durchschnittliche Zitierung pro Artikel: 56.0

* “find a oeschler and a senger and date > Eireaiclownof papers by chiations:
Renowned papers (500+)

1989”: 33 papers ( 28 citable, 11 PRL) Famous papers (250-499)

Very well-known papers (100-249)
Well-known papers (50-99)
Known papers (10-49)

Less known papers (1-9)
Unknown papers (0)

h.= index 17

N IN I O IO

(Ref: “find cn kaos”: 45, 25 citable)

—

N
o IN W

Christian Miintz (Goethe University Frankfurt), SQM 2017



Publications — A Focus of Helmut’s Work!

1) Planned kaon experiments at SIS By KaoS Collaboration (P. Senger et al.).

2) Subthreshold kaon production in Au on Au collisions at 1-GeV/u By W. Ahner et al.

3) Particle production at SIS energies and the nuclear equation of state By W. Ahner et al.

4) The KAON spectrometer at SIS By P. Senger et al.

5) Azimuthally anisotropic emission of pions in symmetric heavy ion collisions By D. Brill et al..

6) Observation of enhanced subthreshold K+ production in central collisions between heavy nuclei By D. Miskowiec et al..

7) Properties of high-energy pions emitted from heavy ion collisions at 1-GeV/nucleon By C. Mintz et al..

8) Charged pion production in heavy ion collision at SIS energiesBy KaoS Collaboration (C. Miintz et al.).

9) Subthreshold K+ production in nuclear collisions By P. Senger et al..

10) Kaon production in relativistic nucleus nucleus collisions By KaoS Collaboration (P. Senger et al.).

11) On the size of the pion emitting source in heavy ion collisions at 1-A-GeV By A. Wagner et al..

12) Pion and kaon emission from the fireball formed in Ne + NaF collisions at 1-GeV/nucleon to 2-GeV/nucleon By W. Ahner et al..

13) Subthreshold production of kaons and anti-kaons in nucleus-nucleus collisions at equivalent beam energies By KaoS Collaboration (R. Barth et al.).
14) Studies of the out-of-plane emission of pions in symmetric heavy ion collisions By D. Brill et al..

15) Evidence for different freezeout radii of high-energy and low-energy pions emitted in Au + Au collisions at 1-A/GeV By A. Wagner et al..

16) Enhanced out-of-plane emission of K+ mesons observed in Au + Au collisions at 1-A/GeV By KaoS Collaboration (Y. Shin et al.).

17) Medium effects in kaon and anti-kaon production in nuclear collisions at subthreshold beam energies By KaoS Collaboration (F. Laue et al.).

18) A Measurement of the Coulomb dissociation of B-8 at 254-MeV / nucleon and the B-8 solar neutrino flux By N. Iwasa et al..

19) The Emission pattern of high-energy pions: A New probe for the early phase of heavy ion collisions By A. Wagner et al..

20) First measurement of anti-kaon phase space distributions in nucleus - nucleus collisions at subthreshold beam energies By KaoS Collaboration (M. Menzel et al.).
21) Evidence for a soft nuclear equation of state from kaon production in heavy ion collisions By KAOS Collaboration (Christian Thomas Sturm et al.).
22) Production of charged pions, kaons and anti-kaons in relativistic C + C and C + Au collisions By KaoS Collaboration (F. Laue et al.).

23) Kaons in dense matter: results from KaoS By KaoS Collaboration (P. Koczon et al.).

24) Productions of antikaons and kaons in proton nucleus collisions near threshold By KaoS Collaboration (W. Scheinast et al.).

25) Kaon and antikaon production in dense nuclear matterBy KaoS Collaboration (Christian Thomas Sturm et al.).

26) Coulomb dissociation of 8-B and the low-energy cross-section of the Be-7(p,gamma)B-8 solar fusion reaction By F. Schumann et al..

27) First evidence for different freezeout conditions for kaons and anti-kaons observed in heavy ion collisionsBy KaoS Collaboration (A. Forster et al.).
28) K+ and K- production in heavy ion collisions at SIS energiesBy KaoS Collaboration (A. Forster et al.).

29) Observation of different azimuthal emission patterns for K+ and of K- mesons in heavy ion collisions at 1-A-Gev to 2-A-Gev By F. Uhlig et al..

30) Review of the results of the KaoS collaborationBy KaoS Collaboration (A. Forster et al.).

31) Kaon and pion emission in asymmetric C+Au and Au+C collisions at 1.0A GeV and 1.8A GeV By A. Schmah et al..

32) Coulomb dissociation of B-8 and the low-energy cross section of the Be-7 (p, gamma) B-8 solar fusion reaction By F. Schumann et al..

33) Production of K+ and of K- Mesons in Heavy-lon Collisions from 0.6 to 2.0-A-GeV Incident Energy By A. Forster et al..
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Publications — A Focus of Helmut’s Work!

* 33 papers w/ KaoS

1) Planned kaon experiments at SIS By KaoS Collaboration (P. Senger et al.).

° 2) Subthreshold kaon production in Au on Au collisions at 1-GeV/u By W. Ahner et al.
I o n S 3) Particle production at SIS energies and the nuclear equation of state By W. Ahner et al.
4) The KAON spectrometer at SIS By P. Senger et al.

5) Azimuthally anisotropic emission of pions in symmetric heavy ion collisions By D. Brill et al..
6) Observation of enhanced subthreshold K+ production in central collisions between heavy nuclei By D. Miskowiec et al..

 Red/Green: Helmut’s students:

- 12 pa pers 7) Properties of high-energy pions emitted from heavy ion collisions at 1-GeV/nucleon By C. Mintz et al..
8) Charged pion production in heavy ion collision at SIS energiesBy KaoS Collaboration (C. Miintz et al.).
— incl. 4 PRLs, 1 review 9) Subthreshold K+ production in nuclear collisions By P. Senger et al..

10) Kaon production in relativistic nucleus nucleus collisions By KaoS Collaboration (P. Senger et al.).

11) On the size of the pion emitting source in heavy ion collisions at 1-A-GeV By A. Wagner et al..

12) Pion and kaon emission from the fireball formed in Ne + NaF collisions at 1-GeV/nucleon to 2-GeV/nucleon By W. Ahner et al..

13) Subthreshold production of kaons and anti-kaons in nucleus-nucleus collisions at equivalent beam energies By KaoS Collaboration (R. Barth et al.).
14) Studies of the out-of-plane emission of pions in symmetric heavy ion collisions By D. Brill et al..

15) Evidence for different freezeout radii of high-energy and low-energy pions emitted in Au + Au collisions at 1-A/GeV By A. Wagner et al..

16) Enhanced out-of-plane emission of K+ mesons observed in Au + Au collisions at 1-A/GeV By KaoS Collaboration (Y. Shin et al.).

17) Medium effects in kaon and anti-kaon production in nuclear collisions at subthreshold beam energies By KaoS Collaboration (F. Laue et al.).

18) A Measurement of the Coulomb dissociation of B-8 at 254-MeV / nucleon and the B-8 solar neutrino flux By N. lwasa et al..

19) The Emission pattern of high-energy pions: A New probe for the early phase of heavy ion collisions By A. Wagner et al..

20) First measurement of anti-kaon phase space distributions in nucleus - nucleus collisions at subthreshold beam energies By KaoS Collaboration (M. Menzel et al.).
21) Evidence for a soft nuclear equation of state from kaon production in heavy ion collisions By KAOS Collaboration (Christian Thomas Sturm et al.).
22) Production of charged pions, kaons and anti-kaons in relativistic C + C and C + Au collisions By KaoS Collaboration (F. Laue et al.).

23) Kaons in dense matter: results from KaoS By KaoS Collaboration (P. Koczon et al.).

24) Productions of antikaons and kaons in proton nucleus collisions near threshold By KaoS Collaboration (W. Scheinast et al.).

25) Kaon and antikaon production in dense nuclear matterBy KaoS Collaboration (Christian Thomas Sturm et al.).

26) Coulomb dissociation of 8-B and the low-energy cross-section of the Be-7(p,gamma)B-8 solar fusion reaction By F. Schumann et al..

27) First evidence for different freezeout conditions for kaons and anti-kaons observed in heavy ion collisionsBy KaoS Collaboration (A. Forster et al.).
28) K+ and K- production in heavy ion collisions at SIS energiesBy KaoS Collaboration (A. Forster et al.).

29) Observation of different azimuthal emission patterns for K+ and of K- mesons in heavy ion collisions at 1-A-Gev to 2-A-Gev By F. Uhlig et al..

30) Review of the results of the KaoS collaborationBy KaoS Collaboration (A. Forster et al.).

31) Kaon and pion emission in asymmetric C+Au and Au+C collisions at 1.0A GeV and 1.8A GeV By A. Schmah et al..

32) Coulomb dissociation of B-8 and the low-energy cross section of the Be-7 (p, gamma) B-8 solar fusion reaction By F. Schumann et al..

33) Production of K+ and of K- Mesons in Heavy-lon Collisions from 0.6 to 2.0-A-GeV Incident Energy By A. Forster et al..
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Reviewing KaoS Results: Reports & Talks

Pions

Heavy Ion Collisions at SIS Energies
Oeschler, Helmut

Darmstadt : Institut fur Kernphysik der Technischen
Universitat Darmstadt, 2000

Pion and Kaon Production as a Probe
for Hot and Dense INuclear Matter

CO,Oe
Helmut Oeschler! 7bW/7
1998
Institut fiir Kernphysik, Technische Universitit Darmstadt,
D - 64289 Darmstadt, Germany
for the KaoS Collaboration®

Abstract. The study of particle production in heavy ion reactions represents a
valuable tool to extract information on the properties of hot and dense nuclear
matter. Pions, kaons and protons were detected in mass-symmetric heavy ion reac-
tions from C+C to Au+Au at incident energies between 0.6 and 2.0 A-GeV with
the magnetic spectrometer KaoS installed at SIS, GIS. The study of K+ mesons is

+ Strange particle production fron
QOeschler, Helmut

Darmstadt : Techn. Univ., 2001

Interests:
e Systematics & the global picture:
e Particles

Kaon production in heavy ion collisions : which
is best suited to observe in-medium
potentials? Jpresented at the workshop on...
Qeschier, Helmut

Darmstadt : Inst. fur Kernphysik, 2005

. ¥
\
.
D

* Beam energy
e Collision phases
° T’ vl

...See the following talks!
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Students @ KaoS

8 Diploma Pions
* A.Wagner
e A.Sartorius 5 PhDs
e P. Baltes
e C.Sturm C. Miintz (1993):  Origin of high-energy pions, Z. Phys. A 352, 1995, A 357, 1997,
e A. Forster now at Goethe-Univ. Frankfurt
 F Uhlig
. S lang A. Wagner (1996): Emission pattern of high-energy pions, ,,pion clock”, Coulomb, Phys. Lett. B 420
1998., Phys. Rev. Lett. 85 (2000),
e A.Schmah

now at HZDR Rossendorf

C. Sturm (2001): K* - EOS/incompressibility of nuclear matter, Phys. Rev. Lett. 86 (2001),
now at GSI/FAIR

A. Forster (2003): K*K" - Emission times & strangeness exchange (Au+Au 1.5
AGeV), Phys. Rev. Lett. 91, 152301 (2003),
now at ESO Garching

F.Uhlig  (2003): m K*K - Azimuthal emission patterns (Ni+Ni), Phys. Rev. Lett. 95, 012301 (2005),
now at GSI/FAIR
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The Dessert
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What KaoS People Wrote & To Take Away...

A collection of quotations taken from theses credits of his students:

“Many thanks to Helmut Oeschler for ...

e ... backing me up, and never let me realize who really is sitting in the drivers seat
e ... trustfully granting freedom and responsibility

* ... perfect supervision in all phases, and selecting research subjects with foresight
e ... always be around for help, discussions and motivation & inspirations

* ...mentoring in science and beyond questions

e ...your cheerful and open-hearted nature”

Thank You!
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