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Stroboscopic Observation

of Larmor Precession in Nuclear Excited States

Shoji Nagamiya and Kenzo Sugimoto

Department of Physics, Faculty of Science,
Osaka University, Toyonaka, Osaka
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Fig. 2. The n = 2 stroboscopic resonance for the 8+ state of 2°Po. A 30 cm® Ge(Li) detector was
used in this measurement.
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T. Yamazaki, S. Nagamiya, O. Hashimoto, K. Nagamine, K. Nakai,
K. Sugimoto, and K. M. Crowe, Phys. Lett. B53 (1974) 117.
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Memorable Year, 1974

o Summer: LBL Summer Study on High
Energy Heavy lon Collisions

o Fall : Symp. at the Japanese Phys. Soc.
Meeting on “Nuclear Physics with High
Energy Heavy lons”

» Fall: New York Workshop on BeV per
Nucleon Collisions of Heavy lons

Major Ach|evement by the Bevalac

e Collision geometry:
— participant-spectator separa\ﬁ'bnv \
® Reaction mechanism for particiﬁaQts:
— Evidence of multiple collisions = temper:

— Composite formation (coalescence of nuel

— Pion production (systematics including mul I
excitation, energy and angular distributions)

— Subthreshold meson production

— Pion interferometry

— Strange particle production

— Coulomb final-state interactions

— Forward and backward particle production




Major Aéﬁi"é“Vem\ent by the Bevalac

(continued)

® Reaction mechanism for sp'é"ctgtors:

— Fermi motion of the nucleon is a deminant source for
momentum distributions

® New modes and new concepts:
— Collective flow

e side splash, explosion flow, squeezing
— Entropy
— Multi baryonic excited state
® Application:
— New isotopes + radioactive beams







Participant-Spectator Separation
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The total number of protons assigned to the participant, Z&™™, is thus
given by
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Similarly, the total numbers of protons assigned to the projectile, spectator {symmetric case)
and target spectator are, respectively, given by €
&
F-
. < Ar+KCl
ZEP = Z, — (2 .l
o /,
Zo(Ap?® L DAN34,13 S .
T 3.5 = .
(Ap® + A7) G.5) 8 =12 fm //
and : 7
targ specy . _ Zr(Ar*S + 24pV2 A7) ;
Zogt® T (ApB A:us)zT (3.6)1 = 7
K] $ 0.4 GevA
2 ¢ 0.8GeVA
Total Yield = mr 2(Ap"3+A;"3)2 Z + 21 Geva
. ) 1 I
S. Nagamiya and D. J. Morrisey, 0 4o =0
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FIG. 4. Proton and pion energy spectra for high-
multiplicity events of 800-MeV/nucleon Ar + KCl. Co-
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curves calculated by the explosion model (Ref. 12) were
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Explosive Flow

(Compression and Explosion)

Explosion flow

Non-relativistic case

(Eo=me B, = m#/2)
- Chaotic (thermal); Eg%’ - Eog%’oc exp{-E,, /Ty
For a given kinetic energy: v, < v,, for M>m
- Radial flow (constant v;,,) superposed:
V= Vo Vi = B By V2B oM Vi + MYy, 772
= AE;(M) > AE(m) due to flow !

_ 2
=| T = To + MVy,2/2

P. J. Siemens and J. O. Rasmussen,
Phys. Rev. Lett. 42, 880 (1979).
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In 1982, | returned back
home to Univ. of Tokyo
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Major Achievement at the AGS

e Stopping Power:

— AGS energy is ideal to stop colliding nuclei, to
create the highest matter density.

@ Strangeness:
—Kfmratio in AA is higher than that observed in pp.
—KK interferometry: AKK) < Amnmn).
— Measurement of ¢, A, anti-A, etc.
e Flow:
— Many types of flow patterns observed.
— Nucleon and meson show a different flow pattern.
e Search for new matter:
— Strangelet, H particle, anti-nuclei, etc.

Maior Achievement at the AGS

(continued)

@ Excitation function:

— Smooth transition from 2to 10 A GeV for many
quantities, such as K/p ratio.

— Flow strength reaches its maximum at a few A
GeV.

e Missing at the AGS:

— Lepton-pair measurements, photon measurements,
4n measurements. + Rare Events

e Towards RHIC:

— The AGS heavy-ion program has been a driving |
force towards the RHIC in both physics and
manpower.
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Si + A at 15 AeGeV  E802(BNL)
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('High Energy Nuclear Collisions

Central Region at 10-30 A GeV

1) Formation of High Density
2) Production of Multi A States

2%

XBL7911-13276
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Bulletin

Brookhaven National Laboratory July 1990

Volume I, Number 3

1990: Workshop
over July 4t holiday
at BNL

Converged (?) to 7
working groups on
various detector
proposals

Courtesy of W. A. Zajc

Workshop on Experiments and Detectors for RHIC:

Issues and Ideas
Amid July 4 Fireworks

The fourth workshop on experiments and detectors for RHIC was held
at Brookhaven during the first week of July. Beginning on Monday and
winding up at noon on Saturday. A gathering of nearly 200 soon-to-
be users of the RHIC facility for an
and working groups focussed on the preparation of letters of intent for
experiments at RHIC. As announced in the April edition of the RHIC
Bulletin, these Letters are due September 28, 1990, and are the first
step in a sequence of events which will lead to the first round of
experiments for the collider.

At the core of this summer’s workshop was the activity of seven working
groups, each developing its concept for a RHIC detector. In concert with
this activity, the workshop participants also addressed a number of issues
related to the implementation of an experimental pro
Among these issues, the major topics of discussion were
detailed configuration of the collision regions at RHIC, including the
existing experimental halls and machine questions such as possible
luminosity upgrades, and the plans for detector R&D.

The meeting took place amid local celebrations of the Independence
Day holiday, and fireworks lit the skies in surrounding communities as
the workshop participants toiled into the night. Although the week of

(Continued on page 2)

John Harris

Photos by Roger Stoutenburgh

ing their points at from top ... B
MIT; Wit Busza, MIT; Satoshi Ozaki, RHIC Project Head; Shoji
Columbia University; John Harris, Lawrence Berkeley Laboratory.

&

B

S

ob Ledoux

“

hoji Nagamiya
e L




PHZENIX [Signatures of Quark-Gluon PIasmaJ
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Turkey without Tail !
Frank Plasil ASMA/7E !
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PHENIX Detector
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o
Early Days at BNL
(Nick Samios in the middle)
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With Japanese team inverse clock (my BNL office)
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Progress Since November, 1994 April, 1995: Discussions on physics with 50 GeV PS.

June, 1995:

November, 1994: Nuclear Physics Gommittee in Japan (chair: D Both KEK and INS Ec't"el‘f’tg]': é‘:ﬁ'ﬁiﬁf‘}& adopt 50 GeV
M_lIshihara) formed a subcommittee to create a master plan Cost'of JHPA I the South campus of KEK
for nuclear physics in Japan in the 21st Century. - Cost of 50 GeV PS in the North campus of KEK
. ; : 2) Extensive discussions at INS by the community.
Background: 1) \‘Ajllrli:]j S[’;gﬁ’;lsgrl] ?;;lé?)ee\{)tg]r:g l%ﬂg#g}@'&isa) Report of Subcommiittee to the Nuclear Physics Committee.|
s This committee decided that "50 GeV PS" mustbe
and spallation neutron physics since 1986. the central project in nuclear physics in the future.

2) INS movement to Tsukuba area decided. Note: RIKEN RI beam factory could go in parallel.

. . . July, 1995:
December, 1994: KEK-PS Review (Open discussions for the 1) subcommitiee has been expanded into "50 GeV PS Work-

future among high-energy and nuclear physicists). ing Group".
2) Proposal presented to High-Energy Physics Committee.

- Ei imi i _3) First meeting at Monbu-sho to discuss extensively this 50
5: Flgjsl preliminary recommendation by the sub-~/ 5.y, pg Project.

committee on JH

1) JHP#1 should be 3 GeV high-intensity synchrotron.  August, 1995: Town meetings and subgroup meetings.
2) JHP#{JQ Srh?}'jgi#?e plann_e_d g{l the VICInIty of 50 Gev. September, 1995: Presentation and discussions at High-Energy

S% Intsgnsily must exceed that of AGS Physice Commitiee, this 50 GeV PS

. is i ided to support this )
c) Acceleration of protons, heavy-ions and polarized project (as a nuclear physics projecd.
d) Fl)th(ﬁligg?hrgugzigt?ncc}gséi?iﬁgdd 12-GeV PS as muctiovember, 1995:
9 1) Town meetings and subgroup meetings.

as possible. L ) 2) Discussion with Government on the organization of a
e) Spallation isotope beams, PS mini collider, Anti- new Joint Institution between INS and KEK.
proton accumulator ring, etc., should be regarded N

[t i il ag! i it 1995: Internati Workshop on Physics with
as "large experimental facilities". Priorities must = 55°Coy ps (December 14, 15, 16).

be judged by physics merits.
f) All facilities should be in the north campus of KEK Early 1996: Official submission of the Proposal to the

(or, at least, the guarantee to have beams from Govenment for the construction to startin 1997 !!!
South campus to North campus).
g) The entire facility must be open to international oA
user community (need of internationalization). 1995.12.14. @-‘ﬁm""n
... All these were reported to both INS and KEK Directors. TOIDHRELY
March, 1995: JHP#1 was changed to 2.5 GeV synchrotron! J-PARCU)Z&—F 54
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2002 IAC for J-PARC (15t IAC)

Edward Andrew ;
Arthur Taylor Yasuhiko Bernard Yanglai

Fujii Frois  Cho

/ |

¢ YR &

Claude  Hidbdki

e ! Yoji Totsuka John“"\lwx ! Shoji 'Jean-Michel
Petlt:jean Yokomizo Wy Nagamiya Poutissgu
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20055EHBEMDS, — kM Ceremony in August, 2005
SMBDICH T DHBAEM,

for the initiation of the J-PARC Center
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| J-PARC HEERHEBI2AFA (8/10)
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| 3GeV IZT5 kW/pulse E—AH 71 (130 kW equiv.), 50 kW 5| ZHURTH

rM.B_I;I._a_GﬂLP_—AD_BE‘!ﬁEtHW HLIZESh (5/22)
i FE—LFELERT) (5/30)

< {iE (300 kW equiv.), 210 kW BI=H LETh
SaFvE—LRERD (9/26)

— MR I[ZT 30 GeV ANERLL) (12/23)

hiEFEIaA > OERFIARE (12/23)
30 GeV E—L®D/\FAVFE—ILAOTYH L) (1/27)
[KthRIFE—LRERDI (2A)]

[Za—Ry/E—LR %R (4/23)]
(2009/7/6: SERR & XA (ERAREEICT)) 72
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# Tapanese Alphatetical Order
(Direct translation)
Perny wise, doltar feolish.

Standing at th of the
o Tevpq Terikied atbiald

Clear bits 4,8,and 16.
Samurai reler who often says “Not *
Hippie samurai elways slesing in bed.

Busy guy running over the field .

Heo-ray! Hoc-ray! [shouting ta the
n:u:’hom iné’u race] "

Honest guy.

Rare white {from China).

Stapidly big tree standing on the seaside.

’ Ganastar kid and trouble maker.

P.%gl: bulbs g are ore for his house.
- w v

Wiling s take over diffcty, bt full s

Saclay  Rare hand-worker, temporarilyin the US.

Sacey  Too much discsssion does nct help yon. 7

LBL
INS
LsL
L8L
LBL
INS

i

i ﬁ 4\ I NS (Hiddew) supperter From under-the-bridge. 83

Shoji Nagamiya
OHP

QaMm'al

Heavy - Ion Accelerators + Experimerts

with

hand

written
trans-
arency

BNL
First beam-- 5 yearsago (IS A GeV)
¢ E802 (particle spectra+ correlations + calorimetry)
L EB59 (HBT KK correlation + K'spectra) —> E866
E81O (V-particle by TPC at MPS)
E8(4 (forward spectra + 4 calorimetry)
E858 (anti matrer search)

* Ay beams in 1992

M’91 at Oak Rid
Q91 at Oak Ridge «RHIC (100AGeV U collider) in 1397-8!
RHIC in 1997-98 =4

LHC in 2000

o First beam---~5 yearsago ( 200 AGeV )
© NA34 (largeangle spectra + 47 calorimetry)
NA343 (piyr pairs)
NA44 (HBT KK correlation)
NA4S (e'e” pairs)
NA3S (streamer chamber + calorimetry)
NA36 (TPC)
NA38 (i Cepiji ji) paies + calorimetry)
WAB80 (photon detectors + calorimetry + plastic ball )>WA33
icle by S2 spectrometer)
* Pb beams in |

s LHC (3.2 ATeV Pbcollider)
84
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PHENIX e-1o
Dimuon
TALES
(Ma]or Events for the Collaboratio /SPARHE
1991 RE2: Sam Aronson (spokesperson)
Sept.: Creation of RE2. PHEONIX: Photon, Hadron, Electron
1992 muOn Nucl. lon eXperiment ???
Mar.: PHENIX Organization + Insti lished. Shoji Nagamiya: Appointed as

June: pCDR (260 pages) published. +— This was
Aug.: First TAC Review on PHENIX.

PHENIX spokesperson.
1-wk PHENIX Workshop atBNL. @ Dig task P P

Sept.: PHENIX Newsletter started. (100K$/page) The most difficult time for me!
Qct:: Collaboration meeting atSanta Fe. ' —" I tried to explain to the collaboration
i to install muon arm(s) soon by
1993 finding additional money.

Turkey W|thout Tail!

Frank Plasil yelled!
It was just before
the Thanksgiving
holidays

Feb.: CDR (473 pages) published.
.. partial funding started.

Apr.: Day-1 shifted from '97 to '99.
June: Muon arm review by TAC.
Collaboration meeting at Lund.
Aug.: PHENIX Workshop at BNL.
Oct.: Collaboration meeting at San Ramon.
Nov.: CDR Updates published.
TAC Review on Cost and Schedule

Dec.:_RIKEN proposal on Spin was finalized.
1994

From 1993: Effort to fund muon

: arms started. Approach to RIKEN
o L o S T + Approach to AEE from DOE.
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L R
32 AV BHE A
E:#?@E%i/&/ PH%ENIX
Detector in Japanese,
in particular, for RIKEN

Serious effort in obtaining
outside funds initiated.

satoRasits W

WNFSEN- KA
BRI ‘

DR RERGIR S
(BE@AIX)

arpunmHE Ny
LTRSS
aATHAE

Detector in Chinese (Taiwan)

PHENIX #28

RATHHSR

4

SEENIX

HFBEN -
R RN IR

URNFEBE

PHEFTRIARIRM S
¥ R =

PREFHEH

—~—
LTS EHEEENIX

Detector in Chinese (Beijing) -




Collaboration Mtg ‘94
BNL

=

Soren Donna Johanna Shoji  Maflette
Sorensen Early .Stachel Nagamiya Faulkner  Gavin ._Aronson

-
PHEENIX
4 2. Muon Arm South (RIKEN)
i (Funding for Muon Arms ) JFY95 JFY96 JFY97 JFY98 JFY99
1. Muon Arm North (AEE) Enase; $1.5M glghM/I ggm e~
N ase i o 8
[BNiS propcsar e ARE) Phase 3 $1.0M $5.0M $4.0M
FY95/96 FY97 FY98 FY99 FY00 FYO1 Total 20 M$
STAR | VT 145 200 1.50 1.05 . incl. Siberian
EMCal 030 0.60 1.20 215 250 1.75 RIKEN Funds for Spin  5,,5xe5 & rotators
Muon-N 075 265 3.00 250 250 11.4[M$ Plan in J , 1995
PHENIX | pioh ot 025 0.30 030 1.00 1.9|M$ o Plg: ;o‘:nuary
RCF RCF 0.10 0.70 2.00 5.10 A e
Total 260 6.20 8.00 11.10 6.00 1.75 8 T
I
65 1
AEE Funds for Muon North & :
1
PHENIX Proposal in January, 1995 a0,
M$/year = Ludlam's Proposal 4 1 l_m_
0
4 2
_#L 15
2 1 0 I Year
CY95 CY96 CY97 CY98 CY99 CY00 CYO1
+ Year ?
CY95 CY96 CY97 CY98 CY99 CY00 CYO1 Newi Physics Run
1 -~ f = 1. Significant delay for Siberian snakes and spin rotators.
Now ysice o 2. No contingencies included. Also, $1 > 100 Yen.
90
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J-PARC

Old Days:
Proton = i

Recent Questions:

u

quark

u

:d

wp)/ wn)=-3/2=-1.5
(Exp: -1.46)

PW{NIX

* Always compare

pé * a)p

Polarization of the Nucleon NN INNNN B Spin Physics at RHIC j@ @O0

p!

E <250 GeV
pt

5+,

u
u
: k.ié d or :iuis_ or Orbital and measure asymmetry (to study the angular
:d W9, el u $5 anisotropy.
/ ;d * Polarization can be longitudinal or transverse.
gluon * Single spin asymmetry (e.g., p’ + p or p' + A)

can also be studied.

Typical Examples

¢ gluon + gluon — jet + jet
¢ gluon + quark — high-energy y <

 quark + anti-quark — u*u” (Drell-Yan) <
— W= —e*(oru*)+v<=
—Z0 - ptu" =?

Spin physics came in.

91

I D N N T mon
The first event at PHENIX

Run #4378
Event 1989
June 15th,2000
06:26h

The first event at STAR
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New 50 GeV PS at INS/KEK in Japan

as an International Facility in Nuclear Physics

1. General Scope

a) Energy: 50 GeV (for protons), Current: 10 yA.

b) Physics with 50 GeV Synchrotron
Nuclear physics with high-intensity kaons and pions. Kaon
rare decay experiments. High-density matter physics with
20-25 AGeV heavy-ion beams. Neutrino oscillation experi-
ment. Hadron spectroscopy. Atomic physics with p beams.

¢) Physics with 3 GeV Booster (200 pA)
Muon physics. Nuclear physics with low-energy radioactive
beams by accelrating target fragments. Condensed matter
physics with 0.6 MW spallation neutron source.

2. Project Plan
a) This project is endorsed by the Japanese nuclear physics
community as its central project.
b) Construction: Expected to start in 1997-8. The goal of the
first beams is in 2002-3.
¢) INS, U. Tokyo, will move to Tsukuba area at around the
time when the project starts.

o A
3. International Facility 199%;;2\%52??“
a) Starting Assumption: Basic facility will be covered by Japan,
) while the usagepof the facility is tn¥|y “International”. » J-PARCDOR&—h

b) Project Brochure in English: To be cretaed soon.
¢) International Advisory Board, International PAC, etc.

d) Plan to have extensive international discussions on all issues,
including international experimental teams, beam-line require-
ment, administration, etc. 93
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The PHENIX Has Risen: Second Major RHIC Ex)
2= T e

== | i . PHENIX

Following a successful two-day re- .
view of the cost and schedule proposed
for the Pioneering High Energy
Nuclear Interaction Experiment, the

neering
detector known for short as PHENIX ment: frc
was approved on March 10 as the Managel
second major experiment for BNL’s man, Co
Relativistic Heavy Ion Collider (RHIC). Project
In the search for quark-gluon Sam Aro
plasma at RHIC, PHENIX will be com- and Leo
peting with STAR, which is short for port to tl
the Solenoidal Tracker at RHIC and up of 12
which was approved in January 1993. which is
Despite nearly a year’s lead time for or two. I
STAR, both detectors are expected to twice a
be ready to “do RHIC physics on the meeting
day the machine turns on in 1999,”
says Thomas Ludlam, RHIC Associ-
ate Head for Detectors & Experiments.
“By the nature of the physics we Ehotoe i
will be investigating, our detector is Stontent
very complex, but we now understand

how to build it within budget and on

time,” comments Shoji Nagamiya,
PHENIX Spokesman and a professor
of physics at Columbia University.
In giving its approval to PHENIX,
“The Technical Advisory Committee
[TAC] was quite satisfied that all the

ule estimate to Ludlam’s TAC last
November. At that time, however, the
committee gave the experimenters five
more months to reduce the cost of
their detector by $4.5 million.
“Instead of turning off any of the

budget, scheduling and
questions that were raised last No-
vember have been answered,” contin-

major suk , we tigh d eve-
rything, especially the electronics and
data-acquisition system,” comments

physics that RHIC can deliv
day one until the machine re:
design intensity. To go beyonc
is expected, we will have to fi
additional fundstoinstall the
components.”

While some $36.7 millior
available from RHIC cons
funds to build PHENIX, the ac
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Proposed Time Profile

(By the Working Group)

1995 Entire Project Proposal
1996 Submission of the Proposal to the Government
1997 Construction Start

INS Movement to Tsukuba area
1998
1999 Neutrino Oscillation Experiment at 12 GeV PS
2000
2001 3 GeV Ring Installation into the 12 GeV Tunnel
2002 50 GeV Ring completion, First Beam

1995.12.14. BEHAHEL
TOIDRERLY
J-PARCOR%—F

!

50 GeV Project
Construction

?

Neutrino Experimeni

EIBICOptimistic
Scenario
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