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Nuclear Physics
at Univ. of Tsukuba

e Two Major Activities:
e Nucleosynthesis at Tandem & RIBF
e Quark Gluon Plasma at RHIC & LHC

Yasuo MIAKE, Univ. of Tsukuba
Yasuo MIAKE, October, 2010, ISNPA EMﬁEB\ ﬁi&Xﬁ
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Nuclear Physics and

- History of Universe |7, -

4 Quark-Gluon Plasma in early universe

4 Nucleosynthesis right after the big bang or in a
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Tandem van de Graaf (12MV)
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' . e Detector R&D
= v Analysis Tools
ey _
rzz= e Elementary analysis
\_ Rp— = Accelerator Mass Spectr.
LZIE—H ’TP\L\ 2 D o Hydrogen analysis
EHEE

= Elastic Recoil Coinc. Spectr.
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Accelerator Mass Spectrometer %ﬁ%
using Tandem VDG (D)
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Rare Rl Ring
Project

Vv Precision measurement of mass of
rare isotope using isochronous

storage ring

[ Rl beam )
v

Vv Study of Rapid process of
Nucleosynthesis

e Design works, simulations and
detector R&D in progress

Yasuo MIAKE, October, 2010, ISNPA
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RHIC(200GeV)
I since 2000

LHC(5.6TeV)
soon

v Physics of QCD in extreme

quark-gluon-plasma
T, o and small x

T, p high

v 'Nucleus-Nucleus collisions

Yasuo MIAKE, October, 2010, ISNPA 7



EQGP ™~ 2 [GeV/fmS]
€EQGP 2GeV

< = > v ~ ~
Ma.a < mr > 0.4GeV
1
Ag =
’nO'qq
L 05 [m)
~Y p— . 111
bx04

)\q < Rsystem

e Strongly interacting QGP

e Statistical nature & space/time evolution of collisions
well established

= Hadro-chemical equilibrium (T, u«)
= Kinematical equilibrium (T, 8)

= Universal pt&azimuthal distributions of quarks

(Quark coalescence model)
Yasuo MIAKE, October, 2010, ISNPA 8



EQGP ™~ 2 [GeV/fmS]
€EQGP 2GeV
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1
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e Strongly interacting QGP
e Statistical nature & space/time evolution of collisions

well established & ob
= Hadro-chemical equilibrium (T, 2 <O
adro-chemical equilibrium (T, «) S

= Kinematical equilibrium (T, 8)

$
= Universal pt&azimuthal distributions of quarks 90 \006‘\

(Quark coalescence model) 4‘0
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What we learned at RHIC  °3 -
o g
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= Universal pt&azimuthal distributions of quarks 90\00’{9\

(Quark coalescence model) 4‘0
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What we learned at RHIC °3 -
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e Strongly interacting QGP
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What we learned at RHIC =2~
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Big surprise! “Jet Quench” - &

v Two quarks suffer a hard
scattering in AA collision

e One goes out to vacuum
creating Jet,

e but the other goes
through the QGP suffering
energy loss due to gluon

v ' Manifestation:

e attenuation/
disappearance of jet
. o e suppression of high pt

Jet aquenching iIn nucleus- hadrons
nucleus collision.

e modification of jet frag.

Yasuo MIAKE, October, 2010, ISNPA 9



near siae

Modification of
back-to-back corr.
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away side Star; P.R.L. 91, 72304 (2003)

?:Ttr-g 4~6 GeV/c X prassec) 2 GeV/c

e d+Au FTPC AuO 20%

Sspan

— p+p min. bias

* Au+Au Central

| | | | | | | | | | l

pedestal and ﬂow |

| 1
1 SUDU’%:[CG 1

V' Direct evidence of
loss of ‘jet’

v Azimuthal
correlation w.r.t. high
pt leading particle

(trigger).
pp ; clean di-jet
dAu; similar to pp

Au+Au; Similar on the
same side (suggesting
jet-like mechanism), but b-
to-b disappeared

Effect is not in initial
but in final stage

Energy loss of partons
iIn dense matter
created in Au+Au

10
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Suppression of high pt
particles 1

E d’n/dp’ (¢’ GeV™)

Nuclear
Modification & ”hot /dense QCDmedium” dnaa /dprdy
AA = —
7QCD vacuum” (Nbinary) - dnpp/dpTdy
Factor
. 00 GeN A A o ' PHENIX Au+Au (central collisions):
1 ' A ' o Direct y
: ® 200 GeV Au-Au, Peniph m& 2 0 Preliminary
0 -1 i . Bl T, scaledp-p 10 = a M
- GLV parton energy loss (dN°/dy = 1100)
10" ) Scaled pp B _,.
R . spectrz e
10 . O
, \S (Jj= TEEEEY SUAL L LECEREELE By OECE ool E Rt SERCRTSELTELES TICTETITTETLITTELIELECLILLLREY
10" Central - |
10" B | "]l‘ ’
| : L
| Peripher iy | + 0.2
-1 )
107}
10'0 4 (’AAAé‘ 10 _111;1;-;-1111111111-,1-;-;11,11111'.1.-*.-1.
p; (GeV/c) 0 2 4 6 8 10 12 14 16 18 20

p; (GeV/c)
v Pions are suppressed, direct photons are not

Yasuo MIAKE, October, 2010, ISNPA 11



near side

Change of shape

[ ) [ )
in the away-side f
e
7l Waway side e = 3~4 GeV/c X prassee
X - _PHENIX, arXiv:0705.3238 [nucl-ex]
0.4-(a) 3-4®0.4-1 GeV/c _(b) 3-4 ® 1-2 GeV/c ]
F —o— AU + Au 0-20%

oo —o—p+p

v From broad/none to dlstmct two shoulders at
AD=xx1 with decreasing momentum

e Discussed in terms of Mach Cone, Cherenkov Em.

Yasuo MIAKE, October, 2010, ISNPA 12



Jet auench as a N,
homework to LHC i

V.S. Pantuev, arXivihep-ph/0701.1882v 1
Y'Is it indeed a Mach cone?

AuAu, cent=10-15%

g10f 4.5 . .
= o B YWhat is "ridge"?
- Trigger Jet| 4
. Mach
SE T . vV Jets at RHIC are too low.
4E_ e . # “ridge”
i i o Effects are 1-3 GeV
- 2.5 .
oF | regions where many QCD
E 12
2 backgrounds
aF ; 1.5
o ongna e 4 Y Jet Quench as a
I irection o
87 stoppedjet Mach cone FO-E homework to LHC
A SRR NETE FETE FTNE FETE AN PR e FETe e o . .
M08 64 2 0 2 4 6 Py e CMS@LHC claims ridge

structure in high mult. pp.

Yasuo MIAKE, October, 2010, ISNPA 13



RAIC vs LHC

10’ : :
—— (h'+h )2, 5 = 5500 GeV
!: == p, 8" = 5500 G¥ !
1 02 —— (h+h)2,8 =200GeV "
——— P, s =200G¥
RHIC LHC —_— 4 e (W' +h )2, 8" = 17 GeV !
‘”% 10 -== p’8%=17GeV
O LO pQCD by |. Vitev,
7 sw(GeV) | 200 | 5500 s o+ B\ ™ |
T/Te 1.9 |3.0-4.2 < u i
> 10° F . i
O <k, > = 1.8 GeV
£ (GeV/fm3) S 15-60 8 Q'=p’
107 f
T aap (Fm/c) 2-4 >10 F -
1012 M 3y & o _J & ~“~_
| 0 50 100 150
| p, [GeV]

v Home work to the LHC, physics of jet quench

= |_HC has superior advantage in hard probes
Yasuo MIAKE, October, 2010, ISNPA 14



Energy loss in QED

Energy loss of charged particle in a matter

ut on Cu

—

-

o
|

Bethe-Bloch

J T TTTTI

(Y
o
|

Radiative
Minimum effects
ionization reach 1%

Stopping power [MeV cm?/g]
I

Nuclear
| losses N0 | _|le-====T __ a
¢ Without o
1 | | | | |
0.001 0.01 0.1 1 10 100 1000 104 10° 106
By
| | | | | | | | | |
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Muon momentum

Collisional
v Bethe-Bloch

Radiative
v Bethe-Heitler
(thin; L<KA)
v Landau-
Pomeranchuk-
Migdal
(thick; L>>A)

v ' Measurements of dE/dx gives prop. of matter

e Energy loss in QED plasma gives T & mo info.

Yasuo MIAKE, October, 2010, ISNPA
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Energy Loss in QCD

E E-AE

AE o o
+ Collisional

E ¥ AE
' Radiative
E-AE

X
(medium)

v Many theories on
e Collisional loss

e Radiative loss

= Bethe-Heitler regime
=__PM regime

= “dead-cone” effect
Yasuo MIAKE, October, 2010, ISNPA
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(Executive) Summary

Radiative loss is dominant
Effects are;

- suppression of high pt hadron
- unbalanced back-to back
- modification of jet fragmentation

softer, larger multiplicity,
angular broadening

AEVgluom > AE’qua]c‘k > AE’Cha,lrm > AEvbottom 16




Probes for the study

. ?ZZ 0
"
% % e
VZZZZ ;\ | "
%* \ '’ r J
\ 4\\ 3‘2’\ —
.
/\\ -
v Quark Jet V' Mostly Gluon Jet V' Clean x© trig
v Small Xsection V Larger Xsection v Large Xsection
v Experimentally VInterpretation v Important for
challenging iIs complicated DCal

Systematic meas. of these processes for model
comparison provides at high precision level.

Yasuo MIAKE, October, 2010, ISNPA 17



DiJet Calorimeter@ALICE
initiated by Tsukuba-Wuhan

v For better performance

of back-to back capability

= Define back-to back jets
= Trigger back-to back jets

v Progress
e Proposed in Feb.,09

e Discussed w. IN2P3 in May,
09

, 1+ e Discussed in March,09
= DiJet Calorimeter e Proposal in May, 09

e Partial approval in July, 09

e Full approval by ALICE iIn
Oct. 09

v Construction started ! 8




DiJet Calorimeter now with  .i.
Japan-China-France-italy-USA "¢

P ,»’

e i i W N L N W W

e
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‘Asf‘embfd in Japani

w _lkaly - ; i .

g Ouet
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| - :,3’

i
Cal assemb&%?—ﬁ

&p . APD tested in Italy
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Qur works at Tsukuba & _ /
Catania

J
2010

2011
2012 Consoldidation, splices to 7 TeV

2013 7 TeV consoldation and training recom |

2014

2015 Collimation phase 2, LINAC4
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Summary P

GENERAL MEMORAND ACADEMIC EXCHANGE AND COOPERATION W | . k t | | b t °
GRADU OOL ogﬁ%lﬂﬁlfm APPLIED SCIENCES, | J e ' e o co a o ra e ' n
@ RSITY 0}: 1ET‘IS)UKUBA, JAPAN
COLLEGE @ NCES, YONSEI UNIVERSITY, THE REPUBLIC OF KOREA B F d /
R Rt Tandem, RI and/or

The Grad
of Scie
here

ol of Pure and Applied Sciences of the University of Tsukuba, Japan and the College

onsei University, the Republic of Korea, hereinafter referred to as "the two parties”,
to foster academic exchange and cooperation between the two parties. ®
o parties shall encourage the following activities in the field of natural sciences and related

%
* 1ds:
(1) Exchange of professors and researchers; ' ®
(2) Exchange of praduate students; J Let us Sta rt w ' th an
(3) Collaborative research and scientific meetings; and

(4) Exchange of scientific materials, publications and information. a g ree m e n t betwee n

2. The aforementioned activities shall be realized by means of consultation and the exchange of
information between the two parties.

3. This Agreement shall become effective immediately upon being signed by the official representatives ° b b
of the two parties and shall remain valid for a period of five (5) years. This Agreement may be n 've rS| 'es ®
renewed for a further period of five (5) years by mutual agreement prior to the date of expiry.

4. This Agreement may be amended by the two parties by mutual agreement.

5. This Agreement is made in English, which is the authentic text. °
e pure academic

Date: October 1, 2005 Date: October 1, 2005

® NO Money Issue
Prof. Hiroshi Mizubayashi Prof. Young Min Kim ® NO Obllgatlcn

Provost Dean

Graduate School of Pure and College of Sciences °

ApoiedSencs Yonssi Universty = still useful to start up
University of Tsukuba
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What we expect;

Reach of Jet Energy
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v For 104 events/year in Pb+Pb@5.5TeV,

e Inclusive jet up to 200 GeV
e Di-rJet to 100 GeV

Yasuo MIAKE, October, 2010, ISNPA
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Good textbook on QGP!

CAMBRIDGE ‘ Catalogue

Home > Catalogue > Quark-Gluon Plasma

Quark-Gluon Plasma

Series: Cambridge Monographs on Particle Physics, Nucl

Kohsuke Yagi
Urawa University, Japan

Tetsuo Hatsuda
University of Tokyo

Yasuo Miake
University of Tsukuba, Japan

Hardback (ISBN-10: 0521561086 | ISBN-13: 9780521561(

For price and ordering options, inspection copy requests, and re:
UK, Europe, Middle East and Africa | Americas | Australia and Ne¢
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