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TCHoU 活動概要 (1)

構成員会議/成果報告会
2018年度第１回構成員会議・成果報告会：2018/6/4 （報告・講演：11） 
2018年度第２回構成員会議・成果報告会：2018/11/22

運営協議会
委員：新井康夫教授(KEK)、小林秀行教授(NAOJ副台長)、梅村雅之教授(CCSセンター長)、
櫻井鉄也教授(C-AIRセンター長)、斎藤教授(PAS系長)、運営委員会委員 
2018年度第１回運営協議会：2018/2/5

運営委員会
オブザーバー：小澤教授 
2018/4/10, 5/14, 6/11, 7/9, 9/10, 10/9, 11/12,   [12/10, 1/15, 2/12, 3/11 予定]

2018年度 人事異動
中井直正教授：2017年度末に関西学院大学に転出 
　＝＞　久野成夫教授が南極天文研究部門長就任 
中井教授：2018/7/1付けCA教授着任 
大川英希助教：国際TT助教 => 2018/4/1テニュア助教着任 
Oliver Busch 助教：国際TT助教 => テニュア助教着任直前の2018/3に死去 
Nobert Novitzky 助教：2018/6/1着任 （ユトレヒト ユニット副PI） 
渡辺陽介 研究員（クォーク・核物質研究部門）：2018/5/31 退職



TCHoU 活動概要 (2)

一般向け広報活動

2018/7/27　 
飯田佑輔（関西学院大学）太陽ダイナモ問題 
中野佑樹（東大宇宙線研）太陽ニュートリノ 

2018/11/15  Yi Wang (Tsinghua Univ.) MRPC 
2018/12/10 Jinfeng Liao (Indiana Univ.)  
2018/12/14 音野瑛俊（九大）FASER

宇宙史セミナー

TGSW2018 : 2018/9/21 @ EPOCHAL 

TCHoU workshop : 2019/2/4 @ CCS

2018/4/21　科学技術週間展示 
来場者数：延350（内、青少年175） 

2018/11/3-4　筑波大学学園祭「雙峰祭」研究紹介 
来場者数：延720

研究集会

講演：11 
参加者数：54（海外から13） 
Satellite meetings (Grenoble 
との協力体制の構築に向けて)
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素粒子構造研究部門（１）
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クォーク・核物質研究部門（１）
Quark Gluon Plasma の研究

Quark Gluon Plasma

ALICE experiment
• Jets, correlations and energy loss in QGP
• Heavy Flavor in small system
STAR experiment
• Fluctuation and Beam energy scan
• Collective Flow and Equation of State
• HBT and space-time geometry/shape
• Vortical, Chiral magnetic field
Detector developments
• Forward Calorimeter (Focal) for ALICE upgrade
• Multi-gap Resistive Plate Chamber (MRPC)
• MWPC for future high rate experiment
• Neutron counter for dense nuclear matter

ALICE experimentSTAR experiment

MRPC
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クォーク・核物質研究部門（３）
格子QCDの研究

グラジエント・フロー法によるQCD熱力学
グラジエント・フロー法 = 作用の勾配に従って場を変形（フロー） 

フローさせた場は、紫外発散が無いなどの良い性質を持つ。
t = 0

t
Bµ(t,x)

Aµ(x)

元の場の理論

フロー ≈ 平滑化

動的クォークを含む 2+1フレーバーQCDの熱力学に応用し、ブレークスルーを目指す。

1st step: QCD with heavy ud quarks

PRD96, 014509 (’17); D95, 054502 (’17)

今年度

格子間隔依存性の検証

2nd step:  QCD @ physical point

今年度

低温領域への研究拡大
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FIG. 11. The entropy density (ϵ + p)/T 4 as a function of temperature (MeV). Black circles are

results at β = 2.05 including all the systematic errors. Red up and blue down traiangles are results

at β = 1.90 with liner fit and non-linear fit error is the statistical only.
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TABLE XI. Entropy density (ϵ + p)/T 4: coefficient of the nonlinear fit within the linear window

and χ2/DOF.

T const linear 1/t t2 χ2/DOF

549 9.494(36) −2.282(52) 5.7875(92) 0.000000(0.000000) 925.2(3.8)

439 24.207(84) −11.540(58) 2.138(16) 0.000000(0.000000) 0.161(11)

366 26.70(10) −10.20(11) 0.000000(0.000000) 1.300(38) 0.01099(49)

314 22.04(22) −5.07(19) 0.000000(0.000000) 1.019(57) 0.00403(27)

274 19.88(17) −4.79(15) 0.000000(0.000000) 1.999(50) 0.00306(26)

244 18.05(22) −4.80(22) 0.000000(0.000000) 2.421(80) 0.000170(60)

219 15.99(31) −4.89(33) 0.000000(0.000000) 2.54(11) 0.000213(81)

200 15.02(38) −4.89(43) 0.000000(0.000000) 2.41(15) 0.00021(10)

183 11.76(56) −3.85(53) 0.000000(0.000000) 1.95(19) 0.000082(50)

169 10.4(1.0) −6.16(82) 0.000000(0.000000) 2.99(24) 0.00201(22)

157 10.10(91) −6.10(79) 0.000000(0.000000) 2.76(24) 0.00246(31)

137 3.4(1.4) −1.8(1.4) 0.000000(0.000000) 1.09(43) 0.00085(25)
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FIG. 15. Entropy density (ϵ+ p)/T 4 as a function of temperature. Errors include both statistical

and systematic errors.
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TABLE XV. The trace anomaly (ϵ − 3p)/T 4: coefficient of the nonlinear fit within the linear

window and χ2/DOF.

T const linear 1/t t2 χ2/DOF

549 6.642(71) 17.701(94) −2.145(23) 0.000000(0.000000) 58.6(1.2)

439 −2.87(12) 16.47(12) 0.000000(0.000000) 0.000000(0.000000) 15.4(1.4)

366 −5.60(12) 12.233(52) 1.646(64) 0.000000(0.000000) 0.01194(93)

314 1.43(75) −0.31(56) 0.92(36) 3.64(15) 0.0000167(16)

274 8.15(63) −6.41(70) 0.000000(0.000000) 4.20(24) 0.00015(11)

244 9.4(1.0) −6.0(1.1) 0.00(12) 3.04(38) 0.0000031(43)

219 7.2(1.6) −2.9(1.2) 3.09(66) 1.68(33) 0.00000190(39)

200 6.1(1.9) −0.5(1.4) 3.46(85) 0.85(38) 0.00000131(28)

183 10.5(3.1) −2.3(2.2) 3.0(1.4) 1.12(62) 0.00000058(18)

169 23.1(4.0) −13.8(3.7) 0.000000(0.000000) 4.7(1.1) 0.000089(49)

157 23.6(8.8) −13.1(6.9) 0.000000(0.000000) 4.2(2.0) 0.000002(18)

137 18.3(5.0) −8.3(4.5) 0.000000(0.000000) 2.4(1.4) 0.000019(19)
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FIG. 19. The trace anomaly (ϵ−3p)/T 4 as a function of temperature. Errors include both statistical

and systematic errors.
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FIG. 14. The trace anomaly (ϵ − 3p)/T 4 as a function of temperature (MeV). Black circles are

results at β = 2.05 including all the systematic errors. Red up and blue down traiangles are results

at β = 1.90 with liner fit and non-linear fit error is the statistical only.
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Figure 5. Left: Time history of the Polyakov loop obtained on our finite temperature lattices at the physical
point. In the top and middle panels, the histories of Nt = 4 and 5 simulations are shown, respectively. In the
panel at the bottom, the histories at Nt = 6, 7, · · · , 14 are shown from top to bottom. The horizontal axis is the
trajectory length in MD time units. Middle: Preliminary fit results of the entropy density as functions of the flow
time on Nt = 12 lattice at the physical point. Right: The same as the middle panel but for the trace anomaly.
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Figure 6. Preliminary results for the entropy density and trace anomaly in physical point QCD as functions
of temperature. Errors include both statistical and systematic errors. Data at T >∼ 247 MeV (Nt ≤ 8) would be
contaminated by the O

(
(aT )2

)
= O
(
1/N2

t

)
lattice artifacts.

Our preliminary results of EOS extrapolated to t = 0 are shown in Fig. 6. From our experience
in the heavy QCD, data at T >∼ 247 MeV would be contaminated by the O

(
(aT )2

)
= O
(
1/N2

t

)
lattice

artifacts on Nt ≤ 8 lattices. We find that the entropy density is well consistent with the results of
staggered quarks at the physical point in the continuum limit [26, 27], while the central values for the
interaction measure are several times larger than those of the staggered quarks though our errors are
still large.

Our preliminary results for the chiral condensates are given in Fig. 7. We find that, while the
behavior of the strange quark condensate is similar to the case of heavy QCD shown in the left panel
of Fig. 4 and suggesting a crossover around 130-150 MeV, the light quark condensate shows a much
sharper crossover/transition there. Our preliminary results for their disconnected chiral condensates
suggest that the peak locates at T <∼ 169 MeV. This is consistent with the results of the staggered
quarks [26, 27].

6

EPJ Web of Conferences 175, 07023 (2018) https://doi.org/10.1051/epjconf/201817507023
Lattice 2017

Further thermodynamics:  transport coeffs. of QGP  粘性係数etc. 進行中
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���L 東北大ELPHテストビーム実験を行う
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