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Nature and phase structure of quark matter at finite temperature and density
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We investigate thermodynamic properties of quark matter by a systematic
study of finite temperature QCD with (2+1) flavors of improved Wilson quarks applying the Suzuki
method based on the gradient flow. As the first step, we studied the case of heavy u and d quarks on

a fine lattice. We found that the the energy-momentum tensor is consistent with our previous
evaluation of the equation of state adopting a conventional method, and that the chiral condensate
and the chiral susceptibility show a clear signal of chiral restoration at pseudocritical
temperature suggested by previous observations. We also find that the results of the gluonic
definition for the topological susceptibility are consistent with those of the fermionic definition
already on finite lattices. Extending the study to QCD with physical u and d quarks, we got
preliminary results suggesting the transition temperature consistent with previous studies with
staggered-type quarks. We also studied viscosities etc.



B X C—19, F-19—1, Z—19, CK—19 (G|

1. WFERHMR S YO 5

7 F— 7 3EE . BT T REDOARa IO LN TWAR, F1IKEL EoiES
ECIHETHLT, 24— « ZFr « 75 X< (QGPIRHEE L METI D, ANFER O THRER L
22 EDRVEORICEEBT S EE 2 BN TS, QGP OME DK% 2 gL, IHFH o
WEHEALCHVE AR A T = X L DFFI~DOEE/R AT » 7T Th b, TOEBROMIAEIZIAT TR
R SEER DV DAIZHEED STV B A, KRBT L E DR 1 % & e M7 B A A 18752
FERT — & D QGP AR O W/ RE L & Z OE IR A 5| E 372Dz, #7 QCD 2 &
% QCD B —JFHN L OHERFHENRAI R TH S, FiZ, QCD DS IZRBW T, 1 AR
DOEFOEER RN E ZIZH DL, EA A UEHREROMREZ 0425 ETERNZERTH S,
L L. M O2EAEE S RIZICHETE L TE 5T, 1 QCD OfRICBE L THREESR
BEEIN TV,

HIRIREE « AIREEE O QCD BFZEIL, BEICITWY +— 7 EETIE., FHENRAR R o T
— RT3 — 7 AW RIZE LAMThIL TV, Lzl AZ v H— R 3 — 27203,
HEROXFRED QCD L3 S TW5A | BRERAIERATC /2 5, HReRIE O FAEDRAE S LTV 720
72 E ORMER O JFER e RN B 5, BIRIBE « HIREE O TlL, 2= =%V F 1 —R
=0 TNEETHY, AX v H— FRIRAT 3 —7 O 26 OREITIRL LM% 20T
Wb, AN Y =723 ) LI JRERAREN NN, 7 A vy R — 7 fERIC K
LB T ETOHA FIVRED S 2 UK LT, A T AEER &0 &oFEhIC
BHETR D ZAHANEREN, THETIZEAEEABTIIR -7,

2. e BEM

ZOMFEOHBNE, TA N BRI 37— 7 ATz QCD ICR W T, ARSI RE TR
OHREORVHAFEZRAB L, TNUCEY, BIEDO 7 +— 7 BRBIZHEVAT, AMREE 7 +—
I WE DSV FHIRE AT 5 2 & Th D, JREMRENENT A LY VY — 7 DfER
AR — R 3 — 7 OFER LT 52 LIk, BICk D RMEEAEE X0 B ICER
THZENTEDLLIITRD,

3. WFFED Ik

KT BTl A s R E S PRI EE S T WA 72D, TRV X —EE & T L A Wikt
MM EOBRIES LU R E LTERETE 2V, ZHUWCEK LT, B+ QCD 1T X A= R/LF—1E
BET VI VORHMIIZIE, S FEOEE T OIEA WM AL LIRA & IR RO 22 T
UL B & ) BEERRY - BUEM 72 REENFE L TV 5, AIFZEIE. Z OIEEEERMe< D 2
HORREIZBE LT, 77 v=y b7 a—(@i %2 WV CTIRAR 72 fgik 2% 5, Liischer 52X
DVIBEENT-7 TV b 70— 3KF EOWHEHFEICHA REHRE L6 L TWDHA,
(2, EFERFFEE THDHMAMLICL D . ZHE TR TORHERERICKE RINEENE- T
£k % 721 PR 5 O FEAREER AT BT L W FIED IR I LT,

ZOHEF. TANY RS 3 — TR X D I A T IVFED B 2L IR 4 B IR
LENTHD EEBEZ DI, A TNEESCIHEZ RS, ZETYA VY MY +— 7 Tl
FH EFRERETH - ok x PR EOFMIC B - R AlEEZ VT D, FxidsmAs o
FiEEMR D CEN Y +— 27 %2&1 QCD v 2 b —a VICKRHEICEHA LT, 7 +—7
W DBV FRE A Uiz, Fio, WATL T, HEEREOZERBZENTA NV VY — 7
DY 2lb—a rEBTTH0IC, xR TERE L HED -,

BIIERE LT, BUANVY UMY 4 — 7 EHEL D ZHBHC L DB 21T oAk
—EHOMAEDLEEZ RV, 7 4 —27 O O(a)ck BAREIL. FEEERAICEEAM U724 v 7=,

4. WFgEEk R
(1) Gradient flow & HW/-ARIRJE (2+1) —flavor QCD OIF%E (1) : Z +— 7 BEWVEES

7 +—2 %50 QCD 2 2 L—a U TORMD I TV h7n—iHE LT, s 7
F— 7 EEITBFEOMEITEND u,d 7 A — 7 IFBLEI D HY (md/mp—~0.63) HE 12, =R /LX—
HENET VR E ORI & FEAT U, Box NEATHRIE TR LI e T bREE VT
FRIFEA a ~0.07fm D 1 T, T ~174-697MeV DIRFEZHFFE LT-, EER FEREICXL Y, B
FOX v il @k RN 2 v U R 2 B L 7P IRE & 72 D, T OBFFETIX, CP-
PACS/JLQCD Collaboration 234 % L7z ¥ miREENLD > B, u,d 7 +— 7 Dbk < . T HkE
BEB/NSIWEFOHL DA LT,

B ICHREESF R (2R VX —E ¢ LR p) OFERERT, RN, /7P h7r—
ETHEAE LI VX —#H 3 &7 v VLV OX AR GRl L7258 T B =A%, W CEANL B
THEEO TEDEEZRHOCCREFEEZFME LEERTH L, /7Y v —Eickb,
BEFRD FFHETHER SN TO T IEEEGGN X — 2 BB OEREZME > = &7 <, REEHEZE
PEHMET 2 Z ERAEETH S, T<300 MeV GRESN S M O A X N, > 8) THEHRD HIEIZ X
HFERN LIS HHRINTWS, 2L, 7oV b7 u—EoF A2 R EFEHC, 22T
WFFE U T2 81 D3 i fRIZ 0 if W 2 & 2or2 LT\ 5, filtd5, T > 300 MeV TOT4LIX,
O((aT)’=N2)D a ITH B 720 TALRRZEN Ni< 8 T TE 2 50D LHfR T 5,




30

gradient flow —&— ® ‘ 12 gradient flow —&—
o5 T-integration —&— 10 c[) T-integration —&— 1
@ 81 <1>
20 I
1 ot Lo }
o 15 = 47
& 2 2| A
Sol d
0 I
5 -2
g ¢
0 ( . . . . 4L ( . . . ‘
0 100 200 300 400 500 600 0 100 200 300 400 500 600
T (MeV) T (MeV)

1 7o vx=r b7 B L AARIEE (2+1)-flavor QCD DIRREH R D
W58, 7 =27 BEWGEORK, ZX: = ot —&EE c+p, A FL—
AT /= e—3p, HHENTIRE, Gas®)

0& By 3.5e-05 T . . ‘ '

= & u quark —6— e
s auark - I s quark —&— -
§ 002 o) 4 | _ 3e-05 q
© E _ —
§ -0.04 @ &R _g 2.5e-05 )
g § 2005 |
£ : |
S 006 | ® Z 15e-05 | N
3 o z
g = 1e-05 | Joltt
S 008 | = o
E 5e-06 [ i@@» ----- &
@
-0.1 R " |

0 O ey 0 100 200 300 400 500 600

T (MeV) T (MeV)

. 2 Uovxrhrn—iECLS 2+1)-flavor QCD OB, 74— 7 HNE
e, I A TR, A 1A TV 4—@#@%;:5 o AT u,d 7
ﬁ 7. BEAT s IV — 0 OB A TNEENIREE, GiX®)

l20)7’£l HATGNVEEORERE T RT, AN BT =T 13 A T IVRTFRE & A
oy .)) %%LT LB EEMER Y ZANERINDED, 7oV h7u—Eck, EL
<K D ihtjm’ TNEHEREETMITE 5, RN T a7 n—7R00REE jﬁfﬁ@mﬁﬁkf
NHRIE XN D AEBIRE Tee ~190 MeV TRUMZARZEN R CEND, AR A T NVEZ
DIBEFET S Z~d s TANY LY 5 — 7 TR D J71E T ﬁﬁﬁﬁ%ﬁ%@%ﬁﬁ\ﬁ?
Uy b7 u—iE THEBRRE CHET A Z LN TE L, TOREIT. WIFF LB Y The ~190 MeV
THERE—7 2 RLTWA, £/, s 7 4—27 L0 b, By, d 7 +—27 DhA T IVEZRD
FRXVBNREERMEZ LD LTERY , 2R BRI E —8T 5, 17 LT A Z A xtfrit%
1 %LTLE5W4W//M7¢ JTCINGENRENTEZDIFHOTCTH D, GHXO®)

HA TV R OEFEER 5 OFFEIZIE, 7 4 — 7 AR OB ORIl E R XD,
AL = R 4 — 7@&%ﬁot%ﬁﬂnfi H A T VIS ZE O EREER 3 SRR | U

THEIZITHLIZ ENREINTWDS, VIV b7 u—&fio CHEMEER S L7
f*%'ﬁ AN Y 3 — 7 THRBEORZ BN REIND Z L2 R GiX@).,

B A TR & RIS . AR EATOALAR IS 2R BB TALRR SO A T /L EFRME DR AU U
Thb, M3DERIC, Ity (F—U8) T8 LIENHAER OO Z2RT, MAAERIX
ﬁmﬁ@fiﬁﬁiﬁvﬁ@@%%ifm@ﬁ%®%%@%niof@mm@m%%oLﬁw,
T3 7 — V) o T ERATIR o CHIERED b X 2T, BERICIUR TS L s, IV
h7a— %@ﬁ%@%%%ﬁ?ﬁ@ﬁ®Tiﬁ~UVﬁ&bfﬁ5:&ﬁf%%mﬂ3®EHT\
NEFHTE ﬁﬂ77/i/%7ﬂ RO IR EB 0 BEEICINR T 2 Z L ESnd, 2oL
THIC 7 a0 — SHNAHEMN O N D, NI R EZFMLT 5 (Z VA 5 X DFH) .,
mﬁ\_@umm R, DA TNEBREF>TI +— I GFafiol-£RIcEEHRZDILLT
x D, IEROFETIE, 7+ — 27 B X DR ROF I i@%fk%ﬁ<@ FRPER X
NDMN, AL H— KT 3 — 7 2l S T2 HATHIZE TlE, 7 A U5 L DR HIifE R & K& < R
PR T AL Z E NS SN TR Y  WERRRRHE & L COEHEMEME - 72, X 3 DRI,
U = B S AR RO A 75 b7 u—ETHE LR (B=4) &, 7
TN Ta— % =) T LTS THE LA A VB XA AAEZ RO R (R
) EBEHE LTz, bR B LFHMETIEOR ENTERIC—H L TWDHZ ENRTHERNS,
BIR72kT ECTZ O LEe—ERELNDIZHDTTH D, 2. TOREERFMIL., FiFA1 v
AL N AT KD TFEEFE LRI ERRENT, GaxX®)

INHOFERIL, a ~0.07fm OTHE 1 A TEOLNTZLDOTH S, FxpiEaE T, &< 5




IR BRHBFEDOFRERNEL —H L TWD Z LKV, Z O EFMRICITN 2 & 23 < R
SN0, BT RIFMEEEDS /NS WD LITEEMEB L TR LEZRH D, TODIT, 207
F— 7 NEWGE TR FHERZ LA TE L ED TV 5, SLEHA E 2150 TRV, KB
ROV TR FHRIKFERN /NS WD L 2R 2 PR 2157 (FRRRO),

25

T=232 MeV. (N,=12)
gluonic —E&—
R 7.2(0.9
1x103 } (T 7209 ——
/ fermionic —A—
R Ax104
1x107°
200 | A i L .
100 . 0 0.5 1 1.5 2 2.5
0 -6 -4 ; 0 2 t‘l 6 T/TPC

K3 7/IVxr h7u—iElcks (2+1)-flavor QCD OEV5:, 7 +— 7 NE
WG, AR AR, AR RS R, RIE VT G AW ERIC K
LaHMBOFER T, BT +— 7 ZHOWEERIC L D50 R, GiX®)

(2) Gradient flow % H\ =Bt tR I DHFSE

TS5V v 7 —ETI R AR —EEHET VL FDOLONHETE L) m 2 b
WX, TOIEAERSC AHBEE b BRI RRE & e o T, F D, B RER L.
d— 7 W Ok & Ie BRI A B E MR EED TV D, IO E LT, 74— 7 N E
WIS B EFE LTz, = o —EBE s VX —EEET VDR DRSO R B
SIS ERRRE O CEHME L, — SR HRO AR O R Gix®) &, 7o —F»
ETrOMBETFE LW L2 R LT GaX@), 62, =X —@E#ET VLo 85
B UMk R 25l L, A A U EEERORIET D gis ~ 0.12 X° AAS/CFT &b B
DFETHD pls =14n [EWFEREGT-, 7277 L. BT TERazEn — sk X v
RELBRDERANRDH Y | RFARZOKEE LTI IT CTHERDZMEPMLETH S, Gistd)
(3) Gradient flow Z MW\ 7=HBREME (2+1) —flavor QCD O (2) : WP +— 7 OHE

77 vy b7 a—EIC K HREFEXOFmIL, RO FETHETH >, BB —
X BB OFHfi 72 ENARE T, BEMFHE R FERELSMAONDARERS L, £/-, 77
T h7a—0r7 =Y IR ST, MEOKTE D ZHD DT — VBNLOFE S T RS
Z B, HEROFHETFIECH_RTEREOHENREIZ/ D Z ERMREIND, 7+ —7 )
HWEEIZ7 7V b7 a—iEOoEmna AEEZ RTRIROMERIL, R X NSV EL R
TOMRT, 772y F7a—{ERRERFEEEZH NS 52 L E2RIEBLTWD,

WRTANY Y p— B LGS —CERZRWT, 7+ — 7 ER&E2BEOHEIZE
BRI ab—a B LT, 74— BDEWEGAIT 190MeV BN EFRE TH -
T2, 74— PRV O TR OIREMAIZY 7 N5 ETFREINS,

K15 ORERS#E TITo P EREE T, WA TL 7 7V b7 —{ETREFERX
R ETHERRE CH D AR LT T 0, d VA — I MR VIR 7p o7 L EBEA LT,
WwLdZ A —7 DHATNEED TN s 74— L0 ROHHEEE O Z2 R4 Z LR ENTZ, L
Nl FOEEICEITA T>15MeV OV 2 b—3 3 Tl HEBBEOBTEIZIZEL 2o
7= GHx®), D%, LVIKEMO T ~ 122MeV, 13MeV 2 & I alb—a 2D, 122
< Tpe < 146MeV (R SURE 2R3 SR 21572 (FaiRO),

INHDOHFEEITLC, AEEREOERNEVWIA N L = DY I 2l —T 7
VEBITT DO, ZEAE AN T AE GiXO®) 72 EOREFRERELED, TNH &2
>, SUB)Y—VHGR DA TRIEE 1 AR S fE DR IE T RSB OIFZE GRix®. ®)
7 E BT T2,

5. TR LE
(EsSER S0 (B9 1)

D Yusuke Taniguchi, Atsushi Baba, Shinji Ejiri, Kazuyuki Kanaya, Masakiyo Kitazawa,
Takanori Shimojo, Asobu Suzuki, Hiroshi Suzuki, Takashi Umeda, “Study of energy-
momentum tensor correlation function in N¢= 2+1 full QCD for QGP viscosities”, PoS
(LATTICE 2018) (2019) ref.166, pp.1-6, URL: https://pos.sissa.it/334/ (&#HiH)

@ Atsushi Baba, Shinji Ejiri, Kazuyuki Kanaya, Masakiyo Kitazawa, Takanori Shimojo,



(%

)

@

Asobu Suzuki, Hiroshi Suzuki, Yusuke Taniguchi and Takashi Umeda, “Measuring of
chiral susceptibility using gradient flow”, PoS (LATTICE 2018) (2019) ref.173, pp.1-6,
URL: https://pos.sissa.it/334/ (EHiH)

Mizuki Shirogane, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa,
Hiroshi Suzuki, Yusuke Taniguchi, Takashi Umeda, “Equation of state near the first
order phase transition point of SU(3) gauge theory using gradient flow”, PoS (LATTICE
2018) (2019) ref.164, pp.1-6, URL: https://pos.sissa.it/334/ (&F#iH)

Yusuke Taniguchi, Shinji Ejiri, Kazuyuki Kanaya, Masakiyo Kitazawa, Asobu Suzuki,
Hiroshi Suzuki, Takashi Umeda, “Energy-momentum tensor correlation function in Ny
= 2+1 full QCD at finite temperature”’, EPJ Web of Conferences 175 (2018) ref.07013,
pp.1-8, DOI:10.1051/epjconf/201817507013 (EFHif7)

Kazuyuki Kanaya, Shinji Ejiri, Ryo Iwami, Masakiyo Kitazawa, Hiroshi Suzuki, Yusuke
Taniguchi and Takash Umeda, “Equation of state in (2+1)-flavor QCD at physical point
with improved Wilson fermion action using gradient flow”, EPJ Web of Conferences 175
(2018) ref.07023, pp.1-8, DOI:10.1051/epjconf/201817507023 (&7t H)

Yusuke Taniguch, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanayva, Masakiyo Kitazawa,
Hiroshi Suzuki, Takashi Umeda, and Naoki Wakabayashi (WHOT-QCD Collaboration),
“Exploring NMr= 2+1 QCD thermodynamics from gradient flow”, Phys. Rev. D 96, No.1
(2017) ref.014509, pp.1-28, DOI:10.1103/PhysRevD.96.014509 (£ Hif)

Yusuke Taniguchi, Kazuyuki Kanaya, Hiroshi Suzuki, Takashi Umeda, “Topological
susceptibility in finite temperature (2+1)-flavor QCD using gradient flow”, Phys. Rev. D
95, No.5 (2017) ref.054502, pp.1-8, DOI:10.1103/PhysRevD.95.054502 (#7if)
Mizuki Shirogane, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa,
“Latent heat at the first order phase transition point of SU(3) gauge theory”, Phys. Rev.
D 94, No.1 (2016) ref.014506, pp.1-14, DOI:10.1103/PhysRevD.94.014506 (#3:4A)

R. Iwami, S. Ejiri, K. Kanaya, Y. Nakagawa, D. Yamamoto, and T. Umeda, “Multipoint
reweighting method and its applications to lattice QCD”, Phys. Rev. D 92, No.9 (2015)
ref.094507, pp.1-11, DOI:10.1103/PhysRevD.92.094507 (&7t 4A)

¥R GH171)

SRME, AR, fHEL, JLHRER, BRIEE, TRELL, B, Rl eRE,
BRI, B, <7 7V b7 —|Z L4 2+1 7 L—3—QCD O#J) £, H
ARPERF 74 BHERORS O R, R, 8.14-17, 2019)

gk 1, AR W, M &L, IR ERE], a8 fiE, LR IEE, T4 Bl B Eak
K 3bE, BH I, B 1E, “Thermodynamic quantities in the Ny=2+1 QCD; the case
of somewhat heavy ud quarks”, HA®EFES ((BMKTF, faATH, 9.14-17, 2018)

Yusuke Taniguchi, Shinji Ejiri, Kazuyuki Kanaya, Masakiyo Kitazawa, Takanori
Shimojo, Hiroshi Suzuki, Takashi Umeda, Asobu Suzuki, Atsushi Baba, “Study of
energy-momentum tensor correlation function in Ny= 2+1 full QCD for QGP viscosities”,
The 36th International Symposium on Lattice Field Theory (Lattice 2018) (Michigan
State University, MI, USA, July 22-28, 2018)

Atsushi Baba, Shinji Ejiri, Kazuyuki Kanaya, Masakiyo Kitazawa, Takanori Shimojo,
Hiroshi Suzuki, Takashi Umeda, Yusuke Taniguchi, Asobu Suzuki, “Measuring of chiral
susceptibility using gradient flow”, The 36th International Symposium on Lattice Field
Theory (Lattice 2018) (Michigan State University, MI, USA, July 22-28, 2018)

Mizuki Shirogane, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa,
Hiroshi Suzuki, Yusuke Taniguchi, Takashi Umeda, “Equation of state near the first
order phase transition point of SU(3) gauge theory using gradient flow”, The 36th
International Symposium on Lattice Field Theory (Lattice 2018) (Michigan State
University, MI, USA, July 22-28, 2018)

Shinji Ejiri, Shota Itagaki, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa, Yusuke
Taniguchi, Hiroshi Suzuki, Mizuki Shirogane, Takashi Umeda, Naoki Wakabayashi,
“Thermodynamics near the first order phase transition point of SU(3) gauge theory”,
YITP long-term workshop on New Frontiers in QCD 2018 (NFQCD2018) (YITP, Kyoto
Univ., Kyoto, Japan, 5.28-6.29, 2018)

TANIGUCHI, Yusuke; EJIRI, Shinji; KANAYA, Kazuyuki; KITAZAWA, Masakiyo;
SUZUKI, Asobu; SUZUKI, Hiroshi; UMEDA, Takashi, “Energy-momentum tensor
correlation function in Mr= 2+1 full QCD at finite temperature”, The 15th International
workshop on QCD in eXtreme conditions (XQCD 2017) (Univ. Pisa, Pisa, Italy, June 26-
28, 2017)

KANAYA, Kazuyuki; EJIRI, Shinji; IWAMI, Ryo; KITAZAWA, Masakiyo; SUZUKI,
Hiroshi; TANIGUCHI, Yusuke; UMEDA, Takashi, “Thermodynamics of QCD at physical
point with (2+1)-flavors of improved Wilson quarks using gradient flow”, The 15th
International workshop on QCD in eXtreme conditions (XQCD 2017) (Univ. Pisa, Pisa,




6.

Italy, June 26-28, 2017)

KANAYA, Kazuyuki; EJIRI, Shinji; IWAMI, Ryo; KITAZAWA, Masakiyo; SUZUKI,
Hiroshi; TANIGUCHI, Yusuke; UMEDA, Takashi, “Equation of state in (2+1)-flavor
QCD at physical point with improved Wilson fermion action using gradient flow”, The
XXXV International Symposium on Lattice Field Theory (Lattice 2017) (Palacio de
Congresos de Granada, Granada, Spain, June 18-24, 2017)

EJIRI, Shinji; KANAYA, Kazuyuki; KITAZAWA, Masakiyo; TANIGUCHI, Yusuke;
IWAMI, Ryo; SUZUKI, Hiroshi; UMEDA, Takashi; SHIROGANE, Mizuki;
WAKABAYASHI, Naoki, “Thermodynamics near the first order phase transition of SU(3)
gauge theory using gradient flow”, The XXXV International Symposium on Lattice Field
Theory (Lattice 2017) (Palacio de Congresos de Granada, Granada, Spain, June 18-24,
2017)

TANIGUCHI, Yusuke; EJIRI, Shinji; KANAYA, Kazuyuki; KITAZAWA, Masakiyo;
SUZUKI, Asobu; SUZUKI, Hiroshi; UMEDA, Takashi, “Energy-momentum tensor
correlation function in Nr= 2+1 full QCD at finite temperature”, The XXXV International
Symposium on Lattice Field Theory (Lattice 2017) (Palacio de Congresos de Granada,
Granada, Spain, June 18-24, 2017)

Yusuke Taniguchi, Kazuyuki Kanaya, Shinji Ejiri, Ryo Iwami, Masakiyo Kitazawa,
Hiroshi Suzuki, Takashi Umeda, Naoki Wakabayashi, “Thermodynamics in (2+1)-flavor
QCD by the gradient flow method”, Phase structure of lattice field theories, Japanese-
German Seminar 2016 (Niigata Univ., Niigata, Japan, Sept. 26-28, 2016)

Kazuyuki Kanaya, Shinji Ejiri, Ryo Iwami, Masakiyo Kitazawa, Hiroshi Suzuki, Yusuke
Taniguchi, Takashi Umeda, Naoki Wakabayashi, “Thermodynamics in (2+1)-flavor QCD
with a gradient flow method”, Phase structure of lattice field theories, Japanese-German
Seminar 2016 (Niigata Univ., Niigata, Japan, Sept. 26-28, 2016)

Yusuke Taniguchi, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa,
Hiroshi Suzuki, Takashi Umeda, Naoki Wakabayashi, “QCD energy momentum tensor
at finite temperature using gradient flow”, The 14th International workshop on QCD in
eXtreme conditions (XQCD 2016) (Plymouth Univ., Plymouth, UK, Aug. 1-3, 2016)
Kazuyuki Kanaya, Shinji Ejiri, Ryo Iwami, Masakiyo Kitazawa, Hiroshi Suzuki, Yusuke
Taniguchi, Takashi Umeda, Naoki Wakabayashi, “Topological susceptibility in finite-
temperature (2+1)- flavor QCD with gradient flow”, The 14th International workshop on
QCD in eXtreme conditions (XQCD 2016) (Plymouth Univ., Plymouth, UK, Aug. 1-3,
2016)

Yusuke Taniguchi, Shinji Ejiri, Ryo Iwami, Kazuyuki Kanaya, Masakiyo Kitazawa,
Hiroshi Suzuki, Takashi Umeda, Naoki Wakabayashi, “Temperature dependence of
topological susceptibility using gradient flow”, The XXXIV International Symposium on
Lattice Field Theory (Lattice 2016) (Univ. Southampton, UK, July 24-30, 2016)
Kazuyuki Kanaya, Shinji Ejiri, Ryo Iwami, Masakiyo Kitazawa, Hiroshi Suzuki, Yusuke
Taniguchi, Takashi Umeda, Naoki Wakabayashi, “Equation of state in (2+1)-flavor QCD
with gradient flow”, The XXXIV International Symposium on Lattice Field Theory
(Lattice 2016) (Univ. Southampton, Southampton, UK, July 24-30, 2016)

Ui ik

(2) BF5eth 71
e R4 TR (5]
72—~ K4 : (BJIRI, shinji)

et E R4 - A Bl
o —< 74 : (KITAZAWA, masakiyo)

e B R4 R 1
17—~ K4 : (SUZUKI, hiroshi)

e B RL - B0 I
0 —- K4 : (TANIGUCHI, yusuke)

MR ERA  BH &L
o —<FK4 . (UMEDA, takashi)

MBI L D90, MFEE O AR EBEICBWTERT 25D TT, 07, IO EMCHITRRDALKSEIC
ONTIE, EOBEFHEICE S bOTIE AL, TOMRKRICET 2 AMCE X, Ea@AcmESnET,



