2.8 FIE&YE

Computational Nuclear Physics

ARA v
EENGIES

BeT R S
{LfEw]
oA &
i NP
WA E 2
R 5
s 2%
e 2 Rl —
E&EAT

KVEH

NEMURA Hidekatsu
SHIMIZU Noritaka

ABE Takashi

EJIRI Shinji
FURUMOTO Takenori
HORIUCHI Wataru
ITAGAKI Naoyuki
KURAMASHI Yoshinobu
NAKATSUKASA Takashi
SASAKI Shoichi
SUMIYOSHI Kosuke

OHNISHI Akira

&, HPRT: - B R TER
HIRE, TR - AR v 2 —

FORR: « TR gE e v 2 —
HHRRE - HAREORIER
BYLSARTERT - RN g e v 2 —
El 3D NE SPNE & 5 S
TR « FEAE B2 e AT

PN - BRI E R EER
BYLSANFIERT « R g e v 2 —
RAERE: - BHEEAFIER)

HH TR - 2Rt

TR - FEAE B2 0 AT



2.8 Bz HL

2.8.1 I[EL&HIC

B, ROHAEERICE > TE AR EWVCHES LEARE 2 KR TH D, K=
F—HHIROIT W ELIE. B a2 AN B RE L U TR 2 M A AMERAIC I b T
BY, REBEDEZBIHDTND, —FHT, BEA AR EET R F —FEE O FEROfE
Brinh, ' 1-))% (QCD) BWHEMEHOEBHEGRTH L Z LITRVORVWbD Lo
TW5, FFEWBOEGROIIRIX. 74— « TV—F L O)FEEER D bO» B
Bt 2h5%, REMCTOBEROHBL, 75 22—l hvE1 - B R (RE2ER) ©
{AE, WBERWE (PHEFRE), A Ry PR L MOMHAEERIZE2b 5 SR 815
. HHREEISC TSR TFEERE L CTED b TE T,

TR Ea—F —ORERFEELFLVEAT LI XLORER E N, £580
MR, b0 FmcEie & & i, {02 LR bIER I TOh 225 5, 4
BOFEBYEPELREEE L FMOOE DX, 29 LEARE ORISR E, LV
B OEERMITH TN Z LIk D, QCD 2R & LI B L O -26% 0
PR A8 U C, Pl OEKICKIT 2 R E OB 2B B R OB EZ L L T Z LI
bD, TOWEETIE., EVDITHATERT DHEEZ TLE LR T, BIERS L OF
KD B O BRI R OB 2 RFT LT NERZRT, 97 2.8.2 SiCIXELR O 21T
VY, 2.8.3 flICBWTAH 510 EDO IR HERE T 5 R E B A 4 DO/NRIPToT T2
T Be< 2.84 fiTIXENLSOHERET 2 R EFF A, ORI THLY MlTe R X PR
HEDTRLTWVL,, 2.8.5 HiTix, AHBOBRICHERFHFMEIRO RATY 1CnZ <, &k
RERFRLBE 275 H U CHFZERRR 2R IS 8 1 TV T2 | IFFRIETHI 0B, HEE DL
22N, FHREMEREE I (JICFuS)[1]. FEHRMOBE) & 312 Bbh S 7z i
ANT =<V R A Ca—T 407 A7 F7A77F % (HPCI) OREZEFRFED —H
%723 HPCI MRBE 08P 5 72 EOMPA SR THET 5, KEZEIC28.6HiTELDEAHZDORE
HERRD,

2.8.2 IR
2821 94— - TIL—F KR
B %F QCD Ik b/\FOViEE



2.8 Bz HL

HEENE | ™~

0
6
g0 b He0) Ty \
-20 —_— 8 i+
i ——Be(0 i
i = ( )'OB(S )

Ngha=5 7, 7

# Li(3/2— —

oo SLi ) R
— 2

60 ‘“Bm*;'""‘cg

4 70k Nahe=2.

gl 4 Nape)=3

[

8

[10° ev )

100 |

HNTRNF—

HKFos
o

Nypei=4;

etron.protee Farmi bl
frw s wieciren Feems gan

quark ghaon phainal

\ 1 vector meson. octet baryon decuplet baryon
B 2.8.1 RIS L3 HHFEHIRE TN TN OMEDOBRE RN T, 72
HICITDIA A TH D RIL, STHR[3, 4, 5, 6, 7, 8, 9, 10] 22581,

AR RS E T DHAEERORBEX Y +— 7 L I NV—F v D)) F %Rk T 5 &
1% (QCD) ThHLBEZDLN TS, ETRAVXF—DJFEGICET 5 QCD DEH)
HRAT DRIt LT 4% 0 LR BT EE D BIZIT k5 QCD D ELEEN R AT IZ, 5
B OME X R W DIIERICEE LV, 20720, K= R F— D315 & BERIICT~
Ll ARG L <X QCD fifll, #+1 QCD #tEBZ Wb D, D5 b, KF
QCD 1% Wilson IZ &> THRE SN, QCD 2Ty 2k FlETHD, I a7 AFx—
4 WOt HAGEREZE EOIEFH S — VR TH D QCD &, =—27 UV v ME L7z 4 ook m L
DY =GO FRESRS Y V7 LI —VHERETHZ EICXY, F—U%FR
P2k LI ARBEMEDOR O E L TERLT S, 295 LT QCD BNIEHIZRERE LT
ERINDIET TR BREFINEC LV FBBRORFR LR L, TO—D2DHE
RSB, ETEREDFI R A BRI 95 Z LI L o Thix 7Bl %2 QCD Z & U CT8fE
RT3 52 & ThHhDH, ZOHTIEZ DK QCD FHADEIE DA EMHT 5,

BT QCD OB R BMEE R Z EITT B701Iid, WL OPTRT 2N BERH 5,



2.8 Bz HL

~ e QCD DR ~
¥ QCD OFENIE, #FHIFRE 2 ORRRIZENTH & D QCD IL—&KT 5L 5152
bitd, TNETIKSEIERENMEBRESNTVDEN, PTHRE vy H— K7 =V
AN K BEITBRAIIIFEBR R SN TV A B EE = X R E L LD
AVbNTEl, RETRET ANV VAT 2 VI AL BEREZAVEERBEL
RoTHEY, LI TARMBMEERE LA — =5 v T 7= AIF0 [11] R R AL
YU —NT = VIF Y (12, 1B L L BEME MW RR E S, BlEEH RO 2 2 |23
T AN VRIS BB D 10 51213 503, D BTV,

J
(i) FHABE DB FEE K O A £ U FROBIR? S, R E0% B4 X) 2RK&E LD
EWTERY, (i) 7 4+ — 7 GBS E KD 2 72 D OB OMONSIEE B 57
B (I EREL LAVWED) 7 4+ — /7 BREBRS T2 2 LR TERY, (i) BIWs +—
7 (2 & — 7 OEZERIR) OREEZE L L 6 5 72 DICIIBMEE O 2 2 M aimnd, 1
o ORI, xR LREFELTZLICEY, KBEERENT, BUETIH, ALY
T (s) 7 A— 7 HEEBEOHE MER) TEHEL, Ty (u)- ¥V (d) 74— 278
s 74 =27 XD B DOEWVICELNE L, ThHDY 4+ —7 OEZEFMKRSIE L < 3
fliL7z 2+ 1 7 L—2 81 QCD FHRMNEF & oo TW5B, filxiX, WBELMZRZEM YA XK
2 ~ 3 fm (K% 0.1 fm BRE & L7z & 13 R 05IT 163 225 323 BREICH YT 5),
uy d 7 A —2 % 7 RO RICHF LT 200 ~ 300 MeV R O & & T30} 12 Jekk
W72y X 2 b—va U8 2006 FEORER THERFD IV —FIC L@ ShTnd (2,3,
IHIT, LT, uy d7+—7 ODHEBEAFTEEL, SEHOBNWI +—7 u, d, s &
TWHENe 7 +— 7 BRE WELR) oy Ialb—valr bl ood 5 [14],
Z 9 L7k QCD O KHIBEAEFH AT 2 K& OO &2k, 2 MKd 5
Bl e EoNRa b FOERPZREEZ QCD IZESWTHELTHZ & Th D,
BUE, HAD T —H oy 2 —rhfl -, WONCERLf- 8 HIH, 10 EHHZR L& O RINIZE
OBV R O RLERBICEH LT, 2OHEZHK - QCD FHRIC X - TH % ORE THE
BiEZ HBEND Z ERENTEBY, QCD 3% DER=FAF—FIRICB N TH, VA
AAEH OB L L TRIESNDIZE -T2,
EHEANA N OHAEOHIE BT, B2, W ORREICET 2 e VBBATS (r,
K WlF0 V7 b BRI CP i FR7R 3 BRI BER 3 5 ik K WP+ DIE L7 b U HiER)

L zoax balBT 3720l ZNETEIKHVONTE OB = FREFHTETH 5,



2.8 Bz HL

2.0
i mass [GeV] -
151 - 2
L L —
_ T
1.0 X_iu A
L — i
-+ K N
p
0.5+ B
| vector meson octet baryon decuplet baryon |
0.0

X 2.8.2 HPEAKZE PACS-CS ZFNA—F12kb 241 7L —281 QCD #HEIC L B8
WA RBY DAY MAOFER, My, mx,mg DERMEZA Ty FELTHES TV,
SCHR [3] &0 BIHL

BV TIE, FERICE VR CERIE L OHBL 2 STV (15, 16], F72/MA-25)1 Bl
D2=F VT 4 DREBERIECE N THH - QCD FHROERB I EN 2B 2 R LTS
(17, 18], HH R SRR TR © TIRVWARVD, B X072 DM Tk - ORESIC 4 5
7eh . BRICHEREE HF TV 5 (19, 20, 21],

B #EF QCDIc&kBNFOVLHSER

N RO ISR IR TERS Z N E TEBR TN SN TE R, BETIX@EHE D07 +—
7R [22] Ko THBTERVWE I REX Y F v 7 2 R v OFFE D ERWICHE S
TWb, TOXIRZXVF o7 RurbEad T, N e roOpiiREOHIRIZE VT
X, ZHETOEEREONED X 12, Higd Py 1 RARBICEEST, ~"Frv
2RI DILIRRIE L LTI ] D . KV BMERMAT FIEN L L 725, bHAHA NFR 2
B OIIPIRBOERDOF X, B2 TWAH AR 2R FHIC@ <~ e CHHEEERIC
M L ENTEY, QCD IS M SHFHEEHOBEROEIZ, BT &1 QCD
EHWTEAN R U DRSERRERG L T DM RE~DRIBICER DD THD, £7. NFnr
V2RLFMORDRITONVTIE, AREEETTO 2K FROMEM T RN X —DHRY A X
SR D 2K FRIDBEAIZ R D 5 2 ENTTHRETH Y [23, 24], KK TN —T %MD &
L CHADWHFEEIZ L o TR I AT, BUETITIERT OV —FThIiThild L 51T
2o TN, BORDRFETREREE LTL, p T FEZBOHEERNT 2 20 7 hiF12
JNEET DAL R (GEIRIRIE) & LTIV B, ZTOMBIREZFHE T2 LICbIIL T



2.8 Bz HL

100 [
b Ve o
Ve e
50 f 1
>
= m, =529 MeV
=
S — EEERERTRES
-50-----I----I---.I....I..
0.0 0.5 1.0 15 2.0

r [fm]
B 2.8.3 7w PHFOEEN 529 MeV IZHUT D7 +— 7 HETD, 7 = Flok
T QCD iR TRbNz, AV ZEHEREBICHTHEIRT o b, ZANRHLI,
BT I NI)ITHY . AT VI NTTEBVIALVTESEORENLIIRT Vv v,
SCHR [26]) X9 51,

W5 [25],

FMOFEE LTE, N Ry 2R FOFEE - X—F « FAR—F —PEIRIED D EH
INHWBBEZH - QCD I L BUEMIZR D, Z OB b~ R R AEEH O
BT ¥ VEGIEHTHIEREE I, EEICK - QCD AN OEIIRT vy V%5
EHTZ LTI LTS [4], ZOHETRHRLNIEIIRT v X VL, JEROBIGGRAR
TV VOB EEREMCHELL, PLIBIOT IV +— 7 BREERLS T5 (H
FIESIT5) EMAEERNHBRL 2d (T IAhb#kT5) iz RL TS, TRV
F— R EB BARAF RIS 2 T, 2RI ~DORA BT TIZEHRBED Hh T b, &
DT, APV IRRAEFAIENA NV J)~DPRIRIEIANA N VELERBSRETH 5
iz, RERFERFELNTVD,

S HITHOETIX, QCD IS FUFEE D EHEAERR & & OFYEE O 17T 72 WF5E b 4
FoTWN5D, 2010 FFHFE RN —T1T  JEBEERICIS W TR b IEAR L 725 YHe Jil 4%
D& QCD IZ X 2 EHEMEIZ R THID TR L TV D [27],

B SEEEETO QCD ¥t



2.8 Bz HL

0.00F 0_0():_1______'_'_'____'__'___'________:
001 001f E
0.02F 0.02F % 3
-0.03f -0.03F 3 E
0.04f 0041: He E
N TF O Op;
005 005k 1 o op, 3
-0.06 F -0.06 F : ¥ exp. ;
0.07E oo7bLoeleent v, )
0 517 516 e 14
3
1/L

X284 2= FEEOHKT QCD FHHIC X 2V T4, *He(£K) & 3He(FIX),
DIFFT RN F— DG, KT, AT 2230 ¥ -7 8 AE, = M("He) —
nM(N) [GeV] OZERAR L® HFtEE 2 B OARE Fcx LTy FLTWA,
O & BENTE N E 2 AT R R MR R~ DSl & SR 2 R, SR [27]) B,

QCD DOHEEIRIEIZ H 28z U CTAH D &, QCD OABRIBEMEGEOMIA % B LzE=T *
NE—EA T UEHRERBBAET Vv 7 ~7 D RHIC *° CERN @ LHC Tfrbh T\ 5,
ZZTRLNTEERT — 2 B S LT 272 0101E. QCD ORI T 5. B
PRI K D EARNRERPAFIRTH D, ETIE. TNETOKT QCD OFfHiv I 2L —
VavILEBAMRIZL T, HFEREREEH T TETCWEERE n#E T QCD wkic>
WCRR D, FIHOWFEERETIL, 7 = FIRLGEHRREE LY bEWY +— 7 B EFERT
DWFFERZ AT, HETIEAZ v H— NI 3 — 7 EAZHWIZEHS, T2
BERERLIFEFR L7 +— 27 HREHANTITOI TV [30], Z£D729, FHIEBIEREIRE
FREX (B FERMOBGRR) OFFIXASICHEEWIE S22 50D, v A
A=V LMD D IR M ETORRD 7 +— 7 DEABIC X 5%H
MERRMAET NEBEICHD, £, KVEBALHIEE LT, A"FrYOHREARY b LD
TREZER [31]. QCD W'E ORI EIVEE & e tb 2 MR 3L (370 KEVE RN &)
(32, 33] DEHRBIUMETON TV D, IThbid, FHRaX M REDHBTLEDLEZAT =
TN X DUFTEBFEIC B & > TV 2D A3, FHABEIERRD & 72 2 ) IV BLFE IR
FHRAARE L 2l AR OFRDOEEN SR SN 0 TH D,

—F. BT RNVX—EA A EEKNERE CTER SN EWE X, T ERRRFERET S
B R R DT, R 2 W2 A BRRE E XL 2RI L7zt QCD 125 < B — B
BT TR, BEERRTZ0IEE L, 2070, £ QCD b, #HARERT



2.8 Bz HL

X 2.8.5 (Z£K) MEBBIECHBA LIZY +— 7 BORO X OWE (T) #KAirtk 28], AR
CERT v %V (ug) COBRBRTIORIIERT S LEZXDNTVD, EHIT O(uy)
T, BT O(l) ETEE. To 1E pg = 0 TOMBBIRE, (HK) X/ =F A 5E
B DR LTARERT v v s & 7 4 — 7 BUBEE p OB, BERMEWE Z AT
—DDAEERT ¥ X MK U CTHEEITEROMERY 25 2 L 2R LTS, Zhud—
WAHIERE A3 C O ZAHIEAFIT RS Uy RIS B BRI — R AHIEE 3 5 Z L 2R LT
% [29],

bHHIREHEREFRE L, ZOERETICEG G L U THRIFRIRIE 220 LT, ERf
RO 2AT - CTX T, TER, WIEBHEY I 2 b—3 a VITEA 4 BN GTER SN
JRFTECEHE I O E R IR D WA TR L CE TR Y | HAFMIZZIIEZE»L Lo
7zo L2 L, ¥4E, RHIC R LHC THIE &7z ERRL 1O AL 5347 D b & 0 ikt R
X, FRTLOES T2 ELHAKMY I 2L —Y a VORBEEEZ R L TW5 (34, 35,
Ak, MRERBRTE, RFZ RHIC ®° LHC TER I X 2 RmiRREEICBIT 5 QCD WE
KRz BT 2 7-01iF, BLEAY OWBHEMAEY I 2 L—va roERbEIT, #E
BR & FRRBED A X2 b & ITD D 720 D RBIBEAEF RSB D,

R O L BRIk oM L 5 L | BB EEKRTO QCD Wik o Bfigid £ 721
ATV, THWETOILFRM RN S, K 2.8.6 D QCD WHOHKIZH S XL 57
L E T OB R R DOFELER, BHERHEEN PR SN TV [36, 37, b LERR R E(E
ThIE, BRIV —EHA A UHRERTBRUINDIZT TH S, 2. £IWVoLmE
FEoD QCD HEEBOFEM A E#IL. BMER DB AT =X AP IEFRED LS 7



2.8 Bz HL

B RIK DN
EOIRMEZE F1 B T
DICARAXRTH D,
DX ICERBE
Rieo QCD Wik
WD T DHE—
JRER B DS A &
LTV B3 ik
e DWFIE & 3%t IR
AT L AR B 22 P
XEZIRE - 721X
Ny THDH, QCD

DYIalb—v3

RHIC/LHC/Early Universe
T [ .\vﬁﬂ..%%3 1

e O Nucleon % Nuclear ”B
OOO o | Gas O§ | Matter

2.8.6 QCD M T STV 2 M 2 Al &2 (L2 R T

T b, it AR & U TRV e b o, SCER [8] KV S

YOREBETHDE

YTANIEZINE, 7 A =T DILERT ¥ py OBANC XV HFSREEZGI SR L
WO AR REANIE L TV D, Z DR Z 5LIRT 5 72 DIV AN AR FIER R S 41T
W5 [38], BINZ 4 —2 OBEEIY ANEEFIZa X MR ED, THE TR, B
IRRATEERIC X DR GIE OB HARDSEE LVRIBIZ B o 7o 28, FRTIS 72 o TR BERE IR D
DIRAX IR A ED D ENTED LI oz, K285 IR LEFERIZZOHITH D,
BUEILS HINBIN TV D FIED—21E, p1g = 0 DY T pug ITHOWTHREIRM %2 L TRl
BRHIIT 5 HETH B 28] L LR, 2 OFIEIN A OHIFIC X - TR Bk
TLAERRFIEE R DRV, D%\ QCD D&% B 278 % 72012138 LW EHE
JEDBRB AR T D, ZIVHHEL SIALIZHELFEDOH LIRS D B35 &
(Y (N

2.8.2.2 BFBHKR
B E-REFHE

AT CIRAR72 & 912, i3 KO ORI LR Th 5 5 0P E 1 () %, #%F QCD
DIFEERLE ST, 7+ — IR ITN—F DI FESNTRBT 2R AP ED OO H D
2. FHATCE 28T He L FOBWEHEFEHICRON TS, £bZ b, 74— 7 THIE
TR HTZENTERVOT, BERKSRE, KR X —HK COJFZDOBLD



2.8 Bz HL

RIBLORWERE LT, #IZZ+—7 « IV—F U OHBEEZHMD S FICRHLIAL K
Db, BrEEARNZAREL LTEX, TORTIIFHSZERE LTI AEEH O Fekas,
ATHD, WD, SRR OEERMZERE L LT, FHOMHAEER () @m0k
ECRBRT 2L E2HET I, BLXOZDO LETZDO X S REREOK ) OBRI D
RO E%E, T2 ERELTHMTLIE, 25 T52ENTED, 20X BT
SRR O —BRTIE, BRI DR ERIFEINER K OZUCHE S PE ARSI S 525,
DX RERAFJORAIIFHREBELRER RO D Z &id, B OBMES I 2 %K/
BOBEL S &2k 2 0ENH D, TR, TTHOOEMOILR, LBV ED
2R DI DI RO BLIRIZ DWW TR R 5,

¥ OB, BERMICIE, EEERER S 2RV TED Y +— 718 X 2 NEHEIZIZH 2o

. BEFOMOPHFORBIC L > TN ZRLRET 22 itk oTH#EDONTEZ, Zh
FTOMRET, IO EL, D2 FRIOEBICE > THBETIZERAHITHS LS
NTHEY, biF, B TORDENIGFHRIE LD/ SA ]2 H BRI L 232
MELLTVDEF->TIW, —HEE A I FRBC L) B FORMAZH L 5 7%
RS /01, BIE TH AT I TR 67, FAIKFEL TV D, 4 H, X%
B LD ERT — & ZIFFICEVEE CHELL, BGOSR L X — PR, &
RWUEMRE—A > MR EZHFET D 2 M) OFARNEE SN TWD, Thbide DRE
DEINOL VbW BBLENE ) EFFTh, ZORFENZ2HIE LT, CD-Bonn, Nijmegen,
Argonne LW TeRT L WIS A TNVENG DEGHIZES b DR H 5,

ULEOFHFEOMERR L L OFHEFEDHRBIC L > T, 29 LI BIEM & TV ick
W « EPORDFAED, BTN L H1ICR-oTETWVWD, 34) EFROGEITIL,
SR E R L% L LT Faddeev (Faddeev-Yakubovsky) GFREANHOLITEY, %
DEHH % BARMICET T 572012, (RSB R &M< 729D12) EYERR DR VW &
T3, £z, FHREOFE CRIFEMOLENEL AR TFIETH Y, *He HFEOGE
W%, BIEREE D 5 BRHICEE Ry k& H L7 Argonne v8 RT v % VT,
K% 729715 C (Faddeev-Yakubovsky FREERZ N8558 LIZIER L) KEO@EWERFE S
N3 LAy Fo— s 3 [30] K ko TRENTNS,

BIEMNEE N I - FIRELRCEG R E D 2 R DERT —F 21845 X5 1cik®
HITWDA, TNETT 3 RU LD AEOME N EMEICHEITE D1 E 5 2NTH Y
TIERWV, KT, B TR DRI 0531 T F R K> TRRTE D22 & %
L LT, S FBREWCRERICH D & X 2 FHIOINTINZ TREFZRE1J) (HEH



2.8 Bz HL

S factor [ eV-b ]

Ecm [ MeV]

X 2.8.7 BLEMEES (AVS B L G3RS) &AW TEH &z 2H(d, v)*He KIS D5
BN S KT & SR & ik L7, A8 P DR B ST R T v v L (MN)
EHWEEA L HART, B3 AR —FIRT S KT ML A BT, AFIZR>T
WBZERbND, ik [40] 58I,

BIEIZART)) MBI 2 ERERMENTND [41], EEEIZ, ZNETO IF R 4R
DIFHFA L EBRT — % L OWEg), Faddeev 1hb U < IXE/MEIC X 2 RRRIBOFHE S,
Faddeev 512 & A% » WGBS £ 3 RHELFIBE O 508172 Zi2 & > TiThbi, 3He X
SH, “He i FEEOAIEC= RN X —IZH LT, 3B R THEE keV, 4B R THK MeV D]
IR % 5.2 2 3D ERLETH D Z BRI TS, £72, B - B
FEELICIRBWN TR, SRMEBGELIT AT R AR /I RE 72 £ O ELHMIE 25 P RE R SEIIC 38 1T 5 IR
B DB ThIv, AFBL O XX —NE L RHICON TR OEEMERH 5T
20205 [42, 43],"% T T E THRARLFAEOE —JHBFHE TIL, AGERREBIC oW Tk
ANX =TT TREBEELROOND 2O, FFEYEEZFE LY, BOEABEOK
JRRHRREICHWD Z ERTE D, BIEOBRNEAMORISIATIZ, T Y& 5 D
WOREZBRELRTUTFHYE N S K FOERFBERE 2 HI LRV LA LI
72olz (K287, BHIRICBTLT VI NVI)DEMERRLT-D, EHICEVWEEZEAR
SR DFERBIFES LTV D, L LR L, WEFZ2BA T EEEROIRFEOH i

22 ZTHRERDOSINE G 2B ZRINCOV TR, S 3 B TR EWICHNEENL TW T, 3 TH
DIEFE D 2 BFRIOMEAEM & LT T F RSB A R BRI FET o126 TWD, Tl
B, FEERECO 2 B AN EREATEFEMINTOARNE I, 3 TRLVIESHTHERATO 3 %
Thb, FERLS DR TWRY, BIRMRMICIE, 2L 2B EOnE %2 HBlT 5700, BllllshTn
S EOBRRERMNT 27201003, MEHTRAMCEH ZHRIBBETHD LEZ DN TV S,



2.8 Bz HL

BIEHRCIL, 7 =V IR A DEEFR TITRL 3 A 12k L CRRBME D 7212 Al B D E#a
WOVERDHY | FHHEERECL TS, 7Y —rBEEEr Tk BABEERE LR
WAL, A T NVEDGOIGC L5 FRIATFIERER S L3, TNHDFIETIE, #1
B 12 BED p i O - E THRGHAMTbRTBY ., 2L DEEEF TS, %
7oy KR T T AL —1ETIE, 190,40Ca, ONi 2 &, BT OUE O % O EFR S
TORNTVWAFELH Y, 4%, ILRIZFBELIHFFEIND, DT, BBRERE LRV
BRLCIE, JFEEBUS TR~ IS Shu, A & SUS DR — MR H 2589 T
W5 [44],

gl & e T, BLEMEICES SHAEHEEMZ MW FEOFRRICOWTIR~%, HH
ZEMCHRD bNTES) (FEDOKET)) 1. —MICEIRER TRV R 2 R0 0, FEEHEC o
WR) B BRI O 12, BEERZERIC S WIEB R 2 B O RIX R 5T, O E T RN
SHWV, BMWFIOMEE, 2= U —4H (Lee- iR [45] 7o Ll L b | WBLRE AL
IR D RN D, BAZEIICED AT Z LIk Y, bEb BRI H o TRV FR 255
DAL NEHR SIS, ZDXH572Y 7 M (BOEBREK S EZBV AT Z LItk >T
Boni) A ERVIRIRE., EEMECOMWRIZEERDR VR T, BRERE
L 72V VgAY C ik, B2k 2 FHR O NURMEDS A D% ) & B W T2 G 1R & Bl LT
FHHICE L 2D, —F, BRUGEHRTOW IR, BLEMZ N GEH Sh-EHR G 1T8ADE
NERNT, Ry ) OPAERC =481 72 E DR 2 BERFIEE L TR =7,
WAL SOSHANC B2 2 & T, — DR EZRET TN 5 [46],

FLE (AN)KRLAFZIZLD LT EINA R EFRIE (NA3—1%) OFFEOBIRIZS
WT, Z 2T izt TR <, ETiliR7Z X572 @IS NTO) ifEE, A Ly
RREGDTAAHA~LIIRT D LI L0, IS b N ZIcES3< &P
OAWHR PO MR Z B+ B TENR LWV, 20X ) RILEZED S ETO
REREEEZ, NA e U ELERBEE LW 2 DICHKELT — Z DIERBR SN TNWDHZ & T
D, T, BEMEDBEAOBECB T, BERERT —Z0ERMEFITELZ L
LITHIBTH D, A LU VRRAZFLHH oA N OBRT 5 HAEMICEN S
MR EREIREDNT A =257 L—"HBEEZTRNY RO DT 0, N R—EDH
VIR NER R E DT — L RO ER A A GO T, £ I bLRENICNA Xa v
BrHEEROERESIEH L, BLENKNIENA o 20 R ICIRET 2R A2 b2 S
NTWan, REEERERETTHD, ZONWIX, LA, K1 QCDIZLE A1
VRT U NOERR, BREEOBIMNT — Z IOV TIARERHE [47] L7225 TSk



2.8 Bz HL

EOWNERE DAL & L HBRICBEEL TR Y | AR ORENREP TSN 50U TH 5,

B USRI —ER

PR VE IR OB EER O RED T —~ E LT, 7 T A —HED L H ek
F v I REEDOMREZET DN TE D, IbIZ, P HEBICAHERN 28R THD —
BLFHERL D R ROWHRE W o 7o, IIEHERY A RO b b REREIRSE - T 2 BLEI4
R LTI, RERIBR SN CE AL YGEO RN H 5, H—FHHENRHATIECL - T
WZ LT FARAZ—ERED XY F v 7 REEEEFTLRTE 0%, R&ERA—FSF
07 VAR TS, 2R OIE, BUENRE NI RMEICRW R 27 ZFF 27 0HIC
RN EEL L, Biflize —hr FIRBIEEORE (A L—& —1T8IX) Tk OB Z Y
Wz 72N, BIRD X 912 Lee-8dAREHUT L D HE )% o, B RGE LRV Vg R o
(BRIZE R DS ECEICHFEICER STV ) IKBWThH, 7 7R —HENHETHD L
PNDHREOTZ RN F =2 MLOTLBRITIIHI L TEHT, ZORETMHIh T
W, 207, THETOEL OB T, ZORIaT7 OER L O H-ZON
BEFN R 2 T2 S BTHE D IAATE . K0 BT WAL ) & s RIC W T & 7,

75 AB—=D XD, BMLHBE LWL OO 32 RIE LG 2+ 51
X BrEaa— N AT ATRRT D2OPRNTHD, LPrLeRb, ZOHRERAZER
EHHEICERTHOBEE L, DT, BIENEE ) ZRRZERICIT D% ))~L | Lee-#

KREBD X DB~y B 7T 50T, BAOKR a7 0BT 5 X 5 78y 8
Gimiea =2 ) —EREEATINERH D, ZDOXIBRBZXFICHESIL, FAYTH
ELoObba=4 UMBRE kX, v—h VAT R LRI 2 3K ) O % 7T
REE L. IRAVWEREERDZ 7 27 —HEE R TEDBMEIZE A EHE—DFIETH D,
L LZED2=F Y —ZHiE, EFROBHRICLY —BNICEEHERLOTIERL, &5
W2, =X V—FRINTNIN =T 0% 89 HERBEFOEE - TRIT B2 T
b, FHCZOT U Y VHBEOESICE L I EERBORMBIEZSI LTS, 2O X IC,
BRI ) W27 7 A 2 —HIREE ORI, HUGR OB EE Ch 5, FKRFIC,
ETOREEADRRESNEZTH, NIV =T OITFIER DGR A Sl 7R 2
LT D,

FloPPEFREZICBN TR, PR OEM L LB FERED L DRy FAHZ— -
Ve VR EREDIONEHLMCTHZ EAYEOBREE LTEETHY ., &bIT, K1
KD SRR Ty = WV MBS 2 556 T b L IEIRIBIZILY 7 X 7 —HiE R Bl



2.8 Bz HL

-25 " T T -25 " T
4 +
He(0") Nghe=2 .He(O )
26 26 ¢° Ngpey=2
——B(3 =
B(3") < o7 ) 1s erf , Nsher=3
s > Noa 12 Nehei=4
e EOW Y i I " N
< 22c0% w 28 4 = " ¢ Nghe=5
w — " Nshei=4 p L, ¢
Nshen=2 o9 [ T Vv -29 fam* et
Nghel=3; Nsher=5 -30 | | |
3 i -30 ‘ L L L 0 50 100 150
100 £ 'shell = 10 20 30 40 50

Lo . Energy variance (MeVz)
MCSM basis dimension

X 2.8.8 (£K) T2T IR & V725 —FEEHRIC X 5O = R L — DX
YTl RRDE T VARG, N RV —S0UT K D AMEA D <
DRIE, RBRO M, Nspey 1M ZERORE SE/RT, UK [6] 2, (PRK) £
T ANV EEIUEHRIC K D = R F — L RER OB, UG E LTAY UL 4[FED
KRR (07) &R d, ABRITEESM, (A1) PaeB oBlizshis Lz SRR & 5 =X)L
X =D, TRAX =3B 0 DL ZAHIH D HEKE DY U RIVTEEME R T,

HAMREMED BV . FE— I RBERI DR KD LTV D,

NS OEREETE BRI, BRB AW U CHEEERER L RS h D, R, hiiRiE
RIIPIRIBIZ 7 T A2 —HEEDTIET DRI TL, 2D DIRFED & F S 2B
RIZAAFIINCHEBEE G200 EBMbNG, ZD72HIz, FhEREO A7 b3
il % 8 % 7= IR IR 2 RS I D 5 MEER 5, T D DIRBE B SUE DBLR D B K%
ICHD 5 7z iz, HEHREREL T v R UFEA (CDCC) IR LN KD 7 )v—7 % il
RSN TE R, Z0 CDCC X, Jed Faddeev FRERD & 9 122 ir ikt 52 5
HDTIERVD, 7 FAZ T DL RS EIY D & ZITIEIEFIT RUEE T
INBIRE IR T 5 Z ENARETH D, S DT, IFETIHIERICRE Bz L 528
A& 220 | BEBUSOHT 24T H AL L LU QIR ISR E OB WM SRITH 5,

Flo, BELLI FRAZ—DO—HBRE— A « BN TBAITT 2 XL 2 REZ BTG
EELTHRY EFbnsd, LaL, BIEBCEBOTHARENTIE., HEERGBERLE LTO
FRATKGFREEIARA DR b ORH 0, SHOHEE « LESNETH D,

W RERR

P20 225 L2 E 0BV AT, BIEMIAIER Lo % — R EE I R
L7272, JAFRIBIEI A & S LB BRI K DR AAEIUR L LTH T D3, =
DOEITIE, S FREBBE R OFREE 2T 5,

JEFROBBREI A CIX, £, BFSRRE ML b oML, N RBNOAN LY

200



2.8 Bz HL

ARG DN BT D, NV A OB E . Y 552 TOLHRFRLE &2 KB §
DAL —ZITHIA (BN OMERERICL o TR T2 Z LI12 k0, BE LRIz D fid
PIRE Z BRI AN EREDHALZ T RE T2, N AFENDOANL U A DT
TORNLTEDID B~V FERZBRRIZERH] & RS, W 1 BREa v zgke ey, i
RIZEM A B DR EIX, A AERABERIC L o T, S LU AR OB AAEM IR Y
REND, ZOFECEY ., ABAEORFEDIERT RNV F — AT M EREER S 5313
LHZENTE, Hr<vBolicko THELRERET XL — BBMER, BMKERRED
SEOERE & | IRFRE R CREIC R 5 Z e N TE MR TFIETHY . AH
PEIZFE L SN TV D, Eio, BERIIC S AEHEMEH OREELC EBIEIC X 2 BIEGRIHTIE
BT, EBREBRO AZHMTTTATEZFETH B,

ZOBANZIE, FIC 2 SOBENRBIRS S D, —2ik, BAEIZEM OB TH
0. PEMEER IR TREANIN =T UATHIORITES 1010 2252 BB LL A
VY, B Z OITFIOEERHIE T v F a REE W TR I kbhv, BEOWSIFHEME S A
WTH 101 RORRENRA L 725, A4 OFFMEORIEEIMET D & 10 F&kiCiTB X2 101
WILDNINV R =T ATHIRRHALFTRE L 72 23, B 4L 100 % 8 2 5 EAESEIR O il 1154k
WEEFATDICEARA S THY, RALDPOEOELBALEL 25, IF I ERFIENRAL
HIVTWVAN, HARTITE YT UV @ ANEIC X0 EEsHALORRR 288 2 7233170
TS (48], D & 5 2222 ] DFRE BB BT X 2 BRI PATR & RUE L 72\ Vigdbi iy
X DR RIC OV T AR T, R EIET 23 & & HITE T UL m gl
BERAWTZAER, FEHREZTEH Lz HPCI I Br o —E & LT OIREI ik 23 4EE
MOIRE - TS, (1M 2.8.8) A% 10 FECHMFIEZ &, IR TFEDS HARDFIES A E
o, FHEBEORE L WA e U, SRR O HIH 2 K& AT Tn EHiffEn S,

b 5 — O OHIBIIE N EAEM IR T 2BLMIMIETH 5, B FHOBEINLHIELT
FRIZENIC BT D A AIEH 2R 5 O BB TIEdH 528, BIEDHZRERE LTkt
BIFHRTIXZ DX 5 RBEICEL TRV, ZOIKIC 3 K1) DR RCHEFHIRTE & DOFEA 2
B2, TNOOHFGDOERMZFMIPIEE > TWD, TERBRALDND =4 Y —§
RIBERL 715 (UMOA) SR NAREIFES V) = ik (IM-SRG) 72 & A RMH EAEH Bz D%
JBEMABEDIDZ LIZED ., BIGGRMNAIEZ LI L LRRWERIM AIER OREEE &\ 5 Bl
WS TN TH A9,

B ZENBE%



2.8 Bz HL

BENEEEGIL, BE oW EONLEEOFEEEL (Hohenberg-Kohn) & S ML
B O Z FREIZ T 5 Kohn-Sham D HIEIZ L - THEMBSITF OB TH 5, JHHEEIC
W, & DFEJE D SRR D D RS & S REEN D 23, S FEED SV T IRRHE Cd
LEFPEZ BT 5720, BMEKREAIEIBLETHY | BENEBENRR & F—0 b
DEZZTE, BEPBEBEHGRDRKE REHEO—o L LT, FEDK F#% (HEER) %

W AR TIERL, TRTOFFAEEUFEN»OERMICTER T2 LBAETHDLZ L
BHIT o5 [49)]

Z O E N 2B B D AR IIRE ST D, Ly LEBITE 5 Z D72
W Z R T 200FEH TR, BABRINETRICLELDEFTRTELNTH Y,
Kohn-Sham ® FiEIZHESL D TH S, Kohn-Sham L, EHZ XL F—IZBIT5EF
R Z 5 E<KD AL AF —2 %2 52 TEY | FERMICIXEESEGICELE L2 B C MR
EieIER R L 725, FRC, EREREBIZBOWTH 7 o VI EBNEEREHEZHS 7 =
VTR FERRITH LTk, Kohn-Sham & % — A S < LB ORERIENTBAED & 2 5
FEME— D FIEE VWO TRWTHA 9,

BIE, REROEEEZ EE 1 MeV BLFORETHIT HIBEENHE SN TWDE R, 2D
K% S bl EX w2 RITRE /1M Thbh T 5 [50), BRIZOWTE 2, PABEANL
DA% & BIRENL DJR 112 & DB EDORMAIIR 72, FEE DI 2SI T DRk MHE (1
RIEN=ZBDY 47—+ 2XVF—), WL AZEORFHEDOENR &R KRR TH
5, ZhbDOMEIX, BUED TR AXF—IBEEICH S NI KRIT T BB EEZ R LT
DN, ZFOWYIABDFIEIZHOWTUIEL L DIFFER & D, REMIR S DR EZBN TH R
VY, RV INT T LB D EGEAIC T 7B 72 AR R D H TR Y | B REE A &
AOCTIHBEROEEZRZT 52 E, thoT 7 u—FI2 X 5 KEBEEGERR & OEFPFES
HEH BTV [5,

W OBENEEEE I, —REBE p(F) BnEEREZRBTH0T, FFEEFEZVED
M3 DA —F =12+ 5, 2T, M IiE—h IREZ LRI 2 M okot, HE A
LT MIFEOWEWBIBIEFT 5 E B2 TIVWO T, FHREIIEREEICK LT A3 T8
T 5, BHOSRL RO FIIFOFRE L BT, EENIZD S0k 5k
ThHYH, TNHRERFFEEZR D Z 2RI LT D, HEPLBEEENR Z 285 O
#5 (Kohn-Sham-Bogoliubov) 1Zxt L ik, IWHZR T 7 7 LA 655 - A I TEY
INEHWT, JRAZEERBOEE  EREL RO, BREMWBRELERERETDHZLBT
ERAR 2.8.9 1%, HEEREOLTITHERIFRIEZ (E L7z HFBTHO &FEEN D A= — R



2.8 Bz HL

100 _ .......... T .......... " §: ’_ ® <02
L = : : : ; P oul R o 02+ 01
0.1+ +H.1
+0.1 +40.2
402+ 403
@ +03++40.4

@ >+404

Proton Number

L4
HFB+THO+LN+PNP || . .-

I : I I 1 1 1 L 1
0 20 40 60 80 100 120 140 160 130
Neutron Number

2.8.9 WM =— FHFBTHO %\ =B B0 M EMAEIZE f(_LoSxn) & ik
Iy B RV X — Sop, (BAEDOHATIZ MeV) ( F D8R V) (SCHR [63] L0 51H)

R B B LA A DR EHRSICH 5, HFBTHO IERFES) 1~ LK 2 Vv T 523,
HFHRIE & OFEAPIRE LV EfMICH > LTIV ERZEEFEETOa— FIBbEAT
W5 [51, 52, 53],

IREMR A7 B LB B AR 2 253 < MR RHRLIT, BOREUECTH o & b K& SHEATEHFZE
S D—D>Th B [54, 55, 56, 57, 58, 59, HAR L WCKDEED 7' V—T 53, £ Lz SEEIR
T EOBRIBINEFH R A FTREICT 23R 2 — FBRIC LOEZHIY . W< 2o a— RpBEIC
FER L TW5, W@ ORBISEFRCTIX, MO OFHEE M OXAE Y FESKLEL S,
— DDA REDISEZRRD DI, —HarTREOCT v ¥ & A0 KRB SIFHL AT
bh T, LHL, BGTENTHRE S W ARIRIEE [51] T, M3 OFRE M2 D 2E



2.8 Bz HL

HERT ' e T
6 7 8 9101112131415 0 5 10 15 20
Log Density [g cm'3] Entropy [kB/baryon]

400
300
200
50 L L L L L . ]
C Shen EOS v ]
1 — - . 4
) 2 F Hpeonpos VoV
= - cron ~ - i
£ o = - yp o ]
i s YF ;
-100 g r .
0] r 4
S 20F 3
-200 s ¥ ]
© wf ;
-300 ) ]
0 :-| PR TR TR SR NN TN TN SR TR NN TR N N S
-400 0.0 0.5 1.0 1.5
400 300 200 100 0 100 200 300 400
R [km] R [km] time after bounce [sec]

X 2.8.10 (£X) 2 woe (EhxIFR) OBBFEEMES I 2V —va L ITBIT BB OH %
HBE -z bt —0hT—~y 7 TRLE, ERLEEE OMASDET=2— 1Y
JMBDOHIERSHNY | a7 NNy 2O RWVKHZ R THLIBRICELHEMIN RIS
7o (9] M, BUIMEIHERKEM,) (AX) REEEOENBHENLT T v 7 HF—
KELETIHHINDE =2— ) ) OFEHZINLF —DORME(LE R Lz, B T9E
(Shen EOS) & A Xu U BAYE (Hyperon EOS) DOIREHERAEZHWEZEMEI I =
L—3a Tk, ==2— MY ORMERIC R & 2EWARH Y, B L D oa R
VHBlE S — T TE NSRS D, (64 B, )

Y CRl—DFHENARETH D, Z DFIEDOENNEE A0 LT R 722 6 mHRE O 3R A
BEREI T CTH 5 [60, 61, 62,

2.8.2.3 XK&hE

Jx—7 «nBRur . FAEICRTDFRTFEOREL & bIT, MBI & 15 )
L7z RiE - FHDBELE O~ OB A BEHR DO 5, Bl - JUSICB T 5 —HL
TR A DRESLIZ, By 730« BOEEAL - BB RIETOILREKIERRICEBNTHEE 257
FRET — F DEGHCER > T D, e, B HEEED ORD DT h b HFE LT
THARBFRIC X DR EDRIE SRR OO M7 [65] R, il EICB T 25 QCD &
PEDBEK [66] 12, HHETRNESCHBTEL AT I T AR Z LICER->TVD, RIESFE



2.8 Bz HL

IR HMEIREIL, hrE R - SEE - SR EERTITET 2 2 LD TERUVMH
WTHY ., BHOIRFEERT — Z SO TOBE L ERREHR TR X D BRB R 272
o TOEKITI A —7 Ky JAFENSREIRNA T —VIZES,

T B IR IRLR LI 31T B IR A BE S AL () 22 8 2 e - DR ER TH D &
L BT, RIEEWIIZE T HREBMBRRMRAE T O H 5, BHEERIT. KREEEDE(L
DEINCEZ 2BREARLTHY, T TEIHIMETFR - 7T v 7 R—ANHAEL, EILEGHK
PIThOI, WENEEMDL SN TROZOFAEDILE 720 | R EWEOMELD KL 2o
T3, FHYHZORERERFETHY . 4 0FEULITES EVMOZILIZ D 50782 b
0o BT, BUETHIEIE A T =X LOEIHIZIEE > TV,

RIFRTh DAL, BIREBICBIT DI =2— ) VWA 5252 EBEEL W
Tl BRUOEHEY I 2 b—2a URFEFICRBER b D L7225 L5 MmO REEIC
AT CITERT R 2 72T 2 miim#E E CORBHENX [67] S==— R /&, & T
3WILZEMNC I B — At « WAKS)F » == — b U A - ERREEZ MG DT
TRARAPHETH S [68], BV I 2l —va il TRBREFHT L Z LIET TR
<, BUHNTKE U THYEFEBRAET 2870, BHE==— 1Y J O, /&5 THEBIC
BHSNEWEDETA T I T AT HZERNFETHD, T 5 LEEEIZIE, T2
HOBWHE « =%V F v 7 WHEOMNRL, LG HOIREE TRE T 25 AW ERERTHIC 72 2 it
THREDOEE « BPUST — 2 2T 2 NER D 5, ITEOI R - BFmotEREs X UG
RSB ORRIIOIE L, LM EMRT 2EDOVICBNT, FSHREWIITRE 2
Bl Rl U, BHR QBRI REMNT 2EODICHRL TE 7,

FTH 199 0FEMRIVEULEINRETZRRE T HIRLER Y —LERIZE Y, FH
WEICB T AT — A AP RESER LI LIXRETRETH D, REMD LBENT-H
BCARZEMDE R « 288« SUR DR R ME D 72 S, Pk R 72 3858 T ORI
HAEM - Bt - DUSRICOWTOBMNHEATS, EBRE S LI FREIZ2 W E O RE
FRERRPLRLERICRIT DEMUG L — b e E OB IHICIThh, B ERICX
5 L7e U AT T & o, REEMT —# BPEFA - BFR - JoRE RO
WCBWTRETHEEDH SR Y | A BERFH « 2 CIRHT 280 B ENICES
iz, £z, KEK ¥ BNL FIZBWTTONTE R b Ly VR A JFUFEEEBRFIE O IE

XY, PEFR a7 EORBEFBICRT 50 e CHBUCOWTERT — ZI12kE3<
WM FIHE & R0 T&ETze NA N—ERR K W FREICOWTEER - BFRS /) L THFZEA
A, ATOWTIER EUARTEAH EAEH £ TRE BRI ThbiLd & &b, A DS OR 1



2.8 Bz HL

WKOWTHBWET TORT VU Y VOREBH LMY 2o H D, BIE, B EHERIC
B 55XV F v 7 WEHBOWEIL L Y ER&NZRER~ SR, REBLICEN T
F o 7 HBERBFAETH HZ EBRINTND [64, 69],

—J, BEFRAFTE X, BHEBEMERROm E L &bz, DANXBLEN TR - 2R 1%
KR DO F— R EH A TR & R oTc, B—JRHFRICL 2 F2R~DT Fr—
F 39, 70, 71], BHHNC X B KRIEEHIC X DRSS SUS O [72]. HAAEE 2 1K8E
AT X DR BRI YE D BE (73] DA HEA . RIKEMEEA~DIEHBBLERN RS D & 72> T
%, BEWMEEE CERGRREET) 12X 2K Lo IRHPH 22 7k o RF 72 1
W (60, 82] iX. r TR ERILEEREND & DIEFAIITCHEEHIBEDOMIIZEER LiAD T
W5, BEWRTFEOBRTMHE - o =a— M) VKSR EDKISHEFHR B FREL 2D,
BT — 2 0t E 8 U CREEYEICERL T\ 5, REERSCE - SRBERORIE L &b
W« AR BT SR SR Thh, BRI I —rva VNS
WEFBRXT — 57— T AL [67) ~E BB - T D, ) LEMEMNTERZ I A7k
BRI A 2 RIEEEY I 2 L—y a VIO B, BIRE S EWE O R 73280
ERMCHERSND LD IChot, BERASNE 2 BOKBE L b oPHET2 [47) 13,
BrUSon~ e HRELZZE LIEEROIREBABRNDOZ 2FH L, 2 EMEIC
BWCHTLIREL 2D 225D BIKIJEDLIK ) A X SECHIR L THE R DN
PEERLTEY, SBROERBHIFIEND, EDIT, 74 —7 « N Fa U YBOWFFERR D
e OB R COBRICEBEEHN S NS L 512720, RIEBLIHIN S QCD M2 5
E S HEIZ R0 Do d 5 [T4],

oI, REEML Iab—varOREBDIE LY, ZXER EORTREOEE i
S, OGS R Yy MU — 7 OFFFEIZBEE I ATbRD L5127 | lx QRS DR
R0, RHEA 2 HELE TR OLENERMITHRIND X 5127 TE i, —MxtHmzE iy
Falb—va itk Vs> 2&T, FHFEERST 7 v 7 R—ABROFR b AL 72
v RIEF A E I RIETRERMIH SN TN D [75], BRI A 1 = X L i
Iz, ERO XS/ oNTIT A » == — b U 2 B A TN D A A 72 RBIFL 22 B
VIial—va ryRRETHD, TETIEEHEBERE DO EIC XY | BRFROFMHE T —
HXFRObH & TC=ma— MY VENREFR TR D X9k ¥4 FI7 A& LT
BB A 2T 0 Z EMARRICR > TE 72, WL OFEM R REES FTHEIC /e - T&
2 [76]. HAZEGLUROKI N —FOFFERKERIC LY | BRT — & THRIES WHIPETO
BEE vz BT, BREFREFR CIBER LW, EWD TR TE R, 20k, fi



2.8 Bz HL

YHERTO ﬁ hA S IViTF % &
#7 QD HE (] #o1RT QCDHE |

BT QCDEEIC LS
8EIENY A VMEER

BFQCDICLD |
TP BEHFR

N A=t ORE |

ToRUEETD || sd RITEETO |
wERED | mEmen
ﬁﬁmrﬁgn%ﬁﬂm\;‘Bﬁ@ﬁ%wﬁmmﬂ%&
LESCHRPAENE | oZEAEN

HVIELC & BRI 28R AT RSP
ANZXLORE | ENEERORE

2.8.11 FHAMYHTREROME L LTI &MEDOZ A LT A LV ERT,

BRABRMLTD5=2— Y 2INBE WS B RITINZ T, ZRITMZRE GRIERL EMER
E) DBEAN=ALEL LTRETHEEBEZX LTS 9, LaL, 2%IE3KIETIE,
RBIBEHRIC L 2V I a2 b—va URERIT—1R2Y LR < BT A I = X AITFEHRICH
TWb, £/, =a— b Y 2 EHEEZE OB XTI 72 FIEITEK - TWT, RS2 IR
FOEBRIDRN= 2 — b Y BERRIAFHRIC & DR R T 2,

2.8.3 S&5~10FDORICHICHET ERXEBRORMEDORE

ZD 283 iR L OKRD 2.8.4 i TIE, FERICHTZ > TOHARDFHEAEWHE ORISRt Te S5
FHZ DWW LIEARICOW TG T2, 32O Tk, I VRE (5~10 FE#
FREE) 12 DWW T, KRICHERET 2 _RE HARDEWELORRE & U TEHEIT b8 % 4 DD/hX
STH3T TRT,

5~10 FERREDORFFFFROFHI & LTIk, WIAKREEHEE GUEa v va—4%) ol
HBRIC E > TR STV BHFZER, & DI D (R 1HR) o KEIGHEMEF A %2 7



2.8 Bz HL

ZITEBNEECAE > THY [77). 22 ORTHRELZR D L BER- TN b DI H B 7,
TS T LS DR BEEOTHIICH & bR, B AR OREICE LT, 3
BWG & L CHERE L7\ R 2550 5,

28.3.1 BUWRERFELIA—T - TIL—F2DAEMLLNZLTRIGNADMN?

BURIIHT TR L2 L 912, 7 QCD #HEIZ., 2 E TOERICH — /N Fa O %%t
LLTDHUEND, BEDO N R CHOHAEEMNR, £V ol Fur DEEROWE %
BEEEEHNE D LT HRRICASTETVS, ZD X5 2RHROBDRZ T 2FREDO O
EON, NV YULRFEREDBNREAEE, 74— « TNV—F DI EESIN TN
WA HED 0, AT 52 L THD, BUERRIITON TV AIENRL THT DL, 20D
EIE RO TFEREDNDTH A I,

V&, HE o) U AR E BOWE AR QCD FHA CEEMRT 2 5
EThH D, BURIHI TR LIz L 212, 2010 FFHE K7 V— 71k, ‘He LB DO# - QCD
W X D EERERIC IR THO TR LTS [27], ZOFHHEIER, 7 =Tl @07 +—
7 # AT 5IEE) BHWSE, HhOoEWI +— 7 HETITbAL TS, £DH, %9
Wo tHELIZRR D EPERZITo TS ZENERIBREELHRTHZ ENTER
W, 10T, BIENR (KVBW) 73— HETOT7V QCDEHEEZFEITL, ThbD%k
MEAEZY RO TV ZENEETH I AROFRENYFEILTND, B, ZOHIET
JRF8E % EHERE T D 72 D121, RS 2 R &EH1 QCD IChrA DR & 5, ABUARED
FOPZBIIFAEMZTTS 2K AR CIAD N TV DA, dHRRIETH - THEELIR
BTHOTHHADTRNF =T FEELD, MAEZXNTLHDIE, =RXLF—T T FD
ZEWBTRANETH Do RFIRIEDH A ITAD T RN X — 7 b P22 WAFE R K ORI T
HbAROMETHEL D, BELREBOLGA X=XV X — 7 MBRZEREREOSEICHEI L, 22M
RFEIEMR RO TIHA L TLE 5, HHELIRTIE & HELIR B & X R 3 5 72 DI 134 W IARE K A7
PEEFRRTNE RO T, ZOREHDFHE X MIKREW, ZOMEIERZ X Fr—rinbx
I YR — VN EFFEMORDPERKL TN Z LI TR LTV & THRENS,

H IO DDHEX, BIORT v VvEK - QCD RN LB EH L, TORT Uy
M X BVELERMEEMRL LW D TH D, BUEE TIATON TV AR TIL, BlEX
DY T 4+ — 7 HEPEWIRTO, BNV T 4 OHLNEBIRT U VRT3 % VDS
LITWD, ZOBORT ¥ Mid, ERBEDOSD LY WG ERoTEY, K
AV ZEETF ¥ XNV TOER FOAFERREBIIA L TORY, 2E L, u,d 7 +— 7T



2.8 Bz HL

FHEIVHENT +—VHEFEENOHRAICES LT &, 2RI TR LR
AT X VOB IR 2L 2o T Z /R LTV D, FHC, JRFEEEZIESE 25
TEDIZRPERNEEBEZONTWAT U I NVIIS T +— 7 BEOWD L & BT 72> T
HEMARZTEY ., WWFERISIEBIED 7 4+ — 7 B E AWk QCD #HEBM Thihh
I, BB FEBBITEOBIRT oy BB ONDDTIIRWNE W HIfFREE > T
5, B FICE EEDHT, tHe e &, XV HEEEOKE RIFFEOWE % T3 5 72 DITiE,
SRR TAYT A IREBOT), LVDITAE Y s WENRT Uy AR EBRLNRITH
ER LRV, BHET TIZZ )W o NIRRT v v VDO EEE Yy & BIRKIC E 9o T
1 QCD BHHEM B 5| & HEIZE WD O ZERER Lo>2H 5,

2.8.3.2 EFHOEEKRESLUBEREOE—REHE

BfaAARMES LR ABERKISE BRI L L5 L3R AT, X
JERZOWTIE 3 FB LT A FRET, MEBEICOWTIT 12 BRBREE THRRATH 5,
o TENLVHERDRE RIFEBIENIET 52 720I2iE, B FHREL A RZ2ERIZR
WTHSTED LR FLEIITHENE I FITHI DTIERL ., FEFLRTHDICEIVELE
HHEZFFORMEZEA L TR FEEZTLRT A ENNEL 25, H—RBEHE & BIRIEHR
B & BICANREN RO T BE DI CHAE DA EZFITT 22 Lid, HEKOWINE
EBHICREFLRT DDA ENRARERED LI IZEHNDINEHMHE L, Z DK S 72458
DB T 2 G2 572012, LERRETH D, FRMICIE, BEWNBEEFFEIZ OV T,
HW\TA Y F—7HHEDORY) v FF5A4 02 TETEHLIRBEEON EZHFT,

B VSR —2ETCHEREBOE—REHE

FHOECICRIT B TRA K Z EICEET B 7 DITIE, J AR Y BT PR % e AR
JFHAOEEHT I ENEETH D, BEMIIE, EENE TOKEDBREEN SH~Y 7 L2
ELN L3R (CNO A 7 W) Ik o Tk, REDIFAEPLETH D, By I NVEZDRK
FBIEE A ETFELRORRN S, CNO A Z VR THE L R D EENFLET HE TIZ, 3o
DRI &> TREDKBICERSNIZ EE X BN TN 5, Hoyle IREEL RTINS 12C DfE)
FRTEDS SBet-a MIEAHEICAAET D L TE S, ERMICITASOD>TWV5E, LA LRSS
5, ZOREEE - 12K0ROFAFI 7 AL LTHEHRMICES T LI12iX, EEKRILT
W, B AR AR RE L LS —EERIZB VT, 20 Hoyle IRIEZ EMEIEHT 5
Z XX, OB EEGE E EMEICEMR L, JTRA T OB ORI fe K A AR L A -



2.8 Bz HL

25T, EWICEERRE THDH, A—N—a s Pa—F &2 LIk TCZoMES
R L E D & LTV AHFIENBEICREINDEBEICA-TEY, Z ORI, BEICHEES
D EBRDBLNLTWD,

B ZEAESERICK D RENLISEEREHE

2.8.2.2 i TR~ L 91T, BMENEMKBEFROMAD 21X, FFEDK 1% (HRFER) %
R 2EATIE R, TRTO A ERMICERTE S L ThHDH, ZOMARLAMR
RIEYE 51 IS X B 2 X N OHIRZ AT 2 & T, BEREEEICIE > TORMMRFHEL
ARETH D,

BEIZ, Kohn-Sham(-Bogoliubov) L~/LCO SJEIRIBIZ KT 5 RAFFHRIL IS DFEAEC
%Y o2H Y, A%IiE. Kohn-Sham (CEEE) LA &R ZAHBZELD A D JTFa~0
PR & FhECRECHA IR FEIR R EDOF A F I 7 A %W D FI~DOILES F L7 b Ly
RIZ25ThHA 9, HNTIX, 09 BbBEFICBWDTHRAMICIER ENTZHEINS DD H
V. 5% SFERETRERBESYGFEIND, BARNNITIT, W MR AR EE LB EEERR I3
% KR T 7 o —F [91, 84, 85]. 7'V — L BEE IV CHlGRIR AR & s 1S D SLAERL AR TRl
PEE (86, 91]. AMRMRISEEZFIHT 2 2 & TR « AE Y &2 KIBICHIR L 72 IS &Gt
B[51, 61). 2 {RESEE F CHLIRE SN2 ELMEN AT LGS [87) R EMNH YV . ThETHHEE H
FTTW5b, Zohns, PHa— R, HEVITERL—F R EBRABEND b ORIV
KEns & rsns,

Flo, SHOITHFREINEL T, B - PHEARE 2 ED AN 728 BB SO & 2 hic ik
DLEAT I ADFHTIC L o T, MEBITLIER - ==2— M) /USRECKHLTED
WAEBEORWERNTRRIC R D, Z0 X5 RAGROILIRIZIB VT S ENOWFIE S L — 1%
FEN AR EREZLTEY , EWVIRRIZBWT, RLEMICBIT 2% F v 7 22
T— ROTE « T, RHEAZIEDE DD TSI DRSO RHEA 72 EE Ofif B 72 £ 53
Wrish s, £z, ERTIEIEARWVEEROFFZICH LTHERNRTEE 5252 &N
T& 5o, IWEEEICET2EHHET — 2 28 L, tRARBERREY I 21—
OB DA Ty Ve b x5 L b EERBETH D,

2.8.3.3 EEEZFE QCD D& - KEAERXDHEILA
BEMEOR VB BERTIE, TTIREISHEENTVWDERAZ v H— RBL7 3 — 7 1EA
DOFEITINZ T, DAY B 32— EH CORREEEIROFENRTTOLNL Y E L



2.8 Bz HL

PIECERD B

DN

RANAT ERASNST FRASrS) CRANNGT CRAgre) CEARre] Cragnes
A D N K

s s s s s s

~ Ne

S
N A
o o o o hEo . v |Fo v ST
' c e ﬁc ITT [ B
e e T e e e
yematia I AA . 0 Be
e e e
£ ab, He

R 2.8.12 SRS BT B A BRIRIE 2 O e R FE, L% — LB
SKM*% JH TV 5, (SR [90] & Y 31H)

TV, 5%IE. 2022507 +—7 OESRUIC L DFREREHBR LR OEHREZED | K1
QCD BHROBHARAEDTHEA L 0 EE L 20 | EVWBEOEJ R (RiEFRA) OHiEs
DRSS D,

Inlz, ARBEROHAEFECELT, WAWART AT T HRBREIN TS, KKE
BIROFHTIIMEERT Vv vy MC L BT A T — B OHREE ¥ r B CEAT 5 HIENA
BT, ZOEEIE, FFEBOMREOESRICEbE TERICHFESEDL - L B S D, &
BEFEROMICE L TH, HFE5MEEZMRT 272D ORBB e Sh, VPR, EHEET
DOFENAREIC 2D Z 2 WFT 5, Zhic ko TEIEEHEE QCD OM#EEZH & i
L. e - R BRI 2 & E E RIKBIR O LB W BRI COIRE 2
ROMESTIZT DT T2\,

2834 BZBREVIAL—YIaVIZLBBEMREKRR

BT RBFEOWIEIL, 2RIERBRIGICBIT 2T I 2 b— 3 UBPIHINIED A 1 =
RALEREH O, ERMRMMHEZ B TABNRRERIZEALDOH D, £OHMIE, £TH
—IZ, BREFD b & T AR = 2 — 8 U AR &0 9 S FEERM T b
ToAER, BHOR FRMBET — 2 Db & T, BHEBRESBE 2N EBRHAL ko2 &
WDETOND, I, BHROFLE2D=a— Y IR T =X MIZ RN RTRIERL



2.8 Bz HL

EME & IRIZRIRANICE K 2 &8 2ot (hEFR) OB I 2 b —Ta U TRINTVD,
Flo, BMBRED 2Ie, 2LV b 3RICDITBIBRELEZ LT WVEW D | TR
bV, ERMBRBERD CTE DBERESRTCEEL I 2L —2a VEITIZERRHK L R-
TWd,

BEECORREIT 2BV L, ==2— Y EHEEZ TR 72D TH Y |
ZOFPAT, BREEZTEARMONTND, 3KRITICBWTIE, ==2— Y 2 OHNIZE
I LI TEY )R BADAKIROBRN O T2 Th b5, 4%, 5~
1 OFDBRBIL, ZD==— ) JHEHOENTIT DI 2 B RN T, BRFEIC R 31
BANEST T IR b o L bHEERF L 25, FRHC, FIET L (BEOHERE) < IR
RN =2 — ) VSR EDENZ X DHEZH O NCT 5 RMNRIEE S I 2 b—
varvitab, AV X ARBEEZNAHER DO LT HTDITHIERAIRTH D,

=a— Y V@@L, BHE a7 ORI E =2 — ) B IEBELLELTE
bULbe LAHL TN TEDHBITETHETD, ==a— b &k« JiH - I« #&EL
ERLRTDHDTHD, BELEOMBITIL, PLEITmE RS E T RN <, 48T
X H BHEHGT RIS VDS, BRA D =X LORERED OIXZOFMERTH L, a7 T
ATCHRAE LT ERBENMEMoRT TIEW LE S O, 20T, EH00ElLELL
BV, 20D, WhWAHRNLY v HFREREMRNT, B & MR X2 EE - HLTHR
IMENRD B,

BUEDNDEAEE TIITON A DX, SIRILTOBBFEHATHLIN, =a— b JifEH
ik 2 TR ) FIEIC L 20D TH D, WMEFHRIZ3RILTHD N, ==2— U JiEH
Wik, ray-by-ray L& W 5 B GO —RICEHR Z & FMSICAITY, T OEHDOb &
THIABREE K R b0 Les 8, BADZV—T71%, mWara—F OFRERICLY
MRAGFE A A R & o TmlHTE Y I 2 —Y a v ETo W TETH D, FDH%, —=2—
U RS B L DN, RV < FRAE EEMR L ik, ~EXWL A
Fio TV EIITH S [78, 79).

2 LIEFEBRORBIBFFEICB N THEM Y I 2 b—va VICHAIA TN DB 0N B
REEB-STND, BERFEIZEE LTHE—oDEEI I 2L —a LV LIMTHI ZENTE
BROEALHY, ZORE TR N a2 AL Z EBFETH D, ZOEKT, %
RIZHE > THRE & 72 B I AR POGFHRRC LR BIER G I K 0 . Eii S M B O R T8
FX, BAAEOE B, =2— M) JEMGRED—H LI EMELT — & 25T
L2 ENRRETH D,



2.8 Bz HL

2.8.4 5~10FH&DEE - SHICFRODEE

RIEIC I EHeE . 22Tk, HADOEWELOFRRIZBE L T, BHREMEL WG THEmShe
FEROREIZHOWT, BT TIY LT 2o lziFh Ed 5~10 ETHED 2 XS HERC, ED
HRETH LM 10 FFLU LORMMGE TR MIe~EFRER EER, 74— - TN—F %
KR, JiF#E, RISEWELOA BBV TORT,

2841 VA=V - TIL—F K%
B %F QCD I2& 3/ FOVvigEnsEt

NI URFESEICEELT INRr 1R %] OPElE LTERINZRED—D
X, ¥ QCD IZ L D FOFNZRFEEEOHELITH 5, BURTII FOEEZ RV TR
QCD FHANERMZ FHE TE TV D EIXEWVEEV, FH ROV CIpEEIZ BT
LEBATHEAN T TICRE R Z D THDDIZx LT, BR FRICBWTHY T 55
EEDERBATHI, B2 XTES B BT D WEEAT g4 ISRV TR QCD FHA 3 EBR A
EREBICHBT HICIXE - TR, ZHTkE 72 EOER FOFEN 7. K W7 3t
FUIZHARTR Y EWVMEIEEZMNE L 35 L0 ) Bl MEIE» Y T, TR 23
TV 4= BERROBEARAF L LT, TOMENEHETH S Z & LHEBICEBELTY
5 EEbhD,

FRCHIERA 2B & LT, BRSO/ O B 3R TRk L TR QCD RS EBR
EDHK) T5% FREE LAEELTE RV, EFORE SOME] BT oh5, BEMmIICIEET
il P FOEDORREEHZBEBRLTND EEZOND, EE, EraatelA 788
WCBWT, B O RN m M F O ENE L RD A T VAR TR IS
HTERAMBNTND, DFE Y ZORBOMRITIIN A T VRFRE & £ D B IR B3 K&
KHboTWb EBbind, #F LTOMBRIA TNAFELZRFFTED, T——F >
TR RN AL v I3 —NHRDOIA TGN T 2N IF L Bk QCD FHEA RS EE L
WA, EPTUAIRL DBV 4 — 2 B (r P FOET 200 MeV BAF) Tk Y K& 7222
44 R (4 fm BAE) O#F QCD FHERBERA K TH S,

BE, WS ODDIFRIN—TIZBONTHA TN T 2V IA L LY BRI MB»0 5
R, TN BN B ED X H A QCD I — VB DOERBEEE D . 7RV ITVER,
B ROPYBEEBIZBNTH, WA TAEBGRZE L OBEAEIER EbED. L0 IEHK2 R



2.8 Bz HL

EDWPARR L 2D Z RTINS, 4%, N Fe U EEOUBHZREEOT-O
W, ERCENTE 2WHEDOARERK T QCD FHAOHEMNR L THICHEL T, ATV
BEHmEZREL LAPERmO T 7o —F (QCD FHIREWY +— 7 OF MR 25
D) ICBVWT, TNETERNL LORDEZEDTE P AHERND/RT XA —F T
Lo QCD I X 2 EIERE., LV R#iZekk - QCD SHEDOIEHNEEN D, £D7
DITH, BRI A FNRBEEZREEF LT A TN T 2 VI AT, BN +—7 u,d,s
NETYEN2 7 +— 7 B ETHo72/ 1 QCD BHREBRND L ZATH D,

B #&F QCD IZ & 3R FERR~DERH

2.8.3.1 i CIIHs+ QCD FHEIZ X o THAN 2 B W ELORMWFRE L LT, WHR
BT OIRITFEOMRE 2T, ZOX57%, ~"Far 1R FROFHE I bIEE I
FHABHAENE LT R D BEEROMES O S HICEMNBEEZE 25 L, ‘He
FOBEWVE D, ¥ QCD IC X2 EEMIRART oD, T2 TEIF b D BHEL,
Jd—2 « TN—F DIPECIES BEEHOEHRTH D, 2L, 20X 57 He LV b
BEWRFEZEERR Y & ThuE, 2.8.3.1 i Tl R 72 L MATIKAEE DO RRGED 72 9 D R EET
Mz T, bI = DOREBRBETHDII 4+ —7 + FAT T T LDEEESW|D 1EB ZRIX
B, B QCD T2 #— 7552 O T O R 8% F o4k « HIRER 24
B TOMREW ST =27 « BAT 7T L%BEZ DN, BREPEL 25120 THER
D “GE O 1IXBWITIKRT D, BlxiEkE PCOGEIF w7 +—27 18, d7+—7
18 HMDAERR D DT, BMICE XL +—7 « XA T 7T L20HIL (18!)% ~ 4 x 103!
EWV) RICFNE L 72D, ZOBRREDOEAT 77 8% DX ICLTEHEATLINEN
O, QCD ZHWTIHAEEIRV B O GEDORELRRNETH D, ZORICELTIETT
N2 ZAHIZIRRT BT2DDT AT TRSETH S 3, BIZZOROBEL LTk, R
A R R EE 72 Ve il IR 72 £ &4 QCD CTHEBERVH S Z L2 HIELW,

B EFQCD MoDIFXFYFYINKFAY - [RFE (RFLUDRREETEHD) OER
B 7 QCD 2 &I E L ORI A P AN 7= BT 1L, B 7 QCD %N T ok < i 3]
HENDMESBE LT, X MU VRREGREFEOMENZT b5, ZhE T,
EROEEL I b, "X 2 EIRBO ) OWEHITH O INTRPoTeD, A% OB

*3 REIITRE 2 RBME R BE L CMSI AR 7 4 — 2« A T T DOREWLT I ERNTHETH SN, WD
EAWEAEMTRIED LR,



2.8 Bz HL

QCD #HRICE 2T, ZDAL Y « 7L —NEEORIEBPP L NCR D Mt a5, S
DIZZN D DR D RERWENENHFTE L2DB, NANR—BEDORHThHD, T7LH
A ROV TIEZ DB RIN X =R EOT —FBFHATELDT, BIENT +—7
BRETOK T QCD #HRNORD NI RT ¥ MO T, (NN X AN, XN 72 &)2 (&
FRELEER & i3~ 2 7200 T < L BEBEICINZ TS R—ZIZ oW T H ERZ L T& 50
EIODEREET D22 LB TED, EREMBELT L Z LBHEID LNNIE, T bDNA
VRT UV NERNWDZEICEY =XV F v I A EOAAED TREVERE DR AL, A
BREWXHONT, ERE Y bEFMEOR VIR EZITI 2N TELIbDEHFfFEShD, SHIC
FIEROD- TR, (BIZIEA LU PRRAEFREATR) =XV F v 7 RIFEDEAE
DOFREMEZ IR L U b EVREE CHARL Z B REL 2D . J-PARC TEHHE S TWA 7
A A PSR IERERER TR E PR — b LTV X5 RIFEAE SN,

F7o. B QCD FHRICE W T H HBRRIBOMFFRITIEF ICEE LW A, Kom ELEIX L &
LT, A% EERNZRIENET L TRIN D, BERAICERSILTVD A(1405) IRHE L
TNIZEES =% Y F v 7 IRRIBOWIZEIEL. J-PARC TOHB72 72 EBRIC K RIS
. £D XD REROERZ BRI T 570D FEE LT, #F QCD 12 X % 3Lk
O RITEERNET —<IZoTnD & TFHEND,

B BRKETHO QCD Yt

By a2 b—va il L5 QCD OMFRIXFHEBOMERIC L > TTEL Z L3 RE
o BEMRLFELCZ +— 2 BHEEZ DY A NY LY 3 — 712 X 5P il EONZEN, 8
{fE, FWERFZEZTLETHIN =TI Lo TUTOR TS, £EDILELE LT, VA4 B
74— L HAMIRE, BLEDY +— 7 HEOELIAED TETH D, HA A U HEHEE
BRCHIED B 5 INB BRI IRAIVE, BEEZEX TV Ial—varvefViEToE e f
IREBEOBREZIRY ANDZ L E2E/ LT, NERFFERMIZIETON TS EriRED
WFFED 100 FERREE T, ILVFRR, HICEBIREREIR TH D, VAN Y VRIE R Y v T —
RRIZ B L7228 b, A% S BV AR E ONIE DR ER M LT 2139 Th 2, %
oo ABRRETON Fr 27 S AARCEEREDOHIJEIC OV TS, RO E 72> T D
b DI FHIROHLE & HEHRETH D720, FHRMOMEROERIC Lo ThESNDITT
Thd, 7o FEPZERY RE, LHC CTOEA F UHEEEROFELRBHES I ETIC, &
LREORREZH I R2TIIZR B0,

ST, HMRESBHIG SN DUFRITAREE TDO QCD WYEDIETH 5, RN



2.8 Bz HL

BT ANIEPREREE CTIIMEX RV e®, WANWALRBITHMBILETH D, LANTIXE)
7 4+ —27 DR ERO ANTZHREBERIZTR NBPNETDTERPholen, Kilcio
T, ARBEOHAEFIEORRICHRNEZ ST 5 L 918 o7, FHRBEOMEROM Bix, &
FREZEO LT TR, BATHREZ BT 5 HFIEOHBEOREELY ST, BWH T 53R
HEDESIET 5, EBE, 5 FTOKF QCD OO Z R Th, FHHEOMEICAbY
TH LWVERESBHE SN, —HANCiEB 2 oot L) RARENTEE L2185 T
W3,

HA A UERERPEITHOBUE, ¥ QCD OMAFICHFFIN TS Z &1k, EBRES
Rz L 5T REDNHERT D & ZITHEREBEN O IEMRBGRN O OF ML RMET 5 2
EThD, MiEEE QCD #YEDHFIITITRWIFFEDRELR 23 553, DWICHFRZ E]RT
BEETE 2000 LIVRWIEIC & T 5,

2.8.4.2 ¥
HEHDOBEWF 00 BEVEIE TOZNEN TOARDONIFED TR ~2,

B BLEOBRREOE—REHH

HEBOBWE A TR, ERREEZ EATEE FEERROTLROERBHIFF SN D,
BEVBZIZIR O TIIWD 23, BLENE IO I LIEEBIBARAFOND Lo koTe, £
NHDEL T 2 RAMOYEE»LELNTEY ., ToF FEFRRE~EATSZ &Ly

. TR 2 e ATRE S B O BCEL I~ O T H 2RI T T 5, 2 ATy BISC Gl
2211 % 1R D T IR WA AL T, fFREBEZ M FH R — AR TE S LV IH R
ERFEB DD, £D X5 BRIKZ X NXF—BPOSHEFROHIIC BV e, ZhbDdEL
BROBKET, B2 ERZ D E VI FRBH Y, 10 FEHOVFIEFHE & LT, K
Btk USHEGR & BRGE L AR EM DO TS, ERORERFHEDEE: (=2— M) /KX
oy HHE RIS DI T — 2 54 75 U O ~OISHBHES NS,

TR BB —JFEREEFRARIETHZ LT, KVBEDOE VT RLX —HKE
PLBIE DOREEIC S RE REMBWIFRF SN D, B2 REEE (M5) O FTOHEL =R NLF—D
JRERIRIL, ERT —# L EIC, = XX =B~ RO E 5 2. 2 X o THEED
KRB KB HETe E F SN D, BB RZEVRFEICE CHLED S Z LIIRAETH
DN, WENZRT Ta—F & LTREREEZR-TTHAIH, ZHIZL-oT, TNETAH
gL SN TE 72 RFEOFAERROME ], FALZERD DIL D NICHEN 2P R Y »



2.8 Bz HL

TIAEMET D ENHIFFSND, ZIUTEZ, T E DREFRIC S DAY |
B E OREF AL PEFROMEORE, BEREHLOMMN 2 LITHHEKT 5.

B ZFLUSNOBERESLVEGREZZE L-BUOEOE—REHE

BROVFRARERFO L D RENIRT Vo x VEEERZ 50BR TR, ErEEHECLTY
RZEBBEzOND, BHERMAEENZ WS FROBED IWRERLICIE, H5
DIZHBE L2 R TOENFRPNE TH D, L L7220 b RO SR EARL 1
BOBERICHHITH7-0, B FEEHCTOIIRNEETH D, £ 2 CMPMEEIEE 5 F L
B2 IR, MHBHAEICKT U TR R AH BRI OBRREEZITO Z e B30l d, £
oo TNETONRICBN T, 3EFULEDRFEORET XX — %2 HEBL§ 5720121
BURD 2 RN T TERHITH Y, ZRABBERZ ERDA->T0D, BIEMNE I3k
T FHELZ BT B 08, BIRDE S BT v X VL (B 2137 4 — 7 BRIRT vy L)
EHWD L MERESENOBSIIMEHEARRT oy Ve e D, ZIKT)OERN IR ER
TN T, BRx 2R T Vv v MR IO T A RREL EOFHR AT 5 Z LIZBIRRY, 72
AR FE2FATER NI NERNTHRIR L, Mex RAEN LXK ORIFEZR~RD Z & b b
Thbd, ZOLIBRROERIT, ¥ QCD FHHEMNLOH LWFERE X > TXL v FEED
B LTz, A Ra v JJOBRICIE SN T A = OWFFE & AT L THEA TV Z & D3 HIAF
Shd, $hbb, "N TIZAN-INFHFED LI RF ¥ XNAFMHEVNHEETHY ., Zh
DRRIZE ] OBPUZ L > THEZE IR OEP L > TNEHEBZ LN TVER, Zhb
DX BRI ASBELTHS S, ILICHAT ¥ XNVEEENR > D BSERNEE
pBNAN—ZICE THHTE D X5 R FIEOMSLAIIF S LD,

B ISR —RELD T IVREOH—MERS L URRICEROME

BURSHT T2 X 912, I FEWEICR N T T 2 7 — I, BISHNICIXEER
BEThHDM, BIEMNE 2T 7 2% —REEE RS 51213, B LWEHEFIEOB
HIRLETH D, RS, OLTZOMAEEABRESNZHTH, NIV h=T v OTHIE
KOG R BEF RS KNI L 25, o PE FRERICB O T, P AL e

B FENRED LI RI FTAE—« Yz VR E AT LONEWHLNICTHZ ER3YE
OFEE LTEETHY, I5IT, JAFEEOEERIRE Ty = WRRIN RSy BMES 2556 C
b, FIERIBICIZ Y 72 Z —HEERBN D AREE DL H Y | MR BEAIOHEEI RO b T
W3,

2D XD EEE R AR IR T — 2 0 b5 & M, E IR EEE T e A B A



2.8 Bz HL

ETET DO, WMOEKISER OB RN NEE 725, BEED G T2 BLHEMNE )
(C AW SUSTRL OREZT T TIZE K DR EZZIT TS 03, ZHvE TORURE
gL LTI C&E - “REEMEY OGN TIER o LIEFT AR, DD,
BUEHESD BTV D BRI EE S W I AR SO D X 572 2 YR « B LA —
T REMFEFETH B, HlziX, BELOFWDORMBED = HIZ 2 E TREETS - 2B EEIL
BISGHR CRF D T SR D IR B & BSOS Bl & Bl A S B 7208 LW B - SHEFIEO PR
Exbivd, FRZEFYENEENL DR R X —I0 81T DIEE 2R RIS 5D < BSOS BEGR
DB PEETH 5,

BB L LTI S g Z L1k, B IR LERFA DSUGBIRITAAET 5 D) ?
LW R THD, NLEKRDL TIIOKGEG E LT TITHRIERIT K D 3RS H3 57
o TNDN, BRI ED X S BREJSBIRPBIN, £721X, TESIhL2088ffsh b,
S, AT —ARIETH D, BIUNTRELZ B2 e = 3 F—Hic BT 284 TH
DH FDTRIVF —FEBIIAEL & BOEIRA 2V, 3 TITADERL 1R DG -F- B K FE ik
BOEL TIX = R X — KR & R ) OB EIC 2 0 2o b b, Z ORMBEITEA 4 X
IETHEE D L PRI, =K OARERBR & I T RSO B D FE R 125D % & 1)
(ERY (N

B B RE U4 LR 2 o5 F fE i D HikaR

e TL BB ZUE L7 VW iBdR AT X 5 35— R BEHRIC B R 2 o TA TR 5~10 iz
DIFRIZOWTHEBLT 5, BUE, p B E T, LEICE W TEEIRECIRBIEIR B O R
T RN X— R BHEKE— AV M BBEER SOWIEICE L CGHARMTLIL T
bo T2, pBEETHEWFOIFEZTIL, I IR Z AT 3R 2170, KV
R UTfREAGF DR B D,

Atk RERGIETIX, sd D X 912 X 0 EWF R~ & 3BT X 55— JFEEHR 2
HHIN TV bDE b, £z, BURTIX, REMEHOR FZE TLMrEAINT
WRWR, A%, hYE B FREIR O X O RALEETORR LTINS, &5
. BhEDRIBIZA DN D 7 T A X —IRIBIZE L CTH 2C @ Hoyle JREEZ1F T2 < 160
DREIRIE R & B LI X 58— BEHRIC X 5 B AL E L STV 2,

ZOEIT, EDITEL ., BEM» DN~ £z, BERBICALND 7 T X
H—e XY F v 7 IRRMBOMI~ & 5 — R B FHR OB RS IER L TN 2 ERB 2
bbd, ZOXIBREFE IR XL DT T —Fi%, EROBERNZRIT 2EMNT 2525720



2.8 Bz HL

T, BB OEBICHEIRT 2 LIS, S%OMEE LTI, WSS
L AE—FBFECTARELEMICIHR LN D T —EECRIEIRIBIC A DD T T A X —HEik
EMRNCFERTZ 00V, FIERBKOT VA 7 AN—BARFKTH S,

B AR ZERE L -RER ORBE L & #EAEEOLE

REN D PRI A ARE L T2 SR FRSSARRLE A O FRRIZ DWW TIE, BUY S mTBE 22 SR 22 ] oD FE
RIZEDEWFFEA~OBEMBEROIEE . A AR OB RS D,

BEGRNIZR o, HDVIEHK - QCD FHE ORI 311 & W A2 H A
TERI DM L RFEDHED BN D L WP C& D, S FMANZBICEY AND Z &, 2 Fik
A RIZE T2 572 LOAZFH E/EHEGR OMEIX, BUERDZ A TR IR TWHEIR
MMIEZ &V DEL EDICMERRRRAT v ThDH, ZNbEZ7IVT7$THZ LT, X
D E—IFRENRT I a—FIL 3 T ENTE S,

F7-, FHEMRE DM L | SMEEE GO T B REH R O Ik OHERIC X o TR
HOBEMAFERE ST TN THA D, ZEH—H ORI YEFEIEY) ~ DIk 53 177
SN DHEEE 100 fits OFREC, BEREFASTTATORWILHEAK r B2 Lo 3 v—2
NN HEERO L RSB BRI b IR SN D, FRIC, 2 BN X IEOKITAIER D
FERIE, BLAEACARTL, FAEERT 2R Y AL BRRIEH O 3 SO FILIC L o TR b
TERRR SN TWER, FRIZE > TR THEROMN TH o7, FRTRBAIGHR TIX
BRI O/NS SPRMBEE SNDB, AV UHE S— M —bF AR X DS 2RISR
THZLEBHRFTE, ERMBRERDTREERDETHA D,

B ZAREFEOARIBEEEE OMARIGE R IZM 1= EAEBERRDRE
10359 D KIRIBEE A EE X, A EZERIC B T DR RDOEEMDO—>ThH 5, &
e, FERRFITE. FEWIEMER . £ < OBFRNREEZ O K RV X — R DORFE L LT

BRRIENRZET b b, £ OMAMNZRFLRIIEFICNETHY . KTy LT RLF—

DFFELS, ZNETEMN (w7 n) ZEANCL 2R BMIEEAETH D, BHRIT

THEFRRIC R o THIE R ZSNDFEBIRE . AROFMTH LEND HARENHRLE N

BDHM, BT bIZBLEHEEIBEEBRRIC L > THHNICZED XA FT I 7 AZFBR L LD &

TLHORBPIERILLTEY, 5ENPL L O0ESDWNWTRERT VA 7 AN—BHIffSL 55

T 5,

BRROEHEAIZIL, WS ODDOEERNRTA—ZRHY | Zhb DEEMRREIC

ERBBF RPN MBI E S D, DRBEEOME, RT vy o xX— FHEHENT



2.8 Bz HL

A =& BRI & A REAR A7 BE YL BB 2 HIV N TR E T & 2 BRER D PHIE 23 [E| N Tt
HHITHEY (88, 89]. ZDIEMIC & - THRMNRED XA F 2 7 ZTh§ 5 BRIk

WZHEBRT D ATREMER KW IZd D, Fio, FIRFIC, EREHFHEO 2 — R HED LN TEH
D [84, 85|, BEBHHMBALEEENICY I 2l —va TV — L bEfiShood 5,
F7, K[E SciDAC Yr Y= 7 b (UNEDF)[5] IZBWTh, FHEMBEONIEE & BB
WFFed & O KBUEZ2 1 /00 & - T, KBUENE 51 HE ] o0 F2WE = — R ASERIEPE 7% S h [92).
Z OIYEHI IR RO T, RE S FEET D ATREMED &V,

B3R FEMESBEROREDHIETH Y, Bk, Fy 1ok, ZEEF MR
NVBIG e BRSO BUIRRORED MG S D BB ThH D, KHIMFHA & 7= 7o il -
THAY) ALERBEEZELT, ZhHDMEZRERTE DT v ARRBICBEEKRZHFOTE
TWBETH 5,

2.8.4.3 XKk
B AL LEBEXRK - BIRLF—BREARA

SRR R X 5T, BRI REBIR OBV T, MELRILIC BT 5 B EOE
& LSO TN ETETEER DL 2D, Zb ORI FEZomEliX, ik
F5 - TREHRIRREOMIICIN TS BERKE ZH - TRV . KBMEEHAIC X 2 RN 72
BT — 2 BB TH D, ERWITIE, BEROILWFEPHTO, PE R ot - IF
JERE RO R R R ESLR L EZ DT EMERER (=2— 1Y/ - EFAELUR) 7oL
BAThIUE, BERIET & & B I REEHEIZ RESHIRT 5 TH A 9,

¥ QCD FHAZ LI T) . RS20, A ~a CRIOMEER 72 E93H 5 N7
W, ThE BN F U ERAGRFRZTV., BWEREIRAEML 5 2 Lo
PEFR - EBTRIBR R & OREEREIAZROBR~KE S HFETHHEM 0D, EAMRE
¥ QCD BHER L, 74— 7 WE~OHIBBEHRBH L2, 77 v 7 K—1R
ik RARE S LEHEERKOMHANPETL TH S 5, Bl —BAHExFHROERIZ LY
Za— ) JERNEMBAALTEEME Y I 2 b—va UM ThA X212 wEFEAR
REBEOEIIMBEICL DT T v 7 R—NABR, o< —R ORI EOAR RSN
5o Z9 LERTRNF—REBIZICBW T HRYES R RENLFARICEETH 5,
A ZRIBTERA T = X D DREEICIE, WlLEHEETORT —# 2 ReR2BRVEHTES S
WZTHZ b, ZFLT, ThbE2yIal—ra VICHLAR 3RIG=2— b Y @A
HBEATRH) ZEBMNETHD, ThDHLOMFENRSH% 1 04FF, 2 0FEOREE 2D, ITEDF



2.8 Bz HL

RENOIIRIZ LY, ZRICTORMEFES 3 KIC TOWSRAEFRATIRRICZR D & THlT
5, ZTOBRICIE, 4 7y b ERDEMEREFERLISCEMEDOILVHFHICKE T 5 =2—h
U ) BBIEDT — 2 %L L TBL ZENEETH D, HlxiE, HikE Rk o8 - FE
RO RHM R PERPARL ERD=a— Y VB ABER 2B T, AN Fay
ST K B SRR & BRI DB R 2 D KA Z L BRI R E 72 D, T2, W
EURTE SRR A ML T 2 T2 D D =AKT) ORI SR BRFIH OFIE, 7 4 — 7 WE~D
ISR 72 & DML 558 EERIK D BRI HIEAR TR T %o

A6 1 0FERT — VLD RICIERAEBIN O RXELGHE (B2 ==—1FY / Hyper-
Kamiokande, E /% LCGT, #KXELEES TMT 72 L) T L TR Y, BIHIC XL 5 KIE
BYB~DMBIZ b RERERPBFIND, TRDL, 45561 0~ 2 0FE£IZIFBEHN
T—H LOHBKREZWBL, BWHEA~OHRRABED LD LR LB T2 THAH,
BEPBEIT D0 E D DO a2 T, BRI X —0ERMIMREE & bICEEEIRE
HRRA s =a— MY JBENG - REERTORIERZES, BWELO K& 28 E R 720
DFE L LT HBERREBZOMENEL THS ), T+ 2EOEE LR RFMES
WHBR OB, BEEDESC=X Y F v 7 H~OHIRERY | FEFRARICE HET)
WIEHIE, WBEANRa VYE (D W0IE7 4 — 27 W) OREFEROERZ 5| & H+EE
BEFERIZLTODETHAS, ZOXDITH A - BWEOEE L BT — 2 & -7 < 1
T, BEARMELIBRBILR Y I 2L —y 3 Y OREICBO TR EL O B 7o 3B IAVE
ToH D,

B RT3 SBREMBRRICE T HELRERN
BLOVBEVCRORNT, & FT7FF « U T R EO—EHOE LRI EETE i
BIREWD | BRENITEEARTIEOND Z ENH> TS, LMALIETH, 1 kA5G
FEWP EZTITON TV D DMNE, RFRROMBTH D, EFWITHVE (BEXRZRE)
DBHNHEA TEY . ZOT —Z DL ITHHRIBRNE NG E ST D0, R
ROETNVIHAETIE, 1 7 ARG RICHER PRI E R RS» b9, T
LA FRRIZ2RAERLEN TS, 207D, THEFERAERSH <A —Z R ED
FVZXYF ol REEMEME LTRSS TV 5, BHTEBRRICOVWTIE, v =
L— g VICBWTRFEERE S S 022 bR T IE, ERARIZ OV TOFEM S A
725 2 L3 < TRRORBISEIHRIC X D18 F A I = X MRABFF 2D, ZOR, 1 7R
Y RZELMEBHOEATE, REORNTHIFITNINEZ X bNEDT, HRTAHA



2.8 Bz HL

WCBWTEWEMMMBENSLIE L SNb, £, 1 7rERATERND EZ TER I NI,
FH - SR OHEIZIB T D BEEZH T 5T, BEOHESCEBEROMEE LT 7
2 ARG REE RDDLEND Y | BRI REBILOREA LB I 2 L—va U
RAIRTH D, TDTD, LR OBHR 3 RIcFHA L 0 b BITEOFREERIESh S,

TEFESKIC I 2WEBRERT <A —Z2 ML DV =y MR ED TV Fizk
WTC, 1 7R RCER LW ZB D IZE, BRI TO=2— MU R IARH R
ICRIEFBEAC =2 — MY S EMAIAATAI = XL Z2MA Lz BT, (REETED
B AEFLR 572 ®) BUEFHRIC T 2 M RMREE R BV Z & BNER S, FPROFHA
BBEPIC LB RBIBREEY S 2 L—va UBBREL EhD, EOVF I FTENTH, &
FECHE FEE & W o RRIRRIRI 2R T, r e RZER B Z LiIEENRLS, 22T
b AGREHRIC K D WELT — % ORI R D HId, o T, Hix iR T
EOERIL, WTNH LMD ¢+ 7 AR ARKIEEREE O % . JFRAERK L OB
T—RICES ETRARBRLDTH D, BENEEER EOENE Lo EZ IR fix 5 F
EEWT, B - ~— 2 g - e 5 - e Eo—B LT — 2 %3H L, B
REMADEBRT -2 & LTEXD T LNIPRICDTZ2RETH D, BT — % DREWEN
NS IR, JERBDBITON OGN EFrET HRICKRESHMRT 5 & 725, KIKHL
LDOEATF I 7 AR & RRERIREE C OIS SO ORI & % | HRB RN T
Ta—FIC K BEICEE ST A TIT A, oROEPFOMIHIC K E otz 1
3z eThA A,

2.8.5 SEOMEICHELIHEBERORIEY

Z 2T D WG O X S IZFEROMIFERE DO = O E e PR AR TRV I, T8
TEDJFFREWBLOMTE T TV D REGHRIC D\ T, iR KO — P —Hiz o T
YR N7 7L, Wiffi CBITTfRROMFEEHEIC OV T, BEFORBGH RS ERT Shiz
Lo o LEELT, BEL SNBEHRBOMELRYT, £, EIEREEEE W -E
EDFHAZ BN E R L2o2db 5 M &, Z B L7z JICFuS OIEBNZ DWW TR T 5,

- A—=T7OEAIEE LT, M2 104ETa Y Ea—F—0OMRER Eb 100 fFRERAEN S,



2.8 Bz HL

2.85.1 HEFASIATLAIREGFHEMOERMERES L UFAEHR

JRFEZBGR OMFE CREDI TV S, ERFIH ST D REGHRICOW T, ZDHEAR
PERERS JUORIHE R Z L FIcE & ® 5, 22, FHFHICE LT, 2010 FED NTJ-L 4
fHEb LR =% TN —FIZBNTE B O REFE R Z RE N R T L Z AT,
7 =0 TN—F BRI 200 N, B FSERK 200 A, RIFEWEK 30 ATh 2,

(— NDWIFEE B D4y

PrEBWEE LTOEHAICIE, EEL TR, )

A
HE

FEATERE
KRG (Flops)*¢
TR 1128 P
TSUBAME2
(RLK) 24P
HA-PACS

(FLBEK) 802 T

KEK 684 T

£2k (LK) 140 T

£2k (L) 95 T

PACS-CS

(B0k) 14.3 T
SR 90.3 T
RCNP
(B X) 768 G
Juk 25.3 T

I—FEIXELELAR SN TORNDT,
36 Sy 5 DR 1-4 D A U RO EIRT,

EfEZITIEFEFIH TRV, SHER T X 2RI,
5 AN DN S OF A3 AT HE,

2012 4E 2 A X v EHBALA,

TR 21 AR EERRPGREHE F LV,
69 http://ohgata-s.kek.jp/H21/index.html

19 ANiE, BEBCEBEIN TV AFREEB IO
A WG THECTEMRELEREF LD,
(2k(HR) TiX, 4T Lo, TXTOHHE DRED
WMEEBCEBEEIN TS DT TIZARVWD T,
19 EEDOABIZZN L 0 ZNTATRENEN B D)

16 SERR 23 4FFE BRI RR A = — 5
16 SRR 23 4R FE BRI RIAH 2 — Y4,
11 (4E[# 1000 WML EGEH LT b —F %)
(2010 “FFEIC (BRI FEFIHZ BRIV ERTO)

107 AR Ca—F T U M ERio TV D ADR)

10 RS - JUFRE - FHIRR © FHRAELSY I ORI K

*5 FIAZERE, KAFHFEBOFEL, HEICHEbo TBLNAMEEDO T 2 I LTHEE, %L LTHbLNE
bOEZOEEERL TS, - T, 2B ENTVEHEE WTFLLTXTORAENREELIRE L
TWBDITTIERY) DHABEERX O, HIEEORG—FHEEH b0, ERO~E—2—
PEERZ T bDRE, Bk LIBT3 B T OEENHE —INTHDIFTIERVOT, EHEELTUELY,



2.8 Bz HL

2.8.5.2 WELINLFAREHDOMRE
B 5%0EF QCD S EICRELFE#OMAE

¥+ QCD FHRICHLERFHREMERRIL, #& R (En 72T @G Ic i gy) RO
B (ENIET W 2B A ABRKRE VD) &I A — 7 HEDORKE I D 3 >OEL TR
TR E D, 22T+ —27HBIELTUL, AR X 51T TIIWEN 27 +— 7 B
EWHR) TOVIal—va URBUEETIZWREE leoTe, £ 2 CTHBLR COFHRMME
BRORELVITR I I, ZHETPACS-CS FV—TIZ Lo TTRbT& Ty 4 vy
YRDT =2 VI F B VTR 3] - R, AHBMLEL R DK QCD FHR OB &
REMCHMB D L LT 5,

9. BURD PACS-CS IV —T DRt R EBNCZET 5 & 8L 323 x 64, ¥
BEAS @ = 0.0907 £ 0.0013 fm DFEBA E TIITRDNTE T2, TIITZEMY A X205
#) 2.9 fm OF TOFFITHY T B, 5% 5-10 EEDORICHHTHEE T 5 R &+ QCD DR
& LTET T, N F U HHAEERCBE WA O EEAER 2 TR T 256 . BUROZEM Y
A ZATIEFTICRE 2B 72 28 A X EIXFWVEE, RERILFEZOYRIT A 22 DE
B ETHERENTITLI X A3 fm BETH B EBHLRTWS, Bl IE, FHw

B DLREMEBZE2D L THEREE TH D, HiEH A = 8 OLERBRMPFE LR
:&%%%QCD%ﬁofﬁﬁ?étbtﬂ%ﬁﬁﬁ%ﬁ%%@bf\ﬁwtw26ﬁn®4
BREOKREE, 2V —010 fm BEU EOFEZAETNIIVWE BEL LD,

BED PACS-CS ZNV—7 DFHA & A CREOK MR E R 5 & LORRRff IS
R OBBIL, I o~ 0.1 fm TH 4 X 1283 x 128 BEL 25, I bHIT, 2.8.3.1
TCHY EiF7e X5 R DO EBRER TIX, /5 7 +— 27 OBIZIR Uie 7 +— 7 5D
MR DR AEBRT 268N D5, MR EORE, [T 2.8.3.1 MiTik~_7=RT
VX NERDDFHEOGE LB LB OFHMEL THD L, KT ¥ Y VOGEITIE, 2%
MR O BZABFNICEEY — ) AR EFH L CHHAREZMZ D LN TE S, Vo
IE D B A% D E L TIX, THe THIVIZFEH OEILHAMIZE 2 i 6! x 6! = 518400
ThH DD, EECITHHEEZFIH L CERH S Z SOV HTZ N &8 TE, 1107 fET
T 27, Tho0FEELBETH L. *He OEEMBLCTIIRT V¥ ¥ VO FIEOFHE
DK 2 ~ 3EOFHFEEEZET L LAMbOND, T bDFHRER, BUEFH TR A
BTIThN TV AR OFHEN D HMIZK RO TRy —AT& 5 LTI, Z0K

*6 P:peta(1019), T:tera(10'2), G:giga(109)



2.8 Bz HL

100 ~ 200(x2 ~ 3) fEBIEOFHBWANIEL 7252 15, b, BUEDOFHHI A
Bz AMT 95 &, 5 TFlops x 700 hours x 128 (x2 ~ 3) = ~ 10 PFlops x 400 hours
(x2~3) L7235,

EIHlz, MUK (MBS TR CZEMY A X) OFHEE A T A FEE REF LTc A —
N=F TR EDIATNT 2 VI A DENMEEHWEFRICBITL TN LT 5
L TN RIDT 2 NI F LV DFHR AR MR LT 10 fFREICH 25 L HIAER D,

ABRREEROFHRCIL, REHIF IS ISR R F 23R L R S BNIRE DY HIT/2 5 DT,
RE SO A SHEDHZ LI Lo TUHREEZENEIE S, FUHK AR, FCY +—
JEE, FUZERY A XOPaiREY I ab—a bR e KRR DRVWED, 1]
E—Rd) OFEa X MIDRL 2503, IS AT TIEREHED % < WEIZR2 5 DT,
RECL>TEEREELY aX IR0 256055, SDIC, KEEFEBRORELELA
BT A7 —RIETIHAT 256, 74 7 —BHOBREOFH 2 X MIBMMLOER L [ Uk
Enzthl EThsd, EriREOMRENRT TIZET LTNAENRT A—F —TiHEHDTY
HEOHEEKRAELZTARD5E . ARRE Y o, (K58 EHEREFELZED 27201213,
Y riRED 100 BREOCHERNSLEL 2D,

it

B USRI —2EBCBVRFROFE—REHE

7 5 AB =k ERR O EERIREL L OREREBOMEFHIZIZ, ZhETr—IAH
7 AR E N0y FEN IR RIERIEGE L C&E T, L& SR16000 % v iz 28Si o
Ta D AR (Hoyle ) IREEDFHFTIE, 1200 WITDEENGIELN D /NI b =T DT
FIBFROFHE ()T 1 - AES RS 25 Te) 12135 30TFlops T 12 RERREZ L T\
%, LA L. Ziik Brink #R & THEN BHER 7 72 2 —HAITH Y | R EKTIX
T VR 7R 1 RLAIRIB & OFREE BRI S LTV RV, T 9 L7z a R DN DOR R % FF
i 27DIiX, ZNENOEAFOAREEZMSLICW O LERHY | NIV =T D175
BROTIA 44 = 256 R 2D, Fo, T LEHHEOHIMII Y NIV =TV
DEAMEZ DR S D 7D L 72 5 BIEFEB ORI S 20 FREHML, 207D
400 fERRE O AN NI L 72D, ZOMGOHREBET S L. BSi O = VAR
e 79 AF—HPRIEOHE., BIOVT RN T2 Z —IREOFHNIZIX 10PFlops %W T
% 20 HEREDIKRFANSLEL 25, LArh 2 ZFE T, EFICHMZRBISHMN 2 1
MAHAERZFEICHWESAORBL Y Th D, FHRICHW I ZEDO I b L
7ebD, BlxIX UCOM 72 EEHWEGE, I DIC 10 FREOFESLETHY . =K%



2.8 Bz HL

RO E THRAD B &, B2 Exa-scale OFEIRDOIREL 72 5,

B RFRBRERGE

MRBRIGHRIC X A REERHIX. B8 SN EAEIZEIIC BT 52T ORMLE BT ELY )
FNIEBIC L DA ERB IR ZLICE Y, RTOMHBEERV AR ER IR
DAY | PENRTL D E R LIEI IR 22BN DI & 5 MR B 5728, 2 Z Tl
SR BT T I a g (MCSM) L2 ET 5, T OFIETIE, KEIBEEA /4 1ET)
B LT EBA L —F —fTHROBEREA TRIB L, ZDOEHNT A —F BEZFHICE
EDVWTRET D, FHFRIT, BRIZERMO—KL FIRIBEK (N,,) LIEDN D X L—2 1755
(Ny) OB¥E LT, O(N3TANE) ERBID 2 2 3 T&E D, PR ERE LRV B0
Bt Ngp IEEBED 2 RICHHIT D, N I HDBRRBEENROND ETHOTHLERD Y |
R B _REPWHBEBOWEIARIFT B2, BERAZ RS 0LV, BEBRICITE &
BE AL LT, AVS725 BED BRSO RE[NEZ R LTS, h—F LT A3 ORLF
PEZIR L, EESHAEIEICRIT B A 20 i L TR TH Y, AR OFEAHFTE
% [6, 93]

INLOMMENET S L, Exa-scale tHRMEEZ WS Z Lz Xk o T, HAEIZER] O —kL 1
WOEIXTAFRB FOERIC LT, 6 FRNO 8 TRE L DI ENTE L EMHFTE, R
30 RN FRE D — IR EEH RN A RE L 72 5 L HIFFTX B,

B

7\_

D
GIpY

B ZEAESERCE S RIROBENERICH T IHEREY

+ EBE - EEMTDDFTYIalL—YavitE

MR AF B EEVL B RR 2 Fl W e, BEORERIRIC LIcy R 2 b—va VEHET .
HEWHFAZICBW CEE R @B 2 O XHEEE 2 AN T8 BEILEEZ -HvWC, 3225/
HFRRICE o THERL FLE A REBL L, ERAIBBEZEA TS, RELINH A XL, %
WE . MERL FE MR T v TR ZNZh 100 BE LB b b, BEANRIEFI{ER)
ERFONITHEARIIZ NS & BIBHRICH V| BATOFH [85, 9] B ARr—AT5 &,
# 10 TFLOPS*year 235 & PARIN D, S DITFERMICIE, ZHICHEER GO
REEALLHAEZHETE LT, 1 ~ 10 PFLOPS*year R BEIZZRD EEZHND,
BN R CoOMBIL, FHRMESIEICK L CHEBAN ED) A7 —NLE RSN ETH
0. 103 BREOWHITHRENEIBICRDZ ETHD, ZORIZONTABRDOKENNLE L
b,



2.8 Bz HL

+ BHOBER/S A —2 OWBMEE
BOHOFLBRICBWTEEER R T 7 a —FIERMIER T 7 —FThh | KT vx
NREMEEREDA Ty b Th D, WREMAEEY (CHFB) & )it ekl ELAEAL
FELL (LQRPA)BI] 7 Fu—F A L T, BEHROTLBICHELE SNDHER 5 KRG
72 T LQRPA FRERZME, 2N b DT 2 —F ZHAMICIRET 5, HEF 5 KT
zefiih o 10° fC CHFB 32 %/T L. £ LT LQRPA 35 & %17, ¥k +2 KRBT
% B~ UL M BRI ORITCITERMER ETIERN 10° KeThh ., REERDHD HOD
CHFB+LQRPA % 1 A CIUR&E %5 DIz 1 PELOPS*hour BREEASSEE, L3> T, 2k
TE L% 100 TFLOPS*year DA EZ X b D, EMROBEHCLTINE S HICKH
BAL LT3R, BB ORI AT ARSI, SOIPROMEL 2D THA I,

B RROXARR

BHTEIBER OMINCIE, WAL =2 — MY R 2 LA B TR < Bl i
SEM O BT — & CRIEFBR c =a— b ) J SUSE - BN L) ZHAA
AEBHEY I 2 b—va v %175 ZEBRATH D, MEIIFOFAFEIIIKRILTH- T
HLEEICHEBLTETCVWDEDT, ABRNEIZRDD1, BHH - =o2— Y @ OTR
DUV EZF oD, 22/ 2 kot (hxtFr) « SIKITICE W T, BHEA D =X LDOBRE L ZH
MIZITH> Z & Th B,
FACIRARTARIT, FHHEOP T, ==2— Y VEHEEOFHRH e — FBKEL, AEY -
FHAEE I R E R RER A LE L T5, ERMR=2— Y ik (ray-by-ray ¥l
ThH-oTh, SREMEEMAADLETITIICIE, HarvBa—F « JTADA—/—a
Eo—XOFAEREET D, KRS, BRPRIDT D201 E I NE, AU ABOBBEaT
DOIFFE IR % B BWEBENEIET 520 E I 0 E2LEDRITEWT vy, 61, Bl
BeEwTN-REHIREX  =2— MY RISEOHIEIZ X 2RI~ DB L ERIITH D H

LT, BHFAD =X LOHFEEHET-D b D ETBITiE. BEOETF N & RHEMICEITT
HZLEBRAKRTH D,

==— MU RS & BRI D FHE TREIC X B SRR T, EMRT oM, =2 —
FY =R AF—1WIE, ==2— bV 2R ITOMMZERM Z R4 570, 2% (il
HFR) FHRIZEBNT, OHWRGE ThH > TH ATV 1TB %2 %59 5 KHIBB T8 % iR < 7=
D, TTICHRREHARLRD, 20D, RarbPa—F%E2boTLThH, =a—FJ/
TSRS O A BHRLIC K DB FEEH X, S RICEHAIC X 2R RATIC & &% DR T,



2.8 Bz HL

2 WICDERFFFE BN FREIC 2 DHPH & PR EIN S, 3RIt==— bV /IEHAFHREIC X
HEEEFEEZIT IR, KRR — N —a P a—F THEIN S Exa-scale DAy 7
PEZ T REEIRASLE L 2D,

B XA meE

+ r TOCRATREHOFHEMET AT =V ADOMHEH

r R ATLERRDOTEMRZ A F 27 AOMIHIZIE., EROBHEBREA =X D%
A Ialb—ra VK DHOM, EREPYETFREE - TN —R N Ekkx 7215
MREBRIZBITDEATFT I AZRENCMHAT I EBANETHD, EEFIEFES
1K« B o= S— 2 MZOWTIE, SEAHRIERIC K DMEFHRIC =2 — b Y T 2l
FIANTER R ZAT O 1o, BB RBRFE L RIREL LOHRERNLETH D, BRRIE
BRIZB T LR TR 120 . ZEBEER A IR T D T & 22 RE A LT D,
RE R EZ RBIYFRNEL LD, ZOD, BHOEHEFRICHETH XIE L 0 0%
BEDIHEaX MIMBRRAENS, 1 70 RICEREZWEKEEZMAT 2 2 L IiX8HE
RIC X DT — & i L LRI ETH 5,

2.8.5.3 EHEEFEHEIALLAERYEORKESEORRARFDOER - 8
%LOL\'C

2005 FE T, CPUIRY v 7 a7 OMEEED» 5 Tk L TETRBY, Zhixr e
TITENEDEETHEN— R =T DEKIZ L > T [FfFoTWIUL] N7 4 —< XD L
PREONTE 72, LR, BfEMEEOM X 3GHz i TE £V, v v F a7k
~NEND T LT d, PC Y T AZ =0T, GPGPU D& HH Y . GHHEMEDT 7Y
r—va b WHINREER L THET 5 2 ENURORILE 2> TS, NA T NiEIk
CBW TR Ay Ea—F# T8 58 FCPU, 70 FaTilbEL, ZOMEEREEOEET
eI, S 6RD2WHNEDM EARDHND, KBS T T TRAL—XZT 7Y I—

varaERET LI, @E. A PC, HFEEM PC 7 7 2% —, KHOFHgE L & —
DA—R—arta—F LWVWIEEEEES TN Z &b, £itHE#E Y 2 —»
ABETETHERMEL EOD EEXDH, £z, FHREICBVTIE, High Performance
Fortran @ & 5 22 W FIEHA SRS FEOHBE L RSN TN IR, FRICW>TESL T, 2012
FHEIZBW TS 1992 FFIZHRE S 7z MPI(Message Passing Interface) (X274 75

VEHWE=7a 77 AR, MPILIZ OpenMP Z#lAELETNA 7Y v RUHIAERT
by, WHIHKIZ L bR EFE. vy 7 R EOBEDOEBR T2 —F—liIcErshTnd, %
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oo AEV—b CPU ~OF —HEEERE /1L, HAEMEREDOM RIZ LTHEBE 2D S22 db

D, TNCEE L7207 IV IRUNALRYVSOHD, ZTRODOERIZLY | HKBO#
WHIFH R E NN 2T T 7Y r— g OMEIXIEFITEME D | LR &
TNaB L, AR A0 B I ORRAZ @2 HS>oH 5, T b DORE % fiF
WL, FHAMBCEE L Lo BRI « I« FH 0B OB Ko Tff LUWWIFZEEEIR 2 8)
DB < 728, 2008 FEED B HTENBEIAIIE TR FHAAIC K D3RR AT IE SV - E B
WEREE DR DMAE D . 2009 4F 2 IZFHRERL AEEE LA 3 S D BT v, T OmE
LR A RHA L LT 2011 4REED D HPCL GG 7' 1 75 K53 1F 5 TR & 5 D B & A%
] (BLF THPCI 35 1) BBtAESh T 5,

HPCI 238 5 O ER1GBNT, (5 2 Ea—& 2 AW RIEEORE & | HF7e B AdH
DHETH D, MEZEREHIIT2—YF BT —F 7 ) v FEEREENTEY, 20D
IYEHCRIT D AMBRD—NiE Mo T\D, ZhbDIEEZ M L CRRL 1« JA 8% - FHO
oy BPRRITORH R L DA FE o T D, L L7end s, HPCLM 7 = 7T AL 5 4F
Morayzs N ThY ., 2EOSMEE IR B Lo TWd, FHRBEICL S
SRV AR E TS LB TH Y | WIFEEDF ¥ U 78R3 L TWRY, T D4y
DREGER IR PRI & BT I ANM DR DT DIZIE, ¥ % U T AR DMERPEELRFETH A 9,

2.8.6 F&H

ARG CIIEHREWEIC BT BDHMEE TORREITONT WG A S —550 i 2 U0 T
L, ABOBBICOVWTRBA L, TR ENOETRRZ L 1, FEEDEITIZEh
DOFERE 31T 2 AN R AR - SEMA T BT L, B AR SRRTE - KBUEIER
LR & fif & B9 Z LI & 0 SR &2 B3 5 BB ORER T L oo T D, ZDX
I IRTREOMER T Z LI KD, I —T - T N—F  ~NFurr GRETFZER. B
B a7 PRIKBIG & W D BB RR L3 5 BE OMRE O BRABLEN R b D L 7R
DOHDHEVRDIES D, — ST TAHREERK F QCD BT 2/ FHEe (Ekahi., &
DVNIED) AR E, B, & 2 WITBER R TREER R D b TV A E B E > T
b, ENENDORERE TOMFENETICON T, FoCRBELZLEL TLRELEND L E X
bivd, FHHEBOEREFRFEDTPERZ LY, EERFROERIHIFFTEL L L
BT, REVBELHDTTREELDHD LWV, BELIMNERAT —VITHD LHWTE D,

T O LR E, X0 R<ITRE REHABE W EB 22 H LD T < BT
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Bric 2R DR 22 & D /v— ROBERP KT, Zivix, WEAFOMED LT, —
BATIX TREf) 2B A DND AN ERERIHEFREMRIT S L THETHY , »ORE TR
BEEBMTTEODORMR L2570 THY | ERMIEBETE A/ EEZHT 010X
KB IRFTRRRINERNTZD Th D, — T THIRFGR R LD Y 7 M COFRHEITE R I,
L LAN— AU LICEETH D, FHABAEIEZ OB FAFICLV 26N TED,
T LIEMREDELIET n Y=y MIMBET 2T O EEIC O VW TG, TrY =y
N DREGE « THT. B DVITA KT - HIEATIC RIS B FHRRVAIIES R R N OfEfR 0 2 U,
BFHRFREERFFTH 2 L ERETH Y, OV TIHEAB DI QRO « X Y R)E
L 723G IE ~ OB DO, 2 L CEDFRIZSRNY 5 5, FHREDEL WG & LT
(X, ERERE DN TEHEE D EENE L & b IT, FEHABEBH TS « FHRRIE OO UF DFJERE D
# - HPCLIZRE S L 2 WFEH MR OMEfe e e b B RMIMTH L Z & 2T E—/L LIzv,
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