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Spontaneous Collapse of Supersymmetry

ATy KERyEEE et Detlev BUCHHOLZ
HAREEG /g R (Izumi OJIMA)

Abstract -

F—XEEHCRE I B & 7 =V IFEHCHE S B A HELICREA TS TExFE) 13, THoE (F—
i) L THES) (7o) AL, HOoHMRNRTEERICOS LOOEARBEHDS
BOREFMEL LT, KEREROMEST 2T TS, £0—F T, BXFERICET O lsuper
partner] BiF R LRDBKE K OXRELIERERORLZC LI DLT, ThE THREMA
KIRZ O X BT OFEEEIRFT S & 5 RERIFERII— Db RO > TR,

ZITH, BET = 0°K 2R EBOZHEEFRERBICRBV T, BEFHELER) IHICH
WHEEMRR (= spontaneous co]]apse) 2HEY, TOEDEERRUACIIZOEREERT D
supercharges IIFFEL BV, LWHMBEENT 5. LT, BIXIX L AR RIBE OB
RETLBAFRERIEh D Z LT3,

BEO (F—XH772) AFEOERBOENA TR, BhUERBTRTE2FEEDEDOEHERMS Z
LitkoT, BhIedPe2EE T Z L RTHETH D, TRICHLT, §O0BUOES TR
WHEC, EAFMEIIELTERTLE S, 6K lsupertrace] ICL2VRY ZAND Z L THEXFR
HEHOIZLENTEXBLELLNTERER, LOREIHoTIOMBELEEINS,

1 % L‘l&‘)(:

22 (T = 0°K) uﬂoﬁmiﬁgT#mK TORTHRECIOT, ﬁﬁﬁm:l (@%mu Heh

BHEN? ZOBVICET S 1 OBEN ECE BRI bbb, \_nif*ﬂaﬁ%fxa D D 7N e §
<, TR LIERRIC 5ot (see [1, 2, 3)),

2T, BATERBRICRES TEMYEREEO A 2 RE LR T —RERRERE L,

(BZET = 0°K 2BRLAEBOEMPERERBICRBVT, ERPHMELR) 13 ITH B RN
spontaneous collapse ## 9, EZRRLUN TRXZ OE#E 4R T 5 supercharges IIFFE LRV ),
EWORBETEATS G (4] 28, AIREEOBTERE TOBMFHEORNIY, ZORED
BB —2ThD (THVERMMN (= spontaneous collapse) | DEBRIZDVTH, LITFCHH),

INE TOBRPEEN SRR LR LA o Bl UTOX I REEREAPRBINTE
e ZARRHENRS,

1) TENZEOER) (=EREBMTOROHEL) OLEYE

HRFZATOHERTHL, ER b OBARVEEBON ADT-DHARE criterion BB LN
= %D Gibbs AR (A) = Tre~#H A/Tre=P¥ 13, ATREHT LB < B LABRT
1’97 4£4 ALAR%, Inst.f.Theor.Physik, Univ.G6ttingen
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IIEZ 720 ! (See, e.g. [5])

=> symmetry geﬁerator % current density DFERT TR IR Q = limy s [, d®zjo LENF
BORERR & 13, HERRIERF DA FIRE

4

2) Symmetry generators @ < Y Z &) DPHEH: :
a) generator NER Q = [ d®zjp IIBEZEUA TR—RICEH/LERLY
b) BAWRIETO commutant @E BE = (KVIh K 5B et & e

= [BAPRIBTIY, =R AXF—BH LRV 5 supersymmetry i E%ﬁ@i&h%‘f?&éiif] L OFR
ITERER

8) TXBMEOREN] Lid? = [RIKWEBR) & lgenerator DIFME] & DRFIDLHIM:
INERT SO, HFEERAFY T LOBREALNCTILEDY

= Spontaneous breakdown vs. spontaneous collapse

A. WEHE L BAE, A —F =G A =5 /7 5 RS~ RS
a. BURHH : AR A— =T A — B R E ol Yk — TR & HRIET,
| ‘.y_ 7 A Z—HE&WIZ T, (factorial state with trivial centre)
b. WA : BRI —F— 85 A—F —1t (FH) BENITIED VTV BRIET,
7 R 5 —HERR D, (centre non-trivial)
NB : $ifiee, B A & AR BAREORRICIER, B2REIE, METLRS
LT RT NRARE T, HZRIE T = 0°K OFFDL, HMEHE=HERE, BAMHE=1
BIRIE (see e.g. [6])
I, |
* 7 TARE—E (= d— M) EREES CRETMHEEOM OHEENTIh A &,
CEEOREIL, 7 TRF MR THEEIC S T B R TE b
= ORI (=T d— F3R),
NB : —fiZ, SERIBIC S C—EAMTE 5 LR AV,
B. SBREOBND Y — :
i) WEHUTUMRVRIBRIE 2 >HIUEE (unbroken symmetry)
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i) BEBARIT IV TR T BRI X 2R A 5T 5 & B3 534 (spontaneous sym-
metry breakdown)
BArop) sEBEtEdT i) 5 ZEREE O & £ OEE
wy % (= (9,9)) FEICRAL S NI BMREHEEDRIBL 5L, F—F—RF A—F =
Bk o< 0, = T DORIBITHIST 2 IRBLEH Hy O TLERBIEEERT (0 #OE Y OEEGS
BROT) RETER, [) Hy & TEZRT 3] BIOREZERM Hly T 225, ]
LB, ZOL5RREED 5YSIEAIOVTIY LRI w = [d0 wp 13, fE
BOER/NEE 6 OTFTTRE :wod=0 = wiZHnT5 MERkShik) RigZe
[d0'? Hg OF T, EBOZEMERED generator BEAET 5, HIEED %FH
M0 B R, '

iii) ChETHLSATWEN>LE 3D —R L LT spontaneous collapse
=0 X 5 RBEMHER - THEIE Ly aft

LRy, kRE1),2),3) DEREEEXT, B T =0°K USAORECEIFER LD L 5 7ot
BEFHONERTS :

1) ZHic 7D ERROETHERORENHERL,
2) ZWITIDHIT : (B) AFFEEROREMOERLL,

8) W DT  EEORIEICHH 5 “implementability” D—RAIELR,
2 Supercharge M#EY A

(i & OB FREOH ]
EABOBAHMLR & EOTTORMMAOTES: > supercurrents jya(2), i1 ,(z) & € DR -
P fuala) = jly(x) =0
=> Supercharge = FIWDLEHD generator & LT DIRTE charge : -
@l [d2jnle) *, QL [@z @) 7

NB : O DOFEW-SIFIIFHE M. 1! = symmetry breakdown or not ?

(BT ORI ERL]

EA (generic 12 p(z) L #) KHTLBAHMERES %, Th feld algebra £ FI7 antic
derivation & L'CHEK [## L, F : (smeared) field operator o(f) = [ d'z p(z) f(z) (f : compact
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support ® test function) {22V T® polynomial F.= Y co(f1)o(f2) -+ o(fa) 22DEKE S Op*-
algebra, -or £ ) HEHi 5 Cr-algebra, ]

= BFEORRIK L VB HFMEEROREAERL

L OB ET | |

Boson ,/ Fermion MK 3! :  field operators > 27 O[El#zRy {234 LT

= fi {Fy € F; v(Fi) = £Fy}, +: Boson/Fefmion,
F = FotF.. |

= F 0D ZLygrading : F. Fy CF,, FiFzCF..
BRFEE#RIL, . “(Z;-)graded” Leibniz rule %723 anti-derivations :

6Q(F¢F).=‘6Q(Fi)Fﬂ:»F;6Q(F)," ', o @)

%L, FreFuFeF, LT,
6a(Fi) C Fe, 65(Fi) C Fo - (3)

W9,
TV — pFITH LT :

G(Fe)t =F8a(FD). ) @
RFZEFEZH : Field operator F = ¥ cp( fl) o(fe) - o(fn) €F &:3& LT |
@ F > aq(F) = F(z) = Y cp(fre) ¢(fas) - ¢(fas)s with f;z(y) = fiy — 2)
& Fb¥, Lorentz frame #BA T z = (z,, ) € R* L F X,
o FFRIMHE : oz = 0,0y Ceo(F) = F(z0) (F €F),
o ZRH : ag = apa), oax(F)=F(z) (FeF)

EWEER, ERR/NRFMIHEE R 60 = —idag, /dToley—0 LT B L,

ERFEDERBRN : 606, +6106; +8508,+ 608, =46
=L, old F @ map DERE LTDOERK,
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Remark: ZHid, Y2_ {Qo, QL} =4H L5 (FFET S5 E 5 hH72VY) supercharges (23
THRAOEABRREEROSHSHIC—RILLIH D,

HATREHM 0 2EBOEMPERETREL T5 L&, ZOREITBVUBRHESHENZVZE
i, w BEZETENR B,

Remarks:

1 Tw MEEROEMEERERETH D) i‘l‘i ?: REB) w 13, Field algebra F EDERILE
N EEARRENE LTO THRHEREK F o F o w(F) O &, RIE w SEMTETE
ThHhbHEIY, woap=wforVe eR® 23T ¢ T, Tk |

o
w(F) = w(F (@) = 7 [ d'w w(F @) )
PEBOHRLRZERMBUR V CR® (VI : 8D 1 LTI,

2 EOBKTORMEw 25X bNBE, GNSWEE (7 IKE>TwoTh [RBZM ), (&
Y ML Q,eH] & [H, CBIS FORR ] %

W(F) = (Qy,"w;(F)Qw),' M, =m G
BRI 5 AT B, G FHEORD, R, DRFIIETEL.) |
3. TEAFRMEAEERA &iT2: Seo (b) below. o
4 THEZ] Li3?: See (o) & (d) below.i
ﬁ%@%?y7r
(a) Bose-Fermi HGRIREI DAL

(b) BB TRV T L DER : EELCHVEKRTO M2y (ie. implementability)
LHWEIRTO N2V (ie. invariance) & DOF%EHE V

(c) BENZ2WERBMED b =X NV X —DOEJEEOHEY (- BE)

(d) BEMRIETOTFNAF—OEEBIORN
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(a) Bose-Fermi &:@IRAl : w {23V T unbroken, ie., woy = w,

or equivalently
w(F.)=0 for F_eF_

fEFA) F_ 6‘ F_ #{E& D fermionic operator & LT, w OZEMIEREM Eq.(5) & GN SHERE
Eq.(6) & ZMEDLES L,

| 1
W(F) = w(P-(=)) = 17 /V @z Q, F_(x)W). @)
Fermion 0% 5 RBATRK AL Y

Jim || / BaP(z) Q] = ®)

. |V|/d3,,,-F ($)Qw”2+”|V|/d3wF (;,,.)rg ”2
) |—‘7|/d3 IVI/‘13’“"({"’—(-"’)t F_(y)})
[ 2 1oE G DI

<
Sl

B DX D anti-commutator i3, BFAIRFTREIZL > T 2 O+HKERLIATHATLES DT,
[ &% BEET B LR, Egs.(7),(8) LY, w(F.)=0 KLk,

(b) Implementability DER & £ DIFfE & LT invariance:

EE : DREE w ICBVWTENFMED implementable THB) &Y, IREBZER H, @ operators Q,, QE,
(=hermitian conjugate of Q) T, FQ.,F € F DHDORY M ETRTZOEERICES, 7o
£R3K

QaF:l: Qw = _60(F:|:) Qw + F:I:ch Qun (9)

EWRIETOLORFETDHILEN),

Remarks: (i) LOEH T, EESZ L Q, O TREH] QuQ. = = QLQ, =0 IHRE LTunign
TLIWHEE, ¥, #iffi 2)b) ® thermal states i2351F % symmetry generators @ (< Y 2% OUE
B LU commutant [ZE B REREEZERT 5L, BAFEERIREMN LB CRZEIE L kT
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BB LEST) Qo BEY Q) DIEREHLEET & TIIARL, UTOBRTE IV HHEITA
],\f;],\o
(i) EORF 2L, EEO~Y b, ¥, (ZEL, F BHEEROBEIIE, F OF_TO
operators DEBRKICETH~7 b)) 2R -T, '
éaFi Qw = 6Q(Fi) Qw :l: F;t‘i’a, .
QsFsQu = 84(Fy)Q, £ Fu ¥,
L BT, E%ﬂ%&ﬂ’b@ﬁﬂmlii)%’bt)‘f generator (b L&) %f'ff%ﬂ‘é Z'. Lid, BERY b Qu
2 TSSMERD) (e, FQ,=0= F=0for F € F #F32) THBMY, WOTHHE, (HEOHE
}j: Reeh-Schlieder NEE T, ?‘:F&O%Ali KMS &fFic L b S BEMEVIRRST O, See (5, 6].)
= ZORFIIVT, BHFEIBNSPEML, M., ¥, 22 5BATH, Q) Qs ZEVIC hermite
ERITTBHENTERY], EWOIBTHEINS, BhdBE, Zhb D operators iIPIEAR T
2VNE, fx ORBRRHEEEZROZ LIRS,
LOFEHRCEIIFHMEDN w 1TV T implementable 72 51X, Zh i@ OB T unbroken, ie.,

wo6Q=w05[;,=0, :

i ATASR
B Fy € Fy = 6a(Fy),64(Fy) € F_ [Eq.(3)] 74>, Bose-Fermi B&RH| w(F_) =0k VE
HiT

wl6a(P) = w(B3(F4)) =0,
#1J fermionic operators F_ eF_kHLT
w(ba(F-)) = w(bs(F-)) =0

il XV, Implementability DEZHX Eqgs.(9), (10) + [anti-derivation 6, & ZZH¥E ag & D
AIHAME] A, BiID (a) & FIFRIC

1 3
“(alF-)) = 7 /V Pz (Qu, ba(F_(x)) W)
1 [ 4
=qWLdmmw@Jum+ﬂ@mam»

Cauchy-Schwarz A&EXic X v,

|WWWQW%MM/&waHm/thMM@uu



124

B V C R IIEBEDND V /R® OBREER-T Eq.(8) #HBEAT 5L, wd.(F.)) =0 for
F cF. #8%5, 2<FRC w(B(F.) =0, F. € F. 1¥m N5,

Remark : EOBBTUEROH, Eqs.(9), (10) £W7F X 572 supercharges SEAET 5, 151K
BT T, (ERBECONTD) 75 R ¥ —Hii—E 5 BER DT, &) ANEE, 0w
Ric, EORRETRIE o FHBETLRABTLH L HTREDT LEAS, |

(c) BHFMEE R EITRORBEIEZ L IRV L

w BB, wob, =wody =0T, #>, BoseFermi BBERA w(F.) =0 Wi T72h, 21U,
_ﬁ”iﬁ@T%T#o’FEfn‘ WY R 7 PR (1e  HHW% Lorentz frame 'CI*}W\‘*—ZME) % Tk
BT 5E ”;.Ealkﬁ.ﬁkﬂﬂ.&&fib‘
viﬂiﬂfl) ﬂﬂﬁ‘ﬁ@%ﬂiﬁéﬁ:‘&l D w06 _woa = 0 7§>Bb%ﬁ§ w @ﬁl"ﬁz@ﬂ"%ﬁ’b 5@13‘3& ﬁéﬁ :

L wob=0.
8o 13 6o(F)t = —6o(F") (VF € F) 33 L 1¥ Leibniz rule ##7-7 derivation T 55,
PFQ,=6(F)Q, forFeF

IZ& > Tx/ X — h/g* operator Py ZBEHITERT DI LNTE, PO, = 6(1)Q, =0 BXT
[Po, F) = 6o(F) = —idF (o) /dzo|ageo DI

) o(F)FQ, = (60(FF1)_ - ;F60(F1))Qw = P,FFQ, — FPFQ, = [Py, FIFiQ0

XoT, [woby =woby=0] + EABHFK = w(F16(F)) >0 (VF € F) &7EiT,

{(FQ), Po (F Qu)) = (Quy FT P FQ,) = w(F16(F)) > 0

&Y Py 13 PoQu =0 2T T EDT XK /L¥— operator, Q, 13ZDEERIBIZILS,

£ZT, w(Fféo(F)) >0 (VFeF) #27-% 5, f£BD F € F iI Bose/Fermi operators Fy € Fy @
T F=F, +F_CHMETE, 3, BoseFermi BERAIL D w(FLoo(Fy)) = 0 7055, w(FLéo(Fy))
i EELTIIV, ERBGERLIVES

4w(F] 8o(F4)) = w(FY (5 0 6, + 8, 08y + 8,08, + 6, 0 5,)(F,)
DD 1 HT anti-derivations &,,8; © graded Leibniz rule & T/l 3 — MERAE Bq.(4) 2Z &S
5L
§i(FL&(Fy)) = &(FL)6i(Fy) + F15i(6.(Fy))

= "'61(F+)161(F+) +FI—SI 061(F+).
*EXIBO temperedness %{#5 & P, REBLIZI T essentially self-adjoint 1725 = & b RE 3,
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wody =0 Ehb,
w(FL 8 0 61(Fy)) = w(b1(Fy)" 6.(Fy)) 2 0.

HMOBEZ SV T HERIZ LT, w(Fl6(F,)) >0 285, F, # F_ c F_ CTEBZ BT, R
DREBRBBLNBOT, R

w(F'6,(F)) >0 for F € F.
WIZ w BEE D Lorentz frame TEERIBIZ/RAZ & .

(Supercurrents ju, @ spinor & LTDERIENB) A € SL(2, C) CHIET S 64,65 @ Lorentz &
i3

60:, = Aaﬁéﬂa Sd’ = A.*? Sﬁ:' Ao’zﬁ f]

X oTEx b, Lorentz frame OEEG;‘L\’_@I ) l:ﬁﬁ@ﬁ@ﬁ@%gl%ﬁ?o = —® Lorentz
frame T wo b, =woby =0 PWIALTTTXTOD frame THRILD, TN L L, Lorentz K& hic
6.1,54, 60 AT B EABER L 2ADE, 7 | 2T CEOBREMENT, P BLOQ, Kob
TRILHEmERD, LT, wilB%E,

@Jﬁﬁiﬁ%ﬁfﬁx*w¥—x&&bmﬁmﬁﬁ&&b%&b:&:

BEAOL 5, (—RICRARIEIHI 5) generators OEBI IS DF—BHFEERS, L
U, LORIE w 38R 571 > 0 ORFELEB LAV LI, Thl iEBREDd LS, UT,
Py > 0 OEMESBTEE —REICHEST 5 KMS Sk L B LBRVZ L &7,

Flg) = [ dzo g(z0)F (20) DI operator KX LT P(g) 2y, = (21)/2§(Po)F S (G 12 g 0 Fourier
BH), Py >0 D&HEL D, § O support MEELEIZ LRI, F(g)Q, =0,

b Lw REBEE 51 T KMS Slailiied i, B8z, — w(F, (F] F(9))(zo)) (Fy, Fy € F)
AR {2 € C: 0 < Imz < §) ORTBRCEIERESN, Inz = 8 LB 5EREN
zo — w((FIF(9)(zo) Fy) £725%, LIdtoT,

Vzo € R I3 LT w( Fi (Ff F(9))(2o)) = (Qu, F1 Fi(z0) F(g)(20) Q) =0

=  0=w(F] F(9) F1) = (Qu, F] F(g) Fi QW) = (FaS, F(g) (F1 W)

= F,F:{EE®Z F(9) =0,

Fl(g) KoV T HRALHBICL Y, Fl(g) =0 #B50b, F(g) = Fl(g) =0,
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T, FUAUERSC Fourier B § = 0 LB BEED ¢ KHLT, F(g) =0, = ¥ zo — F(zo)
iz, bolynomial, T w ORFBEEREML Y w(F(z)F(z0)) = w(F1F) 55, #REK
LB, D%0, TRTCDFeF & zo€ R IEDOVWT F(zo) = F = trivial dynamics !
LRSS, (2303 BERREAEBNT) w 2 KMS SAET T L i3h 0 B2,

EHRT 5L FROEMEERERE w TN T
1. Bose-Fermi B4R AiZ#¥ T unbroken

2. H, B THEMPHELIRO generators (= supercharges) BFEFETIUT, T ORBITENFHETR
E:wob,=woby=0 |

3. 1& 2 DHEZHLOREILT = 0°K DEZEDH,

4. LedoT, BREERE CIIME - BEHOBIR S, EITEBXMFRMEIIBN, supercharges 1377
ELBRY, BREHZBoTHOHFMELZEIE TS Z LIIRFE  [spontaneous collapse],

3 Supertrace O&E| |

Supertrace “STr=Tr(e""-)" & superthermal ensemble “sz=STr(e=#H.)”
E.g. STr(1)=Tr(e""?7)=“Witten index”.

%% % van Hove [8] iZf>"C, bosonic 33X ¥ fermionic subensemble DIRHE wy, wy RIDELD X
D% s=pywy —pywy & LTHEZDNIE F EOBBIES s LHRLT, £OBNEMBRORS
¥EZX D, py, pr HEADERT, p+pr =1 REVERELSHTVE LTS,

LiIZ LT PER R 6,, 6y DT TOID s DIREVD, BHFRMED B RBHORH OB 221 E LM
£5%%5& LT, [s06, = s0d, = 0 D % unbroken supersymmetry, £ 5T\ & & spontaneously
broken supersymmetry] (see e.g.[3]) , £\ EEMARENSB, THIFELVH? = NO!

Supertrace states (22U VT DM : ZRFERERRRTIE, RO 2@ OFREHDOS :

i) s=0 (i.e., trivial case),

or
if) s08, #0 D 5065 #0

= Supersymmtric superthermal ensemble % 0 L2372\ !
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Remark

IDOZEDOYMEHENR: s=07b, p, = pr B2 wp, = ws, = “bosonic phase” & “fermionic
phase” ORFNITERV, [LEL, w, =w; PEBOHOBAETHHVBLML, E—FELIR,
LETT 50 Y, ] 5, s#0 DBFRIT2ODOFEREEHS !
(i) 72 LB 20oDRBDIEEDD [wy, #wyr] M
E72iX
(ii) wy = wy 1223 py # Pgo
BEIYENCEROH DRV TIIRE RV EWV I BRI H S (e.g. [8]) 7%, supercharge DIEEZHI
RLTBY, BNEOER TR E I PEAR, = (1) Z» LS pOHECHL, #lZid, positive
operator ® superaverage s(F'F) B8 F € F OV FRETELBARKBRHEWVI X O T, &
LS BRAS LB,

ZHWVWSETRHONL, supertrace DAL, BAFMEEROMEBEICE T 3FRESIHT OITHEN
B5, LML, trivial 228B8& s =0 2HITTHiE, supertrace AWV HERBFOEKRTYH, ARE
BECRMPMEREE 5 RAHRIT2V,

SEHA) s I2 VT O L OAES B4 IR 5, B, bosonic 38 XU fermionic subensembles
B OBAIBELT, 7 TR X —HEROBVHTHED
V_R3

I%L&WMEMRL%AEMAB)—éQ (11)

s OBAIFMEEBRAREDIRE s06, =0 & graded Leibniz rule Eq.(1) &6, FEED Fy € Fy iTH
LT

0 = s(6a(F_(2) Fy)) = s(6a(F_(2)) Fy — F-(2) 6alF3).
s DI s = py wy — py wy BRALT
1 u(BulF_ (@) Fy — F (&) 8a(F) = pr wy6alF- (@) Fy ~ F- @) 8(FL). (12
b, VIZEMIHE & FIHATZ DD, ﬁﬁﬂﬂ%?ﬁﬁqzﬁﬂi’ﬂi D, 7727 —# (11) 65 &, |
py (n(BalF)) wh(Fs) ~ (P 0s(8alF))) = by (5 (0alF)) w5 (Fy) — wy(F-) wr(Ba(F1))).
ws s 123 LC Bose-Fermi #B®IRAI ws ;(F_) =0 #4213

o wi(8a(F-)) ws(Fy) = py wi(ba(F-)) ws(Fy). - (1)
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HREEME wo(1) =ws(1) =1 XV p, wy(6o(F-)) = py ws(6a(F_))o ws, s #° thermal state 75A>5, i
HIORRITE Y wy, ;(6.(F-)) #0 L7253 F_ e F_ BHHE, LoC, BE (13) X Vw, =w; & py=p;
BHT, s=0 &72%, '

KIZ, wyr BBNZHREEO—RDOEFE, DL E, KRB w=pw +psw; ITHEHE w, OFIC
SRETED (PLRR) -

pws = Y. ps(6) ws, (14)
prws = ) ps(8) we. S (15)

26(60), P1(8) EEZNEI T,y 06(0) = ooy T 01(6) = py THAALE NIFFADES,

WD L & LFER, sob, =0 DIEEND Eq.(12) i8BY, ED4#E (14), (15) 2RALTHELN
FROZEBENZM-T, B8RV /R BT TNIE, RO OREHE wy ICOVWTHEHRIM DY FRAF—
BXv, | |

2 25(0) wo(6a(F-)) wo(Fy) = D ps(6) we(bal(F-)) wo(Fy). (16)

[BSy OREEEAED GERE) EIREDRS, EMRICI, BT Y, JERM b5V, B2 R
B 5D KRB0 T, EOXTORER V 7 R® L& OIEFRZBEBECHT 3 ELLBRLER
2, BRAEMICES DT ZTIIEM. ]

Eq.(16) T F, % (1/|V]) f, @ (6.(F_))(z) F, CEBHRX T, SFHEICHETS7 52 % —Met>
&, V. /R® OERT |

> 5(6) lwa(6a(F-)) P wo(Fy) = Y~ ps(6) |wa(6a(F-))I* wy(Fy). (17)

COBEEBRRT L, wp ICBIT HEED operator F, ODHIFFEDRKEE S ATTREOBRAIED
N5, = F_ DT F, 878, Eq.(17) 13, 2 2O 3, po(0) |we(b(F-))Pws BI T
Yo27(0) |wo(ba(F-))Pwe B—FFTHZ L ERT, POLNMO—EMITLY, FEED 0 THLT

P5(0) |we(6a(F-))? =ps(9) |wa (8o (F-)) .

we HEHPRIBD X, we(ba(F-)) #0 ERBXIBRF_ e F_ BIFELT, p(0) = ps(6) BAIH, B
£% (14), (15) XY s=0 B3F{ 5N, BXIFHEL supertrace (TEHAR LD LRV EBbh 3B,

Z 9 LT, supertrace iJ@XFRRLEROMEHGEICET 5 (Hor) HFRE251H T DB L
Th, ZOEOEAHFEERICH T HIRBVIIMALAAMORERZ VLSRN Eitbhok, Zh
i3, BIEICHITRTORMRBIZBIT 2RO ERBAREEL VS ﬁﬁé LEET S,
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4 F&H
B R BT O AR RS L 5 RETEER T, EZUAOTTOEMLET
PORAEIT 35V C, BRI B RAOICHE L, © OXMPMERRED 2V EEREREIIEZE L AR,

o EOBMIL, B 4RECOEMPEFEREICETS b0, L, —BEKZOEER, XV
BHIRT, (0.0, BREEI WE L RESZE MM I ARHEE R ORI ~b, 55 IR,

o LDIEATHL, EAILS point-like THDH T & DRVERTORF (R) L sETiIRl,
field operator @ (anti-) commutator OXIFHENZEMEES CHAEL BITHZ L LT PEE,

o L7#oT, b L superstring DEFHHER CEMFUENEDLRBICERLEN 52D, RRO
HRBEFZCbEAEND Z LIRS,

.« DLTHEENDENLS & b b SMORETRIS ML LTIt EROENFHE I,
Lorentz symmetry DEAMRLUEIND L MBATWS (9], LOHAE L OFRERRENT, 0
6, ATERIEE Lorentz ZHF 1L, BT CHELRDH, KAL LTHEIOICEROD
BIRMBIC L LR Y, BF, BAMICHES D L CHIAEMT 52 L bAERL WS &, Bt
FRHED B RAMETIIE 515 T 21 BR,

BOPRICAT S 0L S RHEBHEEBET 5L, RRERITBVTLOL ) B TEMFHEIR
B 55 DH ? BERRIETO B REREIITHED zero energy mode 1, Goldstino BI-F D &M 5 LR
#1372, 727 particle-hole pair DREEHHEZ b2 b 3757 [10] 2O T, ZOHEHF Y KITIULT
DN |

REOHEMRICBATMEREET 20TV TG HETE T 1D,

o BEORRE IR TV BATHES, BEYCOBR (L LTELLAEERE TEEFEL L
BOED, RHDLPICTS D L BGE, '

o 5, ERXT VIV RFREBML L S5RET, :@Eﬁf%ﬁ%%ﬁﬁbfcii, LWV S EREM D
HY, TOFH, BRFESRLLAVREMRORRERAT S LT BKREOC» bR,

L #oC, MBI ERDH 2 BEHEFAT, LD 2ODTEEDMANRERLTVIOMEHE
T B LT, (BT EE USRI IoMRY) EERBEL 25,
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