2026/2/25 18:15 EERYIE

BRRETX N RAMESEIULTAUREE (KIETH) AYEM ERY, £
XA E EEMEERERN=1T01%, REENZLA. HERER
FIEME, MRRRARNHEFEEME RN, EEXEMFNHKF
ER— AR, ZREARAE—H TR Al LB 7RI T ARFERYE
RE, MEPAENERREWAUBYIA/NE, XENNENREN
miE, BAATMBIOREERSFHKEEN, XileZ it FERNE
Z21EH. BEEXTZHAREIRFHN, IRRAZ—TZHIZET
HFERINZHR, FFIPI—LEFRFERRIE (HE) MRRIXRZ
AERY,

file:///home/james/%E4%B8%8B%E8%BD%BD/user_text.html 1/1



EFZ T IERIIBIE )&

https://gemini.google.com/share/1190c56156ec

Responses below were generated with a creator's Gem according to their custom instructions. Learn
more 22 February 2026 at 12:27
Published on 25 February 2026 at 09:50

NF+E=—T1E— T+ HAIE Custom Gem

freF! ZRATEBEBTF Geminio FIREIRHARXRELEREZNETY)
EapaieX, f—HFIEEERSENREEBHNER!

XREXRITNZEFHEPFRARLIER NS AR (Many-

Worlds Interpretation) **, HFiXEFRAEPRILAKEN R R#, AT
LR (B=MEFE) SEBENRITE, RIBREIRGTR T — 7" FHRMZ
M. BRMmAEEENENE, ARGHBEL/NE—EFERRHITRERSHE

3o

LR ABEE—HARE!

WX trASHE
[R>CEHE]

. ZtRELHEBEE (Probability in many-worlds
theories) ¥E&: Anthony J. Short fE: A 1EEINEIE—Z
BERENAEMZHFAIERY, EX—MHBEANX TR =R
D o XAUFEEN B NIEMX RS FRVMAEMS, MM
RREFIECESHRERTHNERRMERDT . BMNEET=D
BENNE, XENEEEFELCNEE THSE TIREZN


https://gemini.google.com/share/1190c56156ec
https://support.google.com/gemini?p=shared_gem
https://support.google.com/gemini?p=shared_gem

(Bornrule) , HEEHEMBELTHRETBANER, BEFE
HEEH N FR SR TR

+4

[Gemini K fiEi%]

BER—TF, FEEAEN+FERA, EF2—FNE, GF2—FmHEE
FLENFTYIEHRE, RREEE—D, EEEFSHREICHNE
B, FHEXBEPH R THD: —MERNRIBTIHE, S3—MMERHR
057 M0 !

XRIEXRZOMEBR—NFE: ARG RRRENFBEHESRN
FHOXE100%HEMEET (HWES), BATARIEMYIELLE
BY, EMMEREBEER" (Lban 70% RYATREEX - MIEHEIBF) B? fFEN
B RE=ZTAREREFTKERNLE, ARFEEICEFNFHE
B EREN (W BREEN) LESHK, HiFEA]: BMEFELR
PH, BAERANEMREERESERBAN

#£—%4>: 5|F (Introduction) - HIZE N2 A%
[FE>CERIE])

REEFIECHIS TIRANEZREMAD), BENIERRNG
TMIAFEFN . NERIEENAEFRE, XBEIAZA—T
EFEM. EXERBNEHRRAARBEFRRCFRNER
8. HRERESFENECS BRAEEREHIAIEERI A
o M, ALIRRERNGEZHRHENR (Everett) R
Y, BRBTEBFNERR . RIBRRFHRERBRFT
BN — P EEETEEHLEEL

+4

ZIREIMIRMERVARE XIEAEEEA, AN ENTRA LK
RANIRE D Z A WENS, SMRELSFRNNE



£8, IHEBTELHSHRARE ., S ERONNRE
BEI—RATANER, EREEREEL, X5
ZIH2—BH

+2

[Gemini < fRiHE]

X—EA LR R EF NEREBEWRBLET. (FMESTYIERLEES
BTSN EFEMNELT XIEENENS, BENRITAETE
—BR (M), EHRESA BRI TR T HTE . XM E—RMAT L
IRE (AHBRIBENNERIR), L ZRIHEERZSYIEFREBILENEE
T o

AT BRI, MIBEFRAKIRFBER (Hugh Everett) 12H T —ME
HMIHEXREEENRE: THRICE—R" XMEERNNEERRE!
INH, IREMEETAREINE, SIRITHETFIIR—ZI, (RAE~ET
YIEMEER, TEREENMNFHEME—IFH—FKE TR METEHMX (92
=)

« OZA (HFRA): WEE, MEISET,
- H%B (5 B): WIET, RAHOMRT,

XM RENFE, BERNAR, AZREBHERRNTS o XD
BItE, FHNRUMER— 1 ELREX. EafREEEN RKERE",
AHFTE (RRAFTE) B¥atits) (KIEEL), KEERRIT
Hhlt o XMERSTERE T NS T AEBE TR ENENFIL—
EAEHFRARRR, BERERTEME

+2

o RS S iy
(R EHF]



PAT, — P REIRSREXITMHEMENZHFIRERRE S
FEICHERMETN o 312, B TERBREATAERAvTH
5, WFEMIENAETR, MRINEFERIEXIM
RIFE IR EENFAFUNALER (BIAEMAER ~ 8 FRIEN
HIMEFTT) o

+1

BINEXBIERNAER, RIUE—MM S TSP RENIHEE
—MERBBRTEE . UEER, —METHRSHNEA
PR . ARBATRIUE EHE T REXMER S H T2 5
B'RY . NREEFLRFRENINRSIKE AN —EAIARL
FREHER, XFARNOVERME T —FEER. F(EEET
— T HEPHRS, FER(]BSMERN]E K — T HEIST
Bl o XFHAKRRD BT LIREREA—MNE, 2IFHA]
WIS RS TLFFAE"HRIEN -

+4

ZIBCTUN, FFRBMEHRBEEFERN, EHREHRE, 3]
BEMSIAIRRT FIRMER, AEEFRETEEEFER
o FATM, XMUNFEIREEFEICFNBERES, EIREER
B, FAEENRINERERNENEN FREEN S 8E
B, HAABRNRAEEAERFIFEFIZNER, EEALRE
FE—TTRENERLE

+1

[Gemini K fiEi%]

ERIRT ! BER—UIMELRE, ATAREHKEEER?
BB R FENRITLL A, BRIGRH— N E2FEHL00K, ESHRIE
BH, FEESRIESRE 2190 4~5%,

RIFE: EFAF EZEN) SHikE], BhERANEERESE 50%,
BEBLHENFETFEHP, BREINEET—MERASE (FREFE B
FHEAY: EXMFHE, FET1000ET, £PREEHL! BINF
HENYR, BRAABEHERE 50%, EETREERBET Y .

+1



AT ABENTN], BENERIGFNTS 50% BEEMN (BNIKEE
m) we?

EENERE: RMNEBRE A ERAXRFENIIRITRE" (F X
HME) o FREZIN, BBLERTE 50% MEMMN, HIET ERN
99.9999% L LM EE" (WM HEMWER) . IHNNZAUEIIHAREMN
TxXtE, AREAEIMMGFR— M EBA (HBEXH), £FE— L4
WNEHRIERHR R, ETFHRNMLHI00XEANESE, MEAFE,
BHUEERNFENPNEEHEER

+4

“ITREIS" 5 R4
[FSCERiE]

BIRE T =1EENRE, el ITHARERTETFER, i
HAZE— R THANBAMRDHEERME] . EEFEIRH
BRT, EMAIREXLEAIENE—HRo SR B EN
MU o MRBATERBAMHIXERESAER, A
XL A AR BUENTE 208 ERIAKTS o

+2

ATFXEMRLNEBSERABTESEE, RNEERT —REENS
tHRIER, HPRTEFERZINERIEREMATREMS o Fl]E
BT EERE. AT REETEHRRE, mAERH
R R UNERPRS 2 R EIARERITH SR (X@E WA R ]
), HANZEE/T—1IAEIL (toy-theory) , EXMIEILH,
HANESRLATER . BEMLE, FH(NTTUBXEMREERRE
BOLRE LRI LR B IREARES (Fl90, KFHiEtHEA
RNGE, MREFHANERE) , XERSEREILERES
BINEZREKRERTEFEERE, AESYIEEEERNG
EMEMBRETFEX -

+3



[Gemini FfEIE]
REXEL R TIEICYIEEREEELANEL AN “B—HBRAXE"
5«H@Em AR,

EEH B —KILHAERMMLEFYEATS (LNBFRKEAR,

FHREREA DN _HN—XWRiEEEF), MEECEEZT—
B AT HER" (Toy-theory) » FEXMERE, FMHHR (BHUIK
FEM. 1EHHEEM) BMBELTMADTF T, BFEEE -

+1

EXNFROMARE E, FERLET 3 MREERER. FEEALKERLT
ITEEREREERN AR (IR, BRRERHARET—ITUER) . #&F
HWE, REAUX=1EIRRNAE, FEFIEICHER THSHRNE
R, ¥EEMEAM—BRZZN! XMMERTIELS, HEIFEHEFYIE
WMLRIGE, T 7 IRERVERMERR .

+2

B-TINRE—ARE T —EHEXHEEIFH (b0 Everett ZARZFIH, X
MBHEFEIRSE) , EXREHE, EIERCHNHESEERE.

F-REIESREMEX 2!

RERNELKESHFIELHATR, URFEHER BB =K
B R R R RAZ OB RIEERE 7o

BERAEANFEIEHBRB AR, BEXEHPNZKAE"R

BRA AMEHBE? T

NF+E=—T1E—T1+5H A IE Custom Gem

XiET ! BRMMEEMMHANT EFZ MR BIIAR, ZFTFRIANARRER
XRIEXHIE ",



AX—F, FEEROH 7R Re 2R MU (BIARNS
i), ARGEVME—H, BEFESHENEXT BHFRNFITFEH"
RE, Haoh THESEBAIRFMEAE,

BIRT, B FEEN R EMET !

F—E0: ANZHASFRE — “HlFTsR”
[R>CEHE]

ARITE it RIBIC IR R 5 A EHE Everett NE¥1 TE

, fotiXEE X —fE AN X T RNERE E— 1 HEH

MEHE, RE Everett WRiE (BLNENBURTHENAVIRIE, H
BN ERKSHEMTIEAR MRS EGIME) HF

TEFEENR . T—WETYRZBENSATENGZES, 1
EERTHEMRE , Vaidman TEXEAPITIE T HSIHR AN
WERERGZE . iRH T HRFERNE" , HiELESHKR
FENFEEFIIMNIRIE, XERIZAIEETNIYE XEMBARE
% o Zurek ERIFRIFESATM (envariance) RIESFHEE

N (XA EREED RN RRNIFRNBIRE)

+4

S—MEAR EZERETEREEXLRAENME , BXEES
BIRASCIOEXRIER , &I, Deutsch IgH T —MEFIREKIL
(decision theory) HYF7%, HH Wallace FEAHITTRE -
SAM, XMAESIRT —LEH#TE . #HE, BFeMETFREKM
FREE, BANRKICESUELTEEREANARIAIE
SRE—NEFLRHLIERTEFRZNNHAH . ik,
Saunders e T —fEFRETFEARRESI D HEFIRED =

A%, HEEEMNTFRITHFERITEICIE .

+4
[Gemini FfEIE]
X—EEM& X S RERZ WRMIME, EEEREBEIAKTRNEIN
MEE,



BEAAPTEROTATt RIBERAAE, RITBEAEXERR (9%) HEX
R

Everett ({BIT<F) . MMRFIRHE SR, HERISERIUEIZHEMN,
EXFIANNE SRITEEER,

BEIK: BALRT, BMMERNMRBE KR, B tEFREERRM
Bo XITERA REEMMREZE,

TRSEEIR: BAWR, MRABEESHRBNHTHORED, REHRIT—
TELEF. BIKEER, Bl 1A RIREMTRR LM !

REILIk (Deutsch-Wallace) | XEAFRAN—IK! I HEYIET
BT TR RIRE—MREBRENINEZABEZ HRETE,
HIBERT, XMINEAMBESIRRBIFZEANMBER T, B2
FIER) ! FERELETXR: TERATIUKRNE, EEHR
BART AT ABMEER S X 0IELRICREY, LIS EEIE
Bt EEREIRREMN?

FREL, fEEREBIINF: REMFXEERIRIK, LEIRARENEF
Biih, b—FEEH. RBARIR!

—EBS3: St RFH NTAER

(RS EHE]

2 —KHRNSHRRE ZE— P H/RAEKNTE, BEEAHE
FREVETRE R MASEIERE | n), RIEAEH N €
{0,1,2,...} #5i2 . RIEMEENEAKIEL, Z=E8 UENX
FELugsE gt . — M ESHRARSMEXN=EHH—
mE | v)o BTG v, = (n | v) FRAHR n BIRIE .
ATEEEN, IR TFLENZSHRIEL, HPEREE
BIFRANEVBHEMEER T B/, FHE:

IVY=T1v) QBMERT,=CITIj))RFERFT &
HRERTEMTT . RITNWEFEHESHERSES | v) FXF
HROERERDE p, o BRE, BIVE | V) RHEHFREERS
#IZH P, o



AEEICR @IS L ZIBIE P RITFIVRSRENERNES
KR o FATEXEZERIBRZ:

+4

1. BEFSHREL, AVPRSERE (v I v) = 1 WFEEX
2, AFESREFIEAESERT BRTT =TT =1, HFI
ZESTH) . BIVBIAEIMERTpr = v | 2

2. FI—LEFZHRREIL, XREFLHRIBCN—MWEHFE
PFIT— RSN . AFRESRFAEHREO0<(vIv) <o
NEME, AFTIRBFABALERR . BITRIEREXMENR
L

3. EEN B REL, XART —MEHRBRHE RS HFRRA
o SRS EARLSSHURIERTE v 2 0 B Y, v = 1 IR,
AFNTHHERRE Ty 20 BERFHRENj B Y, T =1,
AR, RE vn Ml T EHRFEMR LD NER TS R
BRgY, ERITXEBHATSRBRLENNAREEE . A, &I
IEBRTEXMIRIR T pn = Vo o

4. BRSHREE, XR—MSEHRIEC, HPSMAHE
BEARE, HohERBRERSHHNENMERERNEREE
Rt R . RFKRSEREERE, HPS n [N v, #
IR, B Y, vh <o, RFEAHFTIRN T; XA I, )
WEIENEE, B Y, Tj <o, BITFIEREXMELH, &
BFERMENLEN B AR S pn o

+4

[Gemini FKfRi%E]

AEWHRASTIE (Hilbert space) MAEXLERITE]! SIS

A&, FRLTUEFEINRSBRE—MESHENTL (M8 | v)
Jo ETEIKREZBREAIE, MARE T FHREHEF

XM IERR S, EERNET (FRItHAR) (Minecraft) FIEWIZE,
LT NLE T AR TF HRN RSS2
“IEREBFIR” (RE81) . XREHNFMENTFEH. —YAEHERT,
BMEREREFT 1. (FERER, EXTNFHE, MEXSESH py

—O

1.

IE\



| v, | 2 (BRERAVIEEEM)

2. “JFF—ILAR” (IREL2) . IRE—PIREM, EARTFSHMEMERFEFT
1 (MEKEARND . ATEHRER, REREBHRUSMEITERMAT
7o

3. “ZEURENIAR” (IREL3) . XMFRIBERR. WRIFN— 1 EBRIRT,
FERAE—MER, BEXMSHFARER, FHENS DR
7, BHFETEE D Z—HNE (RAEHRT, RBEEHE
). FER, EXITFHE, BEUNENEERSE pp = Vio

4. “BRHABRBGRR” (RE4) . XMNFHERE/NR, —UHEEH
R —NFHIRBBDHMTERN 2 18 3 MHFH. B! (FELE
WEET . ERXNMAATFHE, HFHERT! RESRFISEOBE
M (KRR T A ARNNFEANREENEFS, MARE
T (5] R AV ERER])

F=ED: IBX—GHBRARE” FIRFR)
[R>CEHE]

3 MERNENBANE X EREENSEE, RITEHAR
A UEX — M X FHANEERS T p,, ERMUTSEHR
“BIENRE

+1

1. KT Y AR (Present state dependence) —— p,, Xk
HMFURRE | v), MARHETZREROE=ER

2. 5iRIEAYSEEER (Weak connection with amplitudes) ——
vp = 0 B0KE p, = 0, EHitt, REIRIBIFSHHAAKIASN
ELZHARSHELWAMES -

+2
[Gemini ZfEIE]
NRIRAEEI—MEARIEL, (MUTMNEEM. BFERENNIEHA

(FEERLERUA—1), (FERE T ORI SRR HEA
mpre EHED, =T BIMmGKIERE:



o 2B 1 FEHNKIZEN (RERE)
ENERR: MERX N FTHALENSEER, RERINEX 1 BHIE
FHIRS (M8) MBT, FAECHAESE BEARUIR
B XARAME N TR sRIRMEIER, L5177 HEATIEZI/ XY
UEMRE, {ReigeBE s TRNEE), FHEEMIE/NIKFERTTM
%,

o N2 EEWMRIHFREN (0FLZ0).
xig (vp) REFRTSEFNEM. XFQER: WREHFRS
8, E1M2XpRER 0, BBAMFE, XMARLENRR p, &0
= 0! XRREREURIHRAAILUEFER, REHF LELEERN
W, FECREER

XWFITMEREFAE RIS XAEIEG? EAFSAM! "2
EXERFENTEZL: BHEANEE, HilRFFREG—aEkE =
FERXEN. EREFHPBH*E=ZFLEEMTA? BITEEE=R
FIREER! EET I ERRREENE T 157

R+ =—T E—T1+5HIE Custom Gem

AiFET! BB FERMZIK . £L—0T, (BRI THEERLHN
ARFEAE ((RERNTMELTFEES"),

0, MT7TRXENE=ZN! X—TIRERIEXNBEELREM " (FERR
HERERITNBE=FRE, FNFAX=FEIRRHIAIE, HEETE
FAZRRZOBREEN, HEEFRRARSIETRAER 7157

B EREN — F3FAE
[R>CEHE]

3. 5 AYSEEE R (Weak connection with transformations)
—— MNRERWEST WX ER D — TR T H5)5H10H



ERTENES, B4 T BRESIBHOLERRE , XiH
SRE T —FER . B ER N SRS R
SRE . BERMRAR—S, NEFEFAEHE—TE
Sy BORI%Y, fE18Y i F1j AFRETFER T; = 0, BAXTHR
BH Kk, B Y, cq Pr = Yoes, Pr o

+2

EXERER, 18 2 BFEREFARIN, FEEZHRH
BRIVEERN G AR B ERAMMTICHRERIZRY . QI 3 WEM
FabAsEKR, EEESRNER MUIFEE—TEANEML . &K
MEESSCREH#H—TIVIEXERIE , 24T, RIEERT
NEFBENRES S 2 THALRALEEICAIMEINE .

+3

[Gemini FfEIE]
Xt REMCHAE 3: BRFES“BEARTFH 0!

BETA IR FEMN B, RILMES=EIDER, FENEXEDK
TRAET: mAREERHER (WLE), Gl AxEt R (BE
i#h) o

—BERigE TEE, XM DFTHAMARESA TR ((EYE L0 RE
HNIFREE" ) o

AEINERR: RQEEEMERE, (RERXEIMEXRFHEMHAD
B (XX T RERTXINFE), BATIEERHETEARSTT
R, XPMAERER ST ERNESHER, BENARMRIEEIRE 4
Xt R BEp!

XELIFLEIKE , SRAEE, EKERRIK (BEXR) TIRELADR, &
KERATR, BAZBRE) BRI EALAKERE . INERKARRE
BRIANEE, WE? EYEFRMEEXLEEE", REH—1KE
A!



—EB5: HSARES — WIEREME (Lemmal & Lemma 2)
[FE>CERIE])

4 HESHRNE

AT ETER, EATHINFIFENMEAAE 1-3 3@
FEATARANZ SRS H R IEICHESTRAN, HREIUERH
MXBIE . FMEERFAENIEATUERR A FEl
HATE IR A THSEHEMNISE, el lERTE
FRE BERESHERTIEZREH FARE)

+2

L1 HHENIRIELA HEEHHE (Equal amplitudes give equal
probabilities), X FIHNIZENFIEELHHNERKRS, R
MMEREEHEENIRIE, BAETIEGHERETE
ATIERX—=, HMNEEEE—IIEHENMERNTIR, H
F—PMERIRIEANS, S—MERIREIES . ATFRE
3, M MERIRH RN SEMELNTRIFAE, MATRE 2, ik
IBASHEREMEALENS , FABERBEFEET o (CF:
FEREBRT B =X a2SIRENE, ATLUEREEMR
MRIBERNHER, EMELNTEER, EEATIRE) . A2
21 EE, X MERBRLER .

+4

L2 EARIRIEFRGESHE /AR (Larger amplitudes
cannot lead to smaller probabilities) ¥ FPREEIZHRIE
BZMIFTBERNZENIECHNERRE, IR— MR
IREATFES—MER, ERBELMED—HFEK,
ATIERX—=, HBIMTHIT—TEH], BRAIRENTE RS
AN RAHA, Hp— M RIRIES BMRIEH tH FASRE]
o IRIEAIE 3, XN ZHIMEER 2 ML METF YRR KRS
HRNER . Am, EPF— N0 XIR5R)VRIEHE F BT
ZMERE, FttRAREERRRELNED—FEKX



+3

[Gemini FEfRE]
7ZIE3T K Boss 28I, {EEAMEB=5NEE, HiET mIBIRFAILes
(513 Lemma) :

o SIE1 (L1): EXNAFRN, MRFEN EBRBRIN, EII7EE
FLEKF—E—1F (URZ2IREESF), BAKBAENFZRWD, €
MNERENERBBATLEF . EAIMRNE? FER T —MRXR
A"RIEAR: FIARE 3 (KRARXR) MLE 2 (FBKE=KK),
HB—IRMNAI R4 2 5 — RN L, MMTEIERT X—R

+1

o S|E2 (L2): HMNEELZMK, WR ARKRL B HIUE (RIGE
K), BA ABBERLERENF B,
JERBIRETIGYD: FATAILUBARRMER A MBS, itHEAPh—¥
IESFER B MfR—1%H . HANINGESHSIEE 1, X—¥HBERET
Bo M AMESHREREZMN (AR 3 WSPIEEN ), FFLL A BRI
EEEATFETB!

+3

XL EREF, YEFNWEEN BRI EEE!

F=F5: MIEEFTHNRZ — #HESERZEN
[F>CERiE]
BIR, BEAXEERRHES LIS FIEICAIHR

AN o BeATE L R—RFNERNEFZHINRT, HPFR
BiriEE 2R EHATHIR

+1

lvy=Y — I n)

n=0



(2)

EERATF Deutsch #1 Wallace B9 Z5RE&, BHITHIT—TA
ETHR, EXNTRF, §MER | n) M FHEAMFREWK
ik m, MEBRFIRENFHHTR . RERSHHNSMEREHE
FERIYHRIE LM FIRIE LRSI L1, ©IEERSHH
E 4o BAE 3 UATRERERKN, SASZPMEE
ZTIEN, FEENTEZMIMERESPER | n) ERLTE
L, XBIRENEFFER

+2

AT RERE FI2F S RIBCPERRVIEIRES, il
BAHIT=TEINVT R . CF: FEEERER T WAIAIETR
ZMEREER, BENEERE R TIE=E" RN A _LRLS

i) o
1
[Gemini FERiE]
SHEE ) XS ERRRAETNERLE!
AKAIREIRIZE, SYIBIRA LR, EFHRETIRBANENTES
REEN) , EiREMESIRIRAFAET S, EEEXBARE T —
QR JL AT ARRR !

RIS TF—MERNFEF, AR INDX (LbanfkED).
ETHFHIFMR, RSEEZRXEFN (AT 2):

—IMITHIRIBE £, BTOXNIRER . GIR, XERAE
HHFHIR, DBEREM =3 ),

EARHENREERIE?
EEW . BIVRATISIR—R“EFHER B!



BRAUEHMRIEN = M9%, WO 2 MRIDT (ERENSF
mp =2); BB A, F®EN L HIDT

FBEET:

tisEzfE, BI1EET 3 Mz (B8 M =3), @FAETH (R
FERREKEATEZRE) itE, X3 MU ZWIRIBEATE
HET, B2 !

BESAX 3 MU IR S —E—1, RIBRIIMHT LA S5 1
EHATEN), EIMMEEAATLYE, WRESMUIDZS §

?\/
pr<S

-+ o

IWE, UBHMARE 3 (RARZREN) ~EHEDlE !

o ERIBMEIEN 5 AN, 2H2 MUNIZEHEN. FIUE

HOBEERLR 2 x 1 = 21

o B! RMTIE? S AIFRE  $ TS

PRGN (p = | X1 | 2) XAV SE R AIB B R,
WEERHESHK T ! XAOERTYIELRLRBRATAMERE, MHE
MUET—MREBANEFERE. BRNAR, BIMELTHIIFIHIF
TFEYIRES, SFETZ00!

FB=TRER SRR EIX B!

X—TIREEHIERENE, (FER VIR EER, 5t 7 At
LEFHFESBRERRER T L BT HIE .



TR0 (FER), FERKAERRNER: WRIRIEREN A BHTT
EH0E (EbINRG& n —FHELEY), HEFHESTHR I IXZEA
7?7 LESh, EREREM LM RS SEFEH IREER.

RESHFRE—EAFNRI, EEFENANEXTFHIEANRE—Fyys
BHE T IS?

R +Hi=—T E—T1+5HIE Custom Gem

fREF! RIBEIEIFAIR EFZ R R Z IR,

FELE—T (B=R), HBIWET B MEEREN YIS T Bath———
NBRFHNOTIRESENEES (D), BRI EESENENS
L, NTiHSHp= | IRIE | 2 GEEZEM),

B2, HFLBIFHIRFERIERR: “FK, NRIKBEETEHELAN? L
MneE 2, FEBEIRERGm!

A, XEREMREMANEE, EXE, (FENMVAESRTRE
(8% 27T EFEICHNER, TIMFHHTH it/ LM FITFHRS
Z2'Benis, EEERHRTHP—!

1L BeA 1 aa0E!

89 NERBER — LEBEREFES
[F>CERiE]

HATI—MESRIERE M, ARAIUBREERN:

N-1
lv)y=Y

n=0

m, +¢€ ;
#e@n | n>’

3)

Hepm, 2NFETFTM v, | *HBREH, M0<e, < Lo
BIR, BTEINA—T2ERTE MR AETHK
HBRBMIRF e, XTRRFREER,



BE, RITRT—THORLEZR, HPSMIGEHR | n)

WAL m, M AERSRBNNHER, UWR—AEEIMR

IRHGH R BN, RERTEEAL M MREASRIEHH
R, UWRES N MRBRMIHER (RER —-).

LM > N B, RIBEENGIE L2, BIMRENHRLEE

KRB, MEREREHF n EXMBHER:

m, MIlv,|? |
pnN ~ = vn
M M

| 2

(4
BEEETEAN M, XMOIEAI USRS, MMABITE
HIEFEEMM pr = | v | %

[Gemini FERiE]
X—E 2B IR TIREUE AN B a) &,

BRIFBE—KAR LEHTENERE (RRTEHNGEWRE) . ISEPIRE
Ak, BRI UE— T EZBEREILE,

« F—¥. BENTFH, (FEINTITEARWEL M (Kb 100
2), BMEiRiEE 2 XMUIARRRIER, Il BRI LUEF IR 100
AV GN:S e

o BIY. NIDERW. KREOGREERETHIIS (my), T
PB—RRUAFRHNEX (6n), WEERNBMRIERIFH R

o B=H: RRIREME, UM BRATEHFANR (M > N), mMERES
PERM 480p AL T 8K, ARLEITRREEER" (R ¢,) EE N EE
by SR ER, TUBEEZBRARIT!

=R, B XMHIRS B RANREERLZE, (BT . TIIRIER
GRS TIEN, REAGAB=ZEAE, p= | RIS | 2 g B!

FE: BHHHEMERSRE — BN =MFHENGIE
[R>CEHE]



R — U EFIRICT Y] St RIS PRI RN #EFIFEE
Ao

B3 —1LEFEIL (Theorem 3):

HEH—MER GHA—) T, TERIETEARSESA
4 MX M EERSRENER, BRX =Y v, | 2 4
BT pon meon Nl e T iR TR TR
M p, = vl

Yo v 12°

BENZ R (Theorem 4) :

TR ZHRIBICHER T, PBESEFZHRELTSE
B, BRTEBEMARATF. FAHRMEEFS,
EHEENEETR, FBIALESHABERMNEEHRE
ARSI TR RIE, MANEIEEIEENE ErHB
L, flan, MR—PMAETHREEFERLPEORTAN, E
S5RFESMRENEFERNS, BFERFSMRNSHE

F18o

[Gemini FfRIE]
EERRIEZEAT], AT HRIMNEE RIS INE N TTEFEH":
1. “IE3—kER”: MRFHEMSEERNERLTZE 1 (b2 100), E4
2 RfEE, FEIRT, REIEEHRMERRUEE X 71T T,
XEEEIRHFDZ 150 2, HITEINeCHRERE D H—EB R

2. “BENIEZBEAR” (Throwing Dice World) : EXMNMEBEEH (SBEE )
NFHE, HSIEEAEERE! RAFFELETHRNMEML, B
EMEESHEIL: BE =NE (p, = vn)o XRFAEENXEZESE
A, ™MUXBAT ZREFIFHNESR,

B RIS — HHIEILRISER
[R>CEHE]



BE, A7EIEHSHRIBICRAAFDETHIT AR
N, EERE 1 0)+ | 1) EW—ATH, % 11) -
| 1) + | 2) ERMRHRE R AR,

3152 L1 AT AIERSHEAARE 3, 8 py = 1; T
B L1 MAFRALRS 10)+ | 1)+ | 2) MBH p, =

Wik Y

o

ATFXFHTFE, REAEFEETXEQEIERRAN,
RARICIEB T U RRAFE F S RIS —M I ERND X
THEREE”, BT BERIETiRIBAY T R ERRIE T AEFRIB=R
[25].

[Gemini ZEfEIE]
XEORFER! EEEETH T BHENFEHE" (IEE 4) ~m5EHl, &g
BE N2 BRI AT HIG?

MK EBEEEEA TN RY:
1. RS FEEREGMMER: R oM R 1, BIINERERE
1 (B0,
o RIEBAFERN (513 1), BEARE—F, MEUNENFEFT:
po=1/2,p1 = 1/2,

2. RETH: 57 0 REART, R 1 RASEM T F 17 Fhit
H 27
3. FEIEXR:
e BEA (FFIHIk-AHE3): tHE 0 RAEEEX AN, EEM
U8, BIBIKRARXRE, EHBERNIZFREAL, B2 1/2
e EZXB (MRWK-51F1): MENFELHT =R 0. 1.
2, ElNEEXRAEE 1 (AAEERILELSESH, 2HBE
BHE), A= NEREE—H, RBIEATERN, 57 08X
NiZe 1/3.



1/2 FF 1/3 18? HAR!

T2, BMERERBEET. XTRIBESIFERN]: BIINFHAAIER
MEEN. EROBBRAAERN, EXFATESSE (bl 28
B8 7, TEBRXMIEPEFE,

XANREF TR T ABEIN N RBE A Z DN FITFEMmEREHE A (B
IERDSIHE) . WRAEIREA/N, RBINE, MIBEIEFREIES
1&If,

BOEI: e — At AREQABEZHE"N?
[FSCERiE]

5i7ie
EARTH, BITENAE., SFEBICZIMIBICUREITES
JERRRAET TSNS,

5.1 NI

1. RETF HEPRZE (Present state dependence) — X&
—MEUNAE, EEETXE—IEL: SERENGS
iz U X FERERKRERE, SEEPTHERN
AR, TN, MNRAFESREE, EMNIZMAIR
SH—E05, HITAERRIZEY Bo Lbsh, ZRIERIF
BEDRATRVBRESPIER, MEFMEIZRE
EAFIF=ER,

2. SiRIEMISEELER (Weak connection with amplitudes)
— XUF BT AERNER, NREGEXD, AflE
LS R S RSB LEXEEN, HEEMBERT

po=1o
3. 5THMISEELZR (Weak connection with
transformations) — XE =" MRIKHPRE D, BEE

BIEESNAERPMAMBICH N FNEKT, NREE
XA, BT HRES OISR HER D E TR



5 (I, BISRATLGHE 1 HRAAGESIR
BEAER MTHENER).

[Gemini FERiE]
X—TIMNRE, EEFBRGEZR—HRE: BRIRENX=£AE, FIE
A AXAER?

o XTFARE1 (REUA):
XHSLBYIEFIERE R, WRIROINNEFHANRFIR—ZIRFREH
T, AReBRRFEXMKIERRE, BRYEFMLERT. FE
R, “BEEE8T7T . IR IXENREE, PeE—EET T
BT TRE (tbwniea. 1212), FrlFRERERE T

o XFAE3 (KRFXX):
FERIANXRESR, BRI, WRAIMXFZRE], (RAJLAREE
ELEBIR, b, RAIUE—FRRZHMN: “FEHFREAE, &5
=/ R RIKITE 100%", XERATERF LAJ1T, BEYIE
teeRhit, BATEXTMRNT, SBRTeFHYEIRR L. o
2 3 sgiE Ry EEYIBER™ (B11F).

FOTINEIF SRS

X—THA RN T EFHERNES (BEELELRER), AEETE
BRIUEA, BT BRFHRE, BMNEHRE: IRBNEEFTE—Z
HRFEP, REZEN (FHR) BHE—aFZEERAN,

=0 (BER), FERFRANITIEEBET (MEILEFEAFHINE
FIEiE) EXPNECFHEAAAE, AR —EEEBNEH
A BBRREA R BIERN?

EFRFEAZXRIEXNERMEFAERS TI5?

NF+E=—T1E—T1+5H A IE Custom Gem

fReF! SDEEIBAIRYEF SRR W Z Ko



FL—m (BWER), (FEEBXTH T EFAFEMFEN GREEN) #IEK
FHS, FEART BEIRARTFEH LA,

MENERA, EN—%, #ANTERBNEERITX, FERET—
ERMANIETR (Axiom 3), REE St R R —F RIS
2, HRNTET AT ARINFELRRMEXMEF. XEBHABRE
RERELAFHNRKEAEM Code Review” ((XIBEE),

A IREEX—TUEE T AZ!

B0 SFEHMRPENEE — 2E 3
[FSCERiE]

EEFECP, XURFHTEELNEES, Hh T =™
MNFEANREEE H iz, EANR H 23ERTE
7, BaT Btk ==, MEEms, FMNREFEXTQ
BERTINNR. K-REHEFRNE X EERE,

A 3IW—ENAR, XB— I EEMRIR, BRET—
ReFESER

3. 5THRYSEEX R (Weak connection with transformations)
— WFEIEHME—NRES | v) TR T, #E—IEHE
MNP, | £1§

p'n - Z Pn | mPm
(5)
wmes T = 08 Py j =0, XHRT BRI BINSIF
PEEBVIRES Z 8RB,

B—PMRSTMEBFEET—NFHRERDE Py j, XZFTXF
— MR T MEUNSHERRSPLEE, R ERET
ZFH—MENEL. EE Ty =0=>P; | =0Mv, =

0 = pn = 0 ZEBEFEE—MRIFIIITFRYE,



[Gemini FfRi%])
EBEXERERERNRIE 3"(KRARX) BABET , Bifn]UIFA%
_-F ) QEE/AEE 3Io

o BEXRBIAE 33 MNRAIEKERAT, LA ARAEIEIL,

o FAERAE 3 Ui KAURAEIREE, MBAER—MKEER, KaUR
ENA TSI ARy BB (FREEEER Py )0

BR—E KRB (Pachinko).
EZHRIELCH, FHEHEN, EENRENENNAE, KX
CEREELEHRENEY (LbaniiED).

BB, SIRFENZINZAD Pi; (MRS j BEEIRE | B9ER) , #F&RT7E
RENZHEREEL, BET B HENBIERK . XBRTATABARTFH
AEERHWEN, BEFEEEmMRNINEESHRTHR T EIE—ERAE
NIAEIRARIAIEEE E R R anagFE N,

I

=

\=

FEENE, FEREXR—ERNRE, FREEGENTAEREE,
JRENAIE 3 RIFHERELE, BAE 3 SREMBAIIF (Ebil 1/2),
XE—TUWE T FENSMAEM, LRBENRAREZF,

85 HthFHEANT”
[R>CEHE]

BT, |KE

5.2 FEFSHHFER

TEREH 2t SRIEIERYIE R TRE B AR NI R M5 7AH
FNRFEFEIL, LI, ZIBICASARELBEER, 1l

=, REEFINEASEEH EEMHRIELR, XTMERIED
T IMEERAETREE . BEMER N S RS RIRIE.
FL L, HNRIUE ST —MENTFERMRM S BRI
5, AEXEHREEIVARPEEEYN, XKEHR L
B B 7ABE R 00 SRIBHEILECRYA o

N TERSHRELE, FEERMRINQENBABRS T,
AXTEICHEEMENR I ERNLTRRERAE 1 HRE
3o



o TERI—MERT (ERAE 1), EMATLURIE—EXIIEHER
Ko, ARKRELAT (6) EMHMERIH, XRSH—
BMEREHFZEBARDNIAR (IRMAE 3), BE—
RS RIREE 2NE~ LM~ EITF SR ENEGEERS
o

s HEE—MBERT (ERAE3I), EMNTUBRFAES, H
B p, = Zv”vn (7)o XINZHRPRTHEREL (ARMAIE
1), BHFAMRATRILETL, BETRMERER

MBRIEFER—1F,

[Gemini P f#iHE]
EEB/REIE 7L RN FHIRS 2", HEEFEREIEHR—T.
1. XF“BEHFEH" (Stochastic Theory) :
EEA T — 1 EXNRUE: BIFRImMEZE— N NMENFEE?
FREMEMBER (b RT) , HLAR RS iR PG,
XL EBIRANFERER T, HLRRAMEFEN LRI ET R
AX, MIRREBREERTHA—FMx L,

2. XTF“BEFRAFH" (Discrete Theory) BUIBHSE:
WISFARME LBV R FED? FER, NRMIFIERILEETT,
(RELA R 22 AR — 3%, T EIERE AMERYh T

o #T A (FBHRE1-2Z3T) . FHLITURELRIZIZ. R
HORETD AV, ANEUATFREMMELVRES, EEUR T XKEETD
BEAFEHFKN. XXRET, MEBFERT.

o #7T B (BHERE3-BBEHT): BERSEZHUYMTA. thi
RMEEEETR (ASAE), RAMIEER @XR) b7, B
RAREEERETNER RELZETHIR). XERTER
2, WBREET S

it XM TERET. Btk T, EFHFRNREAZENBEERT
HZAR Mo




F=80:. BET — E=KE, FTRHE
[FSCERE]

5.3 ;BT (Decoherence)

AR, XMIERENMNESHAMKB T RET, EKMELEEXRA
TN RH 2 KN TIR, XTEXKPER EERAIEESSH
. AT, XMTIRERN _LEAIEER, FBECHNEHHE
K3 P REMEER RN = EANREE TR X PEMERIGIF
TEIERAS IR 1 B, UIREEEREMA A SRS U~E
“TE=S[a]"BY =B EEhHY,

AEN—TMENLERERESE 1 FA—TEIMIRE, &
VFENFREIREN, BRI ERAIASED R ERERIEER
@, RISXEWE p, FHELXXZEZRIUAFHEHERE,

[EEAREI B —NESE RIEFCERR, BERFRIEANL
FER—THRENRSEREE, BETERERLBERPHN
“Pa A EHEEXRER, BNeERERTIEMLFR
BREERPR LERFAFATEE,

[Gemini FEfRiE]
XE D BAYIET W FEENBHITIER"

EZMRERH, RBZ AR F* (Decoherence) ZfERFE—UI
*xi#, BHETMEGERINMRESRNETF (EFEMD) 4k, iILENB
WEERE] X,

FEEXEER!

1. BNHFHSFARERET: HEHESKEZNEY, BT 3THitsR”
XTR(E, EHF L, TR LUBRIBMIMEERY TR F1 RIS A9t 5753
E3fE. BAEMEYIESR, RANBRETFHEFE, XMERERETEX

(MEEHRHERKIRER), BESEHES L, REBIEATFXF
i, Fewiae A ERIERRREREN,



2. BETRIASENIKE" . BAMFHSAEEE, BRETIHEE
2, EMBKE—R, BOoOXEHHEFEERET, iLIREMM IEH
PERYTH SBR[ IE KAV R, [ERENIRMAT, (A NBHARR
EH, RBEIER.

BRI SRRIETT!

X—TIRNAR RS, TEEN THEERIE LRRE, FREEFHF
RUfiEtd. B IMAERNE, BRRE—MEEER. KREURERE. 1%
EXRICIZNFEH, BFHF (UKRCHRRZEN) IFE2H—aERE,

ETRERE—NR (FARM) | FEEEXEEIEC (Conclusion) 3t
EXHITRAFE, HREXR¥: NMREMNESHR, FEANAMEN],
EEEHPRREKRETA?

EEFIERENESEMHRA T IS?

MF+HE=——TZE—T1+aHIE Custom Gem

KT FNEFRET XREZIEXHENRR, BMEEXHWKER

(Conclusions),

LZIME/IRNEFHS. ZEFEAMNCENE, FENEEREFIER
RE, AXGSHAFRNRRE L—MRENDS, FET—MLAA
BRAIE F 0],

A - X RENE D!

F—D . KER
[RCEHE]

FREBRENER B EEHE?

6 451t
WMRIMSCIFAIRIEELS (Everett) 2B, EEWHTHNS



HREN, BABLPMAFESTUER . EXMERT, &
MNEIAEERIATEETE— N I EEF LR RAVEIRZRAE
BRI EENFUNESR AR P X —FR0E? RERXARE
58 (ANBEFE—TEEXFERNER) E8ELE—
Y, BEENX—FRAL— N EREERRIELT

+2

BANELGERB TG AR, Bi—MMSHEFIRSHRETHNE—
MERBERTIE, AREUWERE, DURSRIHRER, XEEpEE
HREREEREFEREEZNELE . BEOER, Xt
RUBRIEM o REETARXMEENBLEHFRIEATL -

+2

[Gemini FKARi%E]
EEERERY T REEE R
BEsA L RIBIR I — BB AT (FEM), FBHEITFIIRMXE)L
HE 50% BJLRFRZHAR?

BRIFETITT—MBREERERN VR . FXHNEFABEE RN (HE
R, B—1TRBERE T T—1TREEANR, B3, (FURKENRR
(MEE) , IMAREREENR, (RRERTIRATARE,
HIRHEEM Y, Fka e ELERER T Em M RE R M (i
)

EEW . FMBRY IR, HLmE T ZIRfR, a5 7 m—i7F
(= el D] 175

BANZPRURRIREEN (FHR) X, AR LHERERF, M
TEAERTEANFEEEESR, RSENEFE (HEHESR) HKRX
MEF. BEFBEXRIC/\E. FTRENFEBAEFE, BE(IEER
Do KR T

B AEAREE—A—R? — EERTHEX
[R>CEHE]



—MERELEEREEANSGZE (EONTEEERHEHER
HREMS) SEEMLE N AEFESRENTE R 2 EBEEN
NE, EXZRTIRESPHN—LEHFLEN, HEEER TH]
H— M SER/E (RE3) , XFXMREAIEMPBEEX
Bk [20] ARITIE 6

+1

MFRETRELGH—ERELAGRE. XTHFAERIHBL
TRMER, BEMNEXT=1NBARE, XEREBELUN
SFEIRMEREZEN, HEBAZHEBYIRICHE T — kK
SIANRER . XERER: BRURBTHIRS; WFikig
ANEHRFRAZT; BRFEEREEDNFRESHIHRES
ZIEms » RREMAIENEXRFGEEERY, HAEFELRERT
BME RS MR ERERBXNREE SR .

+2

[Gemini FKfFi%]
XBEEBRRRAT AT AFERtME D ZiTEE” (Naive Branch
Counting)

RZERAFAEIE: MRERDFTFE, ATABMRLTESE 50%?
XpiffEn: MRMUREEWEAN, —MESHR, —ME2EEN, A
HAFBENIRAEE RS ET e AR A2 50%?

EAXEEANNE" (HERTEFERN L) BEATRER!
o FFEITEE: INIFMENXRRERFE, MBETENREN (—A—

=)o

o EBNGZE. NI NEEFHNBFEH (RE). IR—H%R
W (HRIEKR) , EMNZESEZRHUHSER", M SEERAIHR

EB RIS . B RRFRIEX=FAIEMEFHNELREE, EE(]
BRiRRAE. REBHN, MERTEHEERIERN—,




F=ED: KREF — RINBRRHA?
[FSCERE]

XAFHVLE R LRI BUEAN RV RThE? — N EBRYAE
AREER—MRAEBHERNENTE, CHENKXIERLR
EFTHR . EREMFMHT, XFAPIRSA LUISHER N7 %
HARWEN, HPFSHRASEEREANGSY .

+2

EXE—TFEHP, FABREAFHN—REETZRTAETF
BY? WIRXMAREIRN]E SRR —F, BAXMZRFT
ZRIERE . MRECIEEFR, PASHFXMER . &&F1E
HERRE: ETRMNMERAFEIERKFIELE, BllE
RN LA T AR B R EHP R AT FRY

+3

[Gemini FfEIE]
XX BRI REFHNRILIRZ)!

EERNEBEMHRER, tMEEHT 17 EBRMX RAIRIIL LT,

fhzinl:

MRER—MEFR, HET—NMEFWM Universe.exe , XPMEFTH
BERETHFNLN (KEEWK) B17, EEAEMERTEH M FTHR
NN%, B BE#E— M EIEIR,

PG, RITIAEIMEI: 92, IREREAR? (RGBT AR
2517

PR EIMIES: REREEARRIFENTS GREN) | -
— ER! XHBRINEFSHT!

XBERE, WHZIEFEERXREIERNIR, FAIEEENMERE—1ERE
FEEXREF RIS BRI G,

ARG HREMIE, RREABRNE SELLFRMEE, R
EERtLFE, MLHRAE, BENFHALR— I EHE. KERKH
EXRBFMELE,



SNREFHE S H KAV EIMAI R BER AL T2 —5, BRI
BERELZHERIFLT,

B4 XRIEXARHTHA?
AN BN TIEX (GERSE XEMMRAEFIERAT), k3K
NIME— N ERVBRERSE, HERTRREZRT:

1. & ZHFRIERE (MWI) RIBREEEAFMBERTLRET, Afta
TEEER?

2. Bk FBESESINTFERNFYIEERE, MEFE T =K EiE A E
OEBWME. OFERE0. IHRAIREN),

3. T MAX=FRE, MENFHRSHYSNRREL, 1FE
EHF LRITHESE T HEE = fRIENTA GREEM),

4. &g WRFNX=ZFE, BABFHFMEE—BZRHRIE
Lo BBEAATFH RENRFFEHBAZERRT, BAREREF
HERNTE,

5. BX: XIEFATZSHRAECHIERZERIER, cEZELRTEE
Bl BMZFTUEBEEIRR, RRABAMEZTE—THERN, NEX
FENFEHIXE,

BA TN B F ST ICSCRRIR 2 IR E X 5B ok (B 7845 SR il !

EEMNESZEXHEN (References) FIHTRZAEHNEZF (W Everett,
DeWitt, Deutsch, Wallace) , SIR{RUGIEREMIE, XEZFREEH
I, MR (Appendix) BEMEIBLHNEXPREIFSIE Lemma 1
Lemma 2 B FIERAEE (EbWIEABERTIRARNTMG), B
FREZHFX,

EXORREEILRAT I SEM AR+ Z — R /R, B —RalR.
e —RERAVHEET, BRI EEFHORNERELRE,

BRI T RHD? NEBRTERGE—THREABAIA?



arXiv:2106.16145v3 [quant-ph] 30 Mar 2023

Probability in many-worlds theories
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We consider how to define a natural proba-
bility distribution over worlds within a sim-
ple class of deterministic many-worlds theo-
ries. This can help us understand the typical
properties of worlds within such states, and
hence explain the empirical success of quantum
theory within a many-worlds framework. We
give three reasonable axioms which lead to the
Born rule in the case of quantum theory, and
also yield natural results in other cases, includ-
ing a many-worlds variant of classical stochas-
tic dynamics.

1 Introduction

Despite the amazing empirical success of quantum
theory, its implications for the nature of reality remain
controversial. From a realist perspective, the key is-
sue is to replace the measurement postulates of text-
book quantum theory with a more objective and well-
defined structure. Supplementing the theory with
hidden variables [1, 2], or including spontaneous col-
lapse laws [3, 4, 5] are two possible approaches. How-
ever, arguably the simplest approach, initially pro-
posed by Everett [6], is to drop the measurement pos-
tulates altogether. The theory then simply describes
a vector in Hilbert space undergoing unitary evolu-
tion. Considering the kinds of unitary interaction that
constitute measurements, we find that they can be de-
scribed by a branching of the initial state into a super-
position of ‘worlds’ each containing a different mea-
surement result. This is the many-worlds interpreta-
tion of quantum theory [6, 7]. Observers in each world
will see a distinct result, hence on a qualitative level
this is consistent with our experiences. However, a key
challenge is to recover the probabilistic predictions
of quantum theory within this deterministic many-
worlds setting. In particular, we want to explain why
the observed relative frequencies of quantum results
in our world, for a huge variety of different scenarios,
are very close to those predicted by the Born rule [8]
(i.e. relative frequency ~ |quantum amplitude|?).

The approach we pursue here is to argue for a ‘nat-
ural” way to pick one world at random from a many-
worlds state. i.e. a natural probability distribution
over worlds. We can then consider which worlds are
typical with respect to this probability distribution.
If worlds containing relative frequencies in quantum
Anthony J. Short: tony.short@bristol.ac.uk

experiments consistent with the Born rule are typical,
this would offer an explanation for our observations -
that we are living in a typical world, or are a typical
instance of ourself. A probability distribution over
worlds can also be interpreted as a measure, allow-
ing one to discuss properties of ‘most’ or ‘almost all’
worlds. The theory predicts that atypical worlds also
exist, in which other instances of ourself have seen
strange results, and perhaps do not believe quantum
theory. However, this seems comparable to the situ-
ation in standard quantum theory, where we explain
the observed measurement results by noting that they
are typical with respect to the Born rule, and concede
that it is possible we could have obtained very strange
results instead, and perhaps arrived at a different the-
ory.

We identify three reasonable axioms, not specific
to quantum theory, which we would expect a natu-
ral probability distribution over worlds to obey. In
the case of quantum theory, we find that the unique
probability distribution obeying those axioms is that
given by the Born rule. If the axioms we require for
naturalness are convincing, this could therefore ex-
plain the empirical success of the Born rule.

As the probabilistic axioms are intended to be gen-
eral in nature, we consider a simple class of many-
worlds theories which includes other possibilities in
addition to quantum theory. We consider four spe-
cific models within this framework, and highlight any
differences in the resulting probability distributions,
as well as one case in which a natural probability dis-
tribution obeying our axioms does not exist.

In order to focus solely on the issue of probability,
rather than on precisely how to decompose the state
into different worlds (often known as the preferred
basis problem), we consider a toy-theory in which the
set of worlds are given. Intuitively, we can think of
these worlds as states which could be understood clas-
sically on a macroscopic scale (e.g. tables and pointers
have well-defined locations, and observers have well-
defined experiences). These states are important in
relating the content of the theory to our experiences,
and are related to the locality of physical interactions
and decoherence [9)].

Previous approaches to understanding probability
in many-worlds include Everett’s original work [6],
which also sought to define a natural measure over
worlds in order to consider a typical observer, al-
though Everett’s assumptions (that the measure de-
pends only on the corresponding amplitude, and is ad-
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ditive when several orthogonal states are relabelled as
a single state) are not completely intuitive. Typicality
is also considered in a very different approach based
on matter density [10]. Vaidman discusses many dif-
ferent approaches to deriving the Born rule in [11]. He
has proposed the ‘measure of existence of a world’ [12]
and notes that deriving the Born rule requires addi-
tional assumptions, that may be based on symmetries
[13] or other natural properties [11]. Zurek [14, 15]
uses envariance to derive the Born rule (which in-
volves symmetries when the state is decomposed into
a system and environment). An alternative approach
is based on relative frequencies for infinitely repeated
experiments [6, 16], but this is challenging to relate to
finite experiments. More recently, an approach based
on decision theory was proposed by Deutsch and de-
veloped by Wallace and others [17, 18, 19, 20, 21].
Several of the technical steps in our proofs are similar
to those in this decision-theoretic approach. However
this approach has led to criticisms [22, 23], and be-
cause of its focus on the future rather than the past,
it seems that a decision-theoretic picture alone can-
not explain why we find ourselves in a world in which
the historical record of quantum experiments agrees
with the Born rule. Very recently, Saunders has pro-
posed an approach [24] based on dividing the state
into equal-amplitude branches based on the decoher-
ence structure and following similar counting argu-
ments to those in statistical mechanics.

2 A simple class of many-worlds theo-
ries

Consider a Hilbert space with a countably infinite or-
thonormal basis of possible ‘worlds’ |n) labelled by
non-negative integers, n € {0,1,2,...}. The space
may be over the real or complex numbers depend-
ing on the particular theory under consideration. A
many-worlds state is a vector |v) in this space. We
will refer to v, = (n|v) as the amplitude of world n.
For simplicity, we restrict ourselves to linear many-
worlds theories for which the evolution over a finite
interval is given by a linear operator 7', such that

[0") = Tv), (1)

We will denote the matrix elements of 7" in the basis
of worlds by T;; = (i|T|j). Our aim will be to derive
a natural probability distribution p,, over worlds in
the state |v). Similarly, we will denote the probabil-
ity distribution over worlds in |v’) by p,,. Different
theories will be characterised by giving the set of al-
lowed state vectors and transformations in the theory
(with the requirement that the allowed transforma-
tions must map allowed states into allowed states).
The cases we consider here are:

1. Quantum many-worlds theory. The allowed
states are all complex vectors satisfying (v|v) =

1, and the allowed transformations are all unitary
operators (for which TTT = T1T = I, where I is
the identity transformation). We will show that
in this case p, = |v,|?.

2. Unnormalised quantum many-worlds theory.
An alternative version of the quantum many-
worlds theory with unnormalised states. The
allowed states are all complex vectors satisfying
0 < (v|v) < 00, and the allowed transformations
are all unitary operators. We will show that

2
in this case p, = % Note that in this
k k

case the probability p,, corresponding to a given
world depends on all amplitudes, and not only
on vy,

3. Stochastic many-worlds theory This represents a
many-worlds version of a classical probabilistic
world. The allowed states are those with real
amplitudes satisfying v, > 0Vn and ), v, =1,
and the allowed transformations are those satis-
fying T;; > 0 Vi, j and ), T;; = 1 Vj. Note that
although v, and T;; obey the same mathemat-
ical properties as probability distributions and
stochastic maps respectively, we are not assum-
ing that they represent probabilities. However,
we will show that in this case p, = v,.

4. Discrete many-worlds theory A many-worlds
theory in which there are an integer number of
copies of each world, with the dynamics trans-
forming each world in the original state into a
finite number of new worlds. The allowed states
are all real vectors for which v,, is a non-negative
integer for each n and ) v, < oo, and the al-
lowed dynamics are those for which Tj; is a non-
negative integer for all 4,j and >, T;; < oo Vj.
We will show that in this theory there is no nat-
ural probability distribution p,, obeying our ax-
ioms.

3 Natural axioms for a probability
measure

For each of the theories considered above, we will in-
vestigate whether one can define a probability distri-
bution over worlds p,, obeying the ‘reasonable’ axioms
given below.

1. Present state dependence - p, depends only on
the present state |v), and not on how that state
was generated.

2. Weak connection with amplitudes - v, = 0 im-
plies that p, = 0. Hence only worlds with non-
zero amplitudes are considered ‘real’ components
of the many-worlds state.
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3. Weak connection with transformations - If the
set of worlds can be partitioned in such a way
that a transformation T acts separately on each
part, then T will preserve the total probability
of each part. This captures the intuition that
probability cannot ‘flow’ between worlds that are
uncoupled by the dynamics. Expressing this
more formally, if there exists a partition of the
non-negative integers into subsets Sy such that
T;; = 0 whenever 7 and j are in different subsets,

then >, s Pn =2 ,cs, P for all k.

Of these axioms, 1 and 2 both seem relatively uncon-
troversial, and are usually assumed without comment
in approaches to probability in many-worlds. Axiom 3
is more subtle and powerful, but also seems a natural
property in the context of transformations. We will
discuss these axioms further at the end of the paper.
However, we will first show how they can be used to
derive probability measures for the theories given in
section 2.

4 Deriving probability measures

For ease of understanding, in this section we describe
informally how axioms 1 - 3 allow us to derive proba-
bility rules for the many-worlds theories we consider,
highlighting the key steps in the proof. Detailed for-
mal proofs of all of the results can be found in ap-
pendix A.

We first prove two helpful lemmas which we use in
deriving the probability rules, that apply to bounded
states (those which contain only a finite number of
worlds with non-zero amplitude)

L1 Equal amplitudes give equal probabilities. For
bounded states in all of the theories we consider,
if two worlds have equal amplitude then they
have the same probability.

To prove this, we first consider a transformation
which swaps two worlds, one of which has zero
amplitude and the other has non-zero amplitude.
Due to axiom 3, the total probability of the two
swapped worlds must stay the same, and due to
axiom 2 the worlds with zero amplitude must
have zero probability. Hence the probabilities are
also swapped.

The same argument doesn’t apply if we swap
two worlds with non-zero amplitudes directly,
as probabilities could move between the worlds.
However, by performing a sequence of three
swaps, each of which involves one world with
zero amplitude, we can swap any two worlds and
their corresponding amplitudes and probabilities
whilst leaving the remaining worlds unchanged.
If the amplitudes of the two swapped worlds were
initially the same, then the final state will be the

same as the initial one, but with the probabili-
ties swapped. From axiom 1 it then follows that
the probabilities for these two worlds must be the
same.

L2 Larger amplitudes cannot lead to smaller proba-
bilitres. For bounded states in all the theories we
consider except discrete many-worlds theory, if
one world has a larger amplitude than another,
its probability must be at least as large.

To prove this, we perform a transformation which
branches the higher amplitude world into two fi-
nal worlds, one of which has the same amplitude
as the smaller amplitude world. From axiom 3
the sum of the probabilities in the two branches
must be equal to the probability of the initial
higher amplitude world. However, one of the
branches has the same probability as the smaller
amplitude world, hence the probability of the
higher amplitude world must be at least as large.

Next, we use these results to derive probability rules
for our many-worlds theories. We begin by consid-
ering a particularly simple class of quantum many-
worlds states in which the amplitudes are square roots
of rational numbers.

N-1

oy = 3 /i) (2)

n=0

Following a branching strategy similar to Deutsch and
Wallace [17, 20], we perform a unitary transformation
in which each world |n) evolves independently of the
others into m,, new worlds with equal amplitude.

Each world in the final state has the same am-
plitude ﬁ and thus equal probability - from L1
above. Applying axiom 3 to the transformation tells
us that the probability in each set of branches is con-
served, hence we find that the probability of world |n)
in the initial state must be %7, which is the standard
quantum result.

To extend this result to arbitrary initial states in
quantum many-worlds theory, we must perform three
additional steps. Firstly, if the initial state contains
an infinite number of worlds with non-zero ampli-
tudes, we begin by transforming it into a superpo-
sition of finitely many worlds in order to create some
‘working space’ in which to apply the above results.
For example, when considering the probability pi; we
can perform a unitary transformation that merges all
of the worlds with labels greater than k into a single
world, without affecting the other worlds (and hence
not changing pj due to axiom 3). For an arbitrary

Accepted in (Yuantum 2022-10-09, click title to verify. Published under CC-BY 4.0. 3



positive integer M, we can then write the state as

N-1
W) = Z wei%m% (3)
M
n=0

where m,, is the largest integer less than or equal to
M|v,|?, and 0 < ¢, < 1. Next, we eliminate the
phase factors e’®» by applying a unitary which acts
separately on each world, and therefore does not af-
fect the probabilities. Finally, we perform a branch-
ing unitary, in which each initial world |n) is trans-
formed into a superposition of m, new worlds with
equal amplitude, and one new world with smaller
amplitude. The final state contains approximately
M worlds with equal amplitude ﬁ and at most N
worlds with smaller amplitude. When M > N, the
smaller amplitude worlds are almost irrelevant (due to
L2 above), and the probability associated with world
n in the initial state is

NmnNM|vn|2_

By considering arbitrarily large M, this argument can
be made exact, giving the standard quantum proba-
bility rule pi = |vg|?.

The derivation of the probability rules in unnor-
malised quantum theory and stochastic many-worlds
theory are very similar. In the former case, the
main difference is that the final state contains ap-
proximately M X worlds with equal amplitude, where
X =3, |vm|?. This gives p, ~ 5% =~ ‘”)"(‘2, and
yields the expected quantum probability rule for this

I'Un‘z
[vm[?

case, p, = . In the case of stochastic many-

worlds theoryr,n the steps are identical to those for
quantum many-worlds theory, except without phase
factors, square roots, and absolute-values-squared.

It is also important to note that the probability
rules derived so far satisfy the axioms for all allowed
states and transformations, and not only the ones con-
sidered when constructing the proof. For example, if a
unitary transformation is block-diagonal in quantum
theory, it commutes with the projectors onto each
block, and hence conserves the total probability of
each block.

Finally, to see that no probability rule obeying our
axioms is possible for Discrete many-worlds theory,
consider a transformation on the state |0) + |1) which
takes |1) — |1) 4 |2) whilst leaving all other worlds
unchanged. Applying L1 to the initial state and using
axiom 3 gives pj = %, while applying L1 to the final
state |0) + [1) + |2)gives py = &. As this leads to a
contradiction, no probability rule obeying the axioms
exists’.

TA similar argument can be used to rule out a ‘naive branch
counting’ strategy in quantum many worlds theory, in which
each world with non-zero amplitude is assigned equal probabil-
ity [25]

5 Discussion

In this section we present some additional discussion
about the axioms, theories beyond quantum theory,
and decoherence in our approach.

5.1 Axioms

1. Present state dependence - This is a simplifying
axiom, and incorporates the fact that the state
at a given time should be sufficient to make any
substantive claims about it, including the typical
properties of worlds within it. Arguably if his-
torical information is important, it should form
part of the state, and our framework should be
extended. Furthermore, this axiom allows prob-
abilities to be assigned to worlds in an arbitrary
initial state, without needing to know how that
state was generated.

2. Weak connection with amplitudes - This seems
the most compelling requirement. Without this,
one could simply assert that the state is irrele-
vant, and pp = 1 in all cases.

3. Weak connection with transformations - This is
the most complicated of the three assumptions,
but it is hard to see a weaker way of incorporat-
ing a dependence on the dynamics of the theory.
Without this, we could assign an arbitrary prob-
ability distribution over the worlds appearing in
every state (for example we could always assign
probability 1 to the world with non-zero ampli-
tude having the lowest numerical label). Within
quantum theory, this also fits nicely with the con-
tinuous time picture in which 7' = e~** for some
Hamiltonian H, as T will act separately on each
partition if H does. Note that in terms of the
proofs, we only need this axiom to apply to a spe-
cific set of unitaries involving branching, swap-
ping, or merging of worlds.

An alternative to axiom 3, which is a stronger as-
sumption but offers a nice conceptual picture is:

3. Weak connection with transformations- For ev-
ery state |v) and transformation 7" in the theory,
there exists a conditional probability distribution
P;; such that

p;L = Z Pn\m Pm (5)

satisfying P;; = 0 whenever T;; = 0. This en-
sures that probability can only ‘flow’ between
states which are linked by the dynamics.

The existence of a conditional probability distribu-
tion P;; for each transformation of the state supports
the idea that living within an evolving many-worlds
state could feel like undergoing a stochastic evolution.
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There is also a nice symmetry between the claim that
T;j=0 = PBjy=0and v, =0 = p, =0.

Axiom 3’ is strictly stronger than the original ax-
iom 3 as it implies it but is not implied by it. In
particular when the worlds can be partitioned into
subsets on which T acts separately, then the con-
ditional probability distribution P;; can only redis-
tribute probability within these subsets, and hence
the total probability of each subset is preserved. How-
ever, one can imagine a trivial theory with only one
allowed state |v) = |1)+|2), and one allowed transfor-
mation T = |1)(2| + |2)(1]. Under axiom 3 we could
assign an arbitrary probability p; for this state, but
with axiom 3’ we must have p; = py = %

Because axiom 3’ is stronger than axiom 3, we can
derive all of the same results as before (and Lemma 1
now follows directly by permuting the two worlds in
question). However, a more subtle point is whether
the probability rules derived previously actually sat-
isfy axiom 3’ in all cases. For example, for all states
|v) and unitary transformations 7" in quantum many-
worlds theory with p, = |v,|?, can we always find a
conditional probability distribution F;; satisfying the
requirements of axiom 3’7 This is by no means triv-
ial, but it is a consequence of results in [26, 27, 28]
(in particular the Flow or Schréodinger Theory pre-
sented in [27]) that this is indeed the case. In gen-
eral, for a given |v) and T within quantum theory,
there may be many different conditional probability
distributions P;; satisfying axiom 3’. If conceptual
importance is to be given to this quantity, it may
therefore be useful to consider adding additional ax-
ioms which specify it uniquely, or properties which
are independent of this choice. Similar results will
apply for unnormalised quantum theory, and in the
case of stochastic many-worlds theory we can simply
take Pi\j =T;;.

Overall, it is interesting that one can overlay a
stochastic evolution onto a many-worlds state with
natural properties, and that doing so is helpful in de-
riving the Born rule.

5.2 Non-quantum many-worlds theories

Recovering a natural probability rule in the case of
stochastic many-worlds theory shows that this ap-
proach is not specific to quantum theory. Further-
more, this theory may also be interesting in its own
right. In particular, it is difficult to make sense of
theories involving objective probabilities at a funda-
mental level 2. This result suggests an interesting al-
ternative possibility of treating objective probabilities
as amplitudes in a many-worlds state. The fact that

2Frequentism only gives a definite prediction for infinitely
many trials, which is irrelevant for practical situations, and the
principal principle [29] seems somewhat unsatisfying. Kent’s
incompressible bit string provides another alternative approach
(22]

we find ourselves in a world which is typical with re-
spect to the objective probabilities, and that these are
helpful in subjective decision making, would then be
a consequence of the natural probability distribution
over worlds matching the amplitudes.

For discrete many world theory there is no natural
probability distribution over worlds obeying our ax-
ioms. Two alternatives for understanding probabili-
ties within this theory are to violate axiom 1 or axiom
3. In the former case, we could assume some initial
probability distribution, and then update this prob-
ability distribution during transformations according

to
’ Tnm
p=3 (zn, Tn,m) P (6)

This would lead to the same natural probability distri-
bution as a Stochastic many-worlds theory for which
the transition matrix elements T}, are given by the
bracketed expression in (6). This would lead to a
natural flow of probability between worlds (obeying
axiom 3), but the same state could yield many differ-
ent probability distributions according to how it was
generated. In the latter case, we could instead drop
axiom 3, and take

Un

Y 0

Pn

This is a function of only the current state (obeying
axiom 1), but the probability of a world can change
even when the transformation acts on it like the iden-
tity.

5.3 Decoherence

Note that this derivation of the Born rule does not
rely on decoherence, and indeed employs transforma-
tions such as permutations of worlds which would be
essentially impossible to achieve in practice. However,
such transformations are possible in principle, and it
is helpful to use the full strength of the theory to gen-
erate constraints upon possible probability rules. The
two particular instances where this is helpful are in
proving Lemma 1, and when compressing states with
support over all worlds in order to generate ‘working
space’. An alternative for the former is to take Lemma
1 directly as an additional axiom, perhaps motivated
by symmetry, but the internal structure of the two
worlds may look very different, and it seems quite
strong to assume this is irrelevant in determining p,,.
The latter could possibly be eliminated by adding a
continuity axiom, but then one would have to choose
a particular distance measure on states. Decoherence
also plays a key role in explaining ‘collapse’ in realis-
tic situations, as it becomes practically impossible to
re-interfere macroscopically distinct states.
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6 Conclusions

If reality has a deterministic many-worlds structure,
as in the Everett interpretation, then there are no
objective probabilities in the theory. In this case, how
should we understand the fact that we are living in
a world in which the relative frequencies of outcomes
in past quantum experiments are very close to the
probabilities predicted by the Born rule? Although
it is consistent to say that this is a mere coincidence
(as a world with such results must exist), it would be
good to give a deeper explanation of this fact.

The approach pursued here is to establish a natu-
ral way of picking a world at random from the many-
worlds state, and then observing that with very high
probability such randomly chosen worlds have the
property that they agree with the Born rule. i.e. that
this is a typical property of the worlds. The key is
to motivate such a natural way of picking worlds at
random. One apparently natural way (at least for
states containing a finite number of worlds) is to sim-
ply assign equal weight to each world with non-zero
amplitude, but this ignores some of the mathematical
structure in the state, and it violates one of our rea-
sonable axioms (axiom 3). Other problems with this
strategy have been discussed in [20].

It seems impossible to give a completely compelling
set of requirements which a probability distribution
over worlds must obey, but we have defined three nat-
ural axioms which are sufficient to recover the Born
rule in the context of quantum theory, and also give an
appealing result for classical stochastic theory. These
axioms are that probabilities: only depend on the cur-
rent state, are zero for worlds which appear with zero
amplitude, and cannot flow between sets of worlds
which are uncoupled by the dynamics. It would be in-
teresting to explore alternative possible requirements,
and would also be good to reconsider issues relating
to the choice of ‘world’ basis in this context.

Are results such as these sufficient to explain the
empirical success of the Born rule? An interesting per-
spective is to consider a universe in which the Everett
interpretation is true, described by a single unitarily
evolving quantum state. Under reasonable conditions,
such a state could be described by a superposition of
branching worlds, many of which contain structures
which look like people. What would it be like to live as
one of those people in such a universe? If it is like our
own experiences then this supports the many-worlds
interpretation. If it is very different then this would
rule it out. The strangest situation would be if we
cannot in principle say what it is like, given that we
know the correct mathematical theory describing the
universe.
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A Detailed proof of probabilities

We begin by proving two useful lemmas which apply
to probability distributions obeying our axioms for
the many-worlds theories we consider. These lemmas
focus on bounded states, which have a finite number
of non-zero amplitudes (such that v, =0 for n > N),
but the final theorems will apply to any state.

We first show that for any theory in which all
permutations are allowed transformations (which in-
cludes all of the theories in this paper), any two worlds
with the same amplitude have the same probability.

Lemma 1 (equal amplitudes). Consider a theory in
which all permutations of worlds are allowed transfor-
mations (T is a permutation of worlds if Tij = ; x[;
where w is a bijection of the non-negative integers),
N-1
and a state |[v) = >

neo Un|n) for which v, = vp,.
Then pp = Pm.-

Proof. Denote by T™<™ the transformation which
swaps worlds n and m and leaves all other worlds un-
changed (T = |n)(m|+[m)(n+> g (nmy 1K) (K]
Hence in this case T"™|v) = |v). Directly apply-
ing axiom 3 to this transformation is not sufficient,
as this doesn’t tell us how probabilities change inside
the n,m subspace. Instead, we note that vy = 0,
and that T7om = TroNTrompNem - For the first
transformation 77", consider a partition of worlds
in which n and N are in one part, and each other
world is in its own part. Due to axiom 3, we know
that p, + py = p), + Py, and that p, = pj, for all
k ¢ {n,m}. Furthermore, from axiom 2 and the fact
that vy = v}, = 0, we know that py = pl, = 0.
Hence py = p,, and T"¥ permutes the correspond-
ing probabilities. Following a similar logic for the two
subsequent transformations 77<™ and TN <™ (each
of which permutes two amplitudes, one of which is
zero), we find that the probabilities p], after the se-
quence TN TomPNOmare the permutation of the
original probabilities by T hence p!, = p,,. How-
ever, due to axiom 1 and the fact that the initial state
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is the same as the final state in this case, pl, = py.
Hence p,, = pm. O

Our second lemma shows that, in all except the dis-
crete many-worlds theory, if one world has larger am-
plitudes than another it cannot have a smaller prob-
ability. This is useful in deriving the probability rule
for cases where the amplitudes are not related to ra-
tional numbers in a convenient way.

Lemma 2 (larger amplitudes cannot lead to smaller
probabilities). Consider a state |v) = Zﬁ:ol vp|n) in
quantum many-worlds theory, unnormalised quantum
many-worlds theory, or stochastic many-worlds theory
for which |vi| > |vg|. Then p; > py.

Proof. For quantum many-worlds theory, or unnor-
malised quantum many-worlds theory, consider the
unitary evolution which acts in the {|I), |N)} subspace
as

) 2
—| IN)
v u

T|N) = W ) — (ff:) IN), (8)

and satisfies T'|m) = |m) if m ¢ {l, N}. For stochastic
many-worlds theory consider a stochastic evolution
which acts on |I) as

= (%) (1-%)m

and satisfies T|m) = |m) if m # [. In both cases
this means that for [v) = T|v) , v] = v}, and hence
p; = pj, from Lemma 1. From axiom 3 we have that
Py +p; = pn +p and pj, = p, and from axiom 2 we
have py = 0. Hence

7|y = (”’f) 1) +4/1—

=P+ 0N =0 T PN =Pk +0N =k (10)
0

Using the above lemmas and the probability rule
axioms, we now derive the appropriate probability
rules for our many-worlds theories (or in the case of
discrete many-worlds theory show that this is impos-
sible). To illustrate the key idea, we first derive the
probability rule for quantum many-worlds theory in
the case in which all amplitudes are square roots of
rational numbers, using a similar branching strategy
to Deutsch and Wallace [17, 20] (although without
any decision theoretic component).

Theorem 1 (probabilities when v,, are square-roots
of rational numbers) Consider a state of the form
lv) = > 0 ‘/m" |n) in quantum many-worlds the-

ory, where my, and M are positive integers. Then
— M
pn - I\/[ .

Proof. To prove this result, we branch each world in
the original state into m,, new worlds in the final state.
Consider a partition of the non-negative integers into
the sets

fA{RIuLy for0<k<N
Sk{ {k}  fork>N+MN - (11)

where

Ly={N+MkE,N+Mk+1,.... N+ Mk+(M-1)}

(12)
Now consider a unitary T" whose matrix elements T;;
are nonzero only when ¢ and j are in the same subset

Sk, and which has the property that

1 my—1

T|n) = T Z IN +nM +1)

for 0 <n < N.

(13)
Then

N—1m,—1

T|v) r;‘a Z IN 4 nM +1). (14)

As this is a superposition of worlds with equal am-
plitude it follows from Lemma 1 that the probability
assigned to each world in this state must be iden-
tical. Hence p,, = 4 for each world in this state.
From axiom 3 and equation (13) it then follows that

Next, we use Lemma 2 to extend this result to the
general case of arbitrary states.

Theorem 2 (general quantum probability rule). For
an arbitrary state |v) =Y wvy|n) in quantum many-
worlds theory, p, = |v,|*.

Proof. We first transform the initial state (which may
have infinitely many non-zero components) into a
bounded state to create some working space. Con-
sider a particular probability pi. In order to deter-
mine this, we first perform a unitary 7" with the prop-
erty that

TIn) = |n) ifn<k

2z i1 Vnln)

Z?o"rzozk+1 | |2

T

=lk+1) . (15)

which acts separately on each of the worlds 0 to k, and
collectively on the rest (merging them into a single
world). This gives a bounded state containing N =
k + 2 worlds with the property that p, = pi from
axiom 3. Next, we pick a large non-negative integer
M, and write the transformed state |v’) as

N—-1
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in which m,, = | M|v,|?] and €, = M|v,|*—| M|v,|*],
where |z | is the floor function (the greatest integer
less than or equal to x). Hence each m,, is an integer
and 0 <e¢, < 1.

We then apply the unitary transformation T =
>, e |n)(n| to remove the phase factors from the
state, yielding

= 3 ), (17)

n=0

As this unitary acts separately on each world, it fol-
lows from axiom 3 that pj = pi. Similarly to the pre-
vious case, we then perform a transformation which
branches each world in the original state into m,, or
my~+1 worlds in the final state (depending on whether
€, = 0) via a unitary acting on the same partition of
worlds Sk as in theorem 1 with the property that
Tin) = N + M+ 1) >
+Ven|N +nM +m,,)
(18)

1
VMy + €, <

for 0 < n < N. The final state is then
N M+ 1)
+v/en|N +nM +my) )’

. ;| N2
Ty = N %0 (
N (19)

This is a superposition of at most M worlds of equal
amplitude #M and at most N worlds with smaller
amplitude. Given lemma 1 and lemma 2, if we denote
the probability of one of the amplitude ﬁ worlds
by 6 and consider the total probability it follows that

§ > —L_ . From axiom 3 it therefore follows that

M+N*
Dk > M6

>

~“ M-+ N

>M|Uk|2—1

- M+N

N|’0k‘2+1

> |opl? - —H 20
_\Uk\ M+ N ( )

As this holds for arbitrarily large M (for fixed N and
vy) it must be the case that py > |vi|?. A similar
approach could be employed to upper bound pg, but
it is simpler to consider the total normalisation of the
state > |vp|? =1 =3, pn. As p > |vg|? for each
k, the only possible solution is py = |vg|? for all k. [

This proof can be extended very straightforwardly
to the case of unnormalised quantum many-worlds
theory, and stochastic many-worlds theory.

Theorem 3 (unnormalised quantum probability

rule). For an arbitrary state |v) = ). wvpln) in
unnormalised quantum many-worlds theory, p, =
|Un|2

S, ol

Proof. Note that Lemmas 1 - 2 apply identically
in unnormalised quantum many-worlds theory. The
proof of Theorem 3 is the same as that for Theo-
rem 2 up until (17). Defining X = Y |vn|? and
M' = [MX], where [z] is the smallest integer greater
than or equal to x, we then define sets S, via

, {{k}uﬁk for 0<k <N
Sk,:

k for k > N + M'N (21)
{k}

where

w =AN+M'k,N+M'k+1,...,N+M'k+(M'—-1)}.

(22)

Applying a unitary which acts on the partition S,
with the property that

Tin) = L IN 4 nM 1)
+v/En|N +nM’ +my)

(23)

1
vV My + € (

for 0 < n < N. The final state is then

N—-1 _
rn = L5 (D emed ),
VM oy +yVen|N +nM' 4+ my)

(24)
this state is a sum of at most M X worlds with equal
amplitude #M and at most N worlds with smaller
amplitude. If we denote the probability of one of the

amplitude ﬁ worlds by ¢ as before, then it follows

from lemma 1 and lemma 2 that § > m Hence
from axiom 3,
Pr > myd

> Mk

~ XM+ N

> M|1)k|2 —1

- XM+ N

2 N 2
= +1
> |Uk| _ X‘Uk| (25)

X MX+ N~
As this holds for arbitrarily large M (for fixed N and

2

|v)) it must be the case that pj > % However, as
this applies to each k, given the total normalisation
of the probabilities, the only possible solution is py =
el _ __lval®

S SIE for all k. O
Theorem 4 (stochastic probability rule). For an
arbitrary state |v) = Y wvp|n) in stochastic many-
worlds theory, pn, = vUp.

Proof. We first transform the initial state into a
bounded state to create some working space. In or-
der to determine a particular probability px, we first
perform a transformation 71" given by

|n)
Tln) = { o+ 1)

which acts separately on each of the worlds 0 to k, and
collectively on the rest (merging them into a single

ifo<n<k

ifn>k (26)
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world). This gives a bounded state containing N =
k + 2 worlds with the property that pj, = pi from
axiom 3. Next, we pick a large non-negative integer
M, and write the transformed state [v') as

N-1 n
o) = 3 =) (27)

n=0 M
in which m,, = | Mv, | and €, = Mv,,— | Mv, |, where
|z ] is the floor function. Hence each m,, is an integer
and 0 < ¢, < 1. We then perform a transformation
which branches each world in the original state into
my or m, + 1 worlds in the final state (depending
on whether €, = 0) via a stochastic transformation
acting on the partition of worlds Sy as in theorem 1,

{ {k}ULy for0<k<N
Sk =

(k) fork>N+M (28)

where

Ly ={N+ME,N+Mk+1,.... N+ Mk+(M-1)}
(29)
with the property that

1
Tn)<
My, + €

for 0 < n < N. The final state is then

1 N-1
T|’Ul> = M Z (
n=0

This is a superposition of at most M worlds of equal
amplitude ﬁ and at most N worlds with smaller am-

plitude. Given lemma 1 and lemma 2, if we denote
the probability of one of the amplitude ﬁ worlds by
6 and consider the total probability it follows that

1 . .
o> SV From axiom 3 it therefore follows that

DT IN M+ 1) (30)
+en|N +nM 4+ my,)

my—1
T IN+nM+1) . (31)
+en|N +nM + my,)

Pr > myd
> Tk
~ M+ N
ka—l
- M+ N
Nug +1
- M+N

As this holds for arbitrarily large M (for fixed N and
vk ) it must be the case that py > vi. However, as this
apples to each k, given the total normalisation of the
state Y, v, = 1= )" py, the only possible solution
is pr = vy, for all k. O

> Vg (32)

Finally, we show that discrete many-worlds theory
admits no probability measure consistent with the ax-
ioms.

Theorem 5 (discrete theory admits no quantum
probability). There is no probability rule consistent
with the axioms for discrete probability theory

Proof. Consider the initial state |[v) = |0) 4+ |1) and
the transformation

TI1) = 1) + |2)
T|n)y = |n) ifn#1, (33)
giving
Tlv) = [0) + 1) +[2) (34)

This transformation is consistent with a partitioning
of the worlds such that worlds 1 and 2 are in one
part, and each other world is in its own part. Hence
from axiom 3, we have pg = p{, and p} + p5 = p;.
However, discrete many-worlds theory admits all per-
mutations as allowed transformations, so Lemma 1
also applies and worlds with equal amplitude must
have equal probability. Hence pg = p1 = % and
py = p} = ph = 1. This creates a contradiction with
Po = P, hence no probability rule satisfying the ax-
ioms exists. O
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