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Abstract

AMRFETE., MROD—OBEZAVTEFROFEDVIROBPZARLTOEREL TH
RETO2I2. BICEDRBEREIEDVROBOFEALBREZBRIDIVY—J I AER
ICHARET 2. —RICEFRTCRBEBETECRBESL-HMASHADELUCHEDICENETHD N

. FTEEDRRARRE —MRNEFED—DOTHD, LA LENSEFERRGE. —&I(C. FEH
MREGEEABRNROD—ZRH DIV AZY N BRBENFREVYPEBRISVTIRRVIENZS
2BV, TOLOROFERNBEMFEN VEERDN, TORSBPTUH -1 ABHRE
B EDEAZEERTRLES., ChETORNCEDRFEZHTT 2B 0 SEEBRIFEN
FEE2EAELHEEATV S, AARRETR., V-2 I ABROFZOEFHRADISHEZ
BELTUTOMREIT? .
NERNFERFIFv—> YA EVAYWESKEROV Y —I 10 ARBE

DH—J I ABRMOBOEFRANOHEAOLDHICE., FTHEBEERINShTVBIRTUH—
SIVABEEBNMTAEN TANDE-—SFELTEETHD, AMRTE. HHEOERN
Fy—HAEDAYESHKERCHSVT, "TEBALOFE &> THREBEEIRBEBNBSH
BIEIFALT, TNSORNSUABRBEREZEEHL., ARV Y- I ABEZRFE DS
EZREAL I,

2) ZIRTCPANIERFE S IR BRIZE B NA AU BETOIEBHNFES

TIRTCPANFERIES N BRI, MUVHEEERAZRRTHQCONDLS BIRTOT —JBR/D
BOURNAEFITHDESH, THICRTRIVH—JI 2 AOERGE. QCDANDBA., HIZLWh
)/ —NXOVEEOHEROKAOERDEHRFENATVD, CORRTRENA A EFEND D
H—IIDABRMICEVTRERZBZELHL, TOIREBNFEN) /—IXOVOFSEFE
TNTLVBEYRKEHRLTVB EZRERL I,

The aim of this research project is to understand non-perturbative effects in quantum theories by
using topology. In particular, the research was performed with a focus on the resurgence theory,
which relates perturbative expansions and non-perturbative effects in quantum theories. In general,
exact evaluations is not possible in quantum theories, so that we usually rely on some
approximation method. The perturbative expansion is one of the most standard method. However,
it does not give a precise answer when there exist non-perturbative effects, such as instanton
effects characterized by non-trivial topology. The resurgence theory relates perturbative/non-
perturbative effects and hence it is expected to complete the analysis in a fully non-perturbative
way. Aiming for an application of the resurgence theory to quantum field theory, | have performed
the following research on the resurgence theory.

1) Resurgence structure of supersymmetric Chern-Simons matter theories

To apply the resurgence theory to quantum field theory, it is an important first step to study the
resurgence structure in models with known exact results. In this research, focusing on the property
of supersymmetric Chern-Simons matter theories that some exact results can be obtained by using
the localization method, we have derived their trans-series expressions and showed that they have
non-trivial resurgence structures.

2) Bions and non-perturbative effects in two-dimensional CP*N non-linear sigma model

The two-dimensional CPAN non-linear sigma model is a good toy model of QCD-like four
dimensional gauge theories which describe the strong interaction, so that the application of the
resurgence theory to the CPAN sigma model is expected to lead to the application to QCD,
particularly, to the so-called renormalon problem. In this research, we have derived solutions called
the bions, which plays an important role in the resurgence theory. Furthermore, we confirmed that
their non-perturbative effects agree with the expected renormalon contribution. This is an important
step towards the resolution of the long-standing renormalon problem.
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Topology and non—perturbative effects in quantum physics

1. HIREBRFROBE

ARARREETE. MROC—DOBSERAVCEFROEESHEDMBRBALZ R TOBIEELTHEEIT o= FIIEBRKEREE
ESSREOBOEBRLEEREERT IV —C o RBRICHEEIT oz, —RICEFHR CIIBFFEIIRE L -OALHNDE
PIZEEAZENETHAD . P THEFERIIRL—BHNEFEZO—DOTHS, LOALENGEETRERIE. —B(C. EEHHREGER
BMROS—F DA VARV SIB L EONKEVWVERIZEBVLTIERIVELZEZ 0, D 1= RBI D FEEEIRIBEITFE N D
BLEEMN. ZDLIBHRTYY—Ix 0 RBHIE., EE - FFEFMEEEMN T51=6. CNETORIGETRAETHT T B NH
FEEFMBTFEEZE5ZEHMBEINTVDS, ARRBEETE. VPV A BRDOBOEFHRADGRAEBELTUTOMESE
11o1=,

NBXAMEF OFYy— YA/ EVX-PEBREEROV Y- X EE

Y-z ZBHOBOEFHADBEADOICIE., FTHREKZRLMOSNTWDIRTUY -z AEEEBFT T HIENIEA
ADE—HELELTEETHD, AMETIE. BHAEOBRAMTFvr—U YA ELX-PEBHEERIZEWT. TBFAED A% K> THL
BRASEBEENABONDIIEITEELT. ENODN U RRHEREEHL., IEBAR) Y —U U REEZE DI EEMERLT:,
DZRIT CP'N eI I R BR BB\ 1A R EF D EEFNT S

ZRIT CP N R <R (X sAVBE/ERZEH 95 QCD O LS53R TDSF —CEBOD RN ETILTHS =0, Fh
[T B)H—U o ADERAIE. QCD ~DIGH. Wb 2/ —< OV BEDERO A OELLEHFINTNS, COMET
[FNAFDEFIENDH—D O RBHICEWTREGIBEEZELRL, ZOFREFNFEN) /—IOVDFELFEINTLVDEY
FLKABLTWNBILEMESELT=,

2. MR EEOPME (R

The aim of this research project is to understand non—perturbative effects in quantum theories by using topology. In particular, the
research was performed with a focus on the resurgence theory, which relates perturbative expansions and non—perturbative effects in
quantum theories. In general, exact evaluations is not possible in quantum theories, so that we usually rely on some approximation
method. The perturbative expansion is one of the most standard method. However, it does not give a precise answer when there exist
non—perturbative effects, such as instanton effects characterized by non-—trivial topology. The resurgence theory relates
perturbative/non—perturbative effects and hence it is expected to complete the analysis in a fully non—perturbative way. Aiming for an
application of the resurgence theory to quantum field theory, | have performed the following research on the resurgence theory.

1) Resurgence structure of supersymmetric Chern—-Simons matter theories

To apply the resurgence theory to quantum field theory, it is an important first step to study the resurgence structure in models with
known exact results. In this research, focusing on the property of supersymmetric Chern—Simons matter theories that some exact
results can be obtained by using the localization method, we have derived their trans—series expressions and showed that they have
non—trivial resurgence structures.

2) Bions and non—perturbative effects in two—dimensional CP"N non-linear sigma model

The two—dimensional CP"N non-linear sigma model is a good toy model of QCD-like four dimensional gauge theories which describe
the strong interaction, so that the application of the resurgence theory to the CP"N sigma model is expected to lead to the
application to QCD, particularly, to the so—called renormalon problem. In this research, we have derived solutions called the bions,
which plays an important role in the resurgence theory. Furthermore, we confirmed that their non—perturbative effects agree with the
expected renormalon contribution. This is an important step towards the resolution of the long—standing renormalon problem.
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