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Researching with Hitoshi
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Outline

 Motivation

 Confinement can be understood as dual Meissner effect.

 We want to understand more deeply about confinement!

 STUDY toy model  and  USE technology of susy.

 we OBTAIN non-perturbative result.
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Today’s contents

 What is SUSY?

 What is QCD and its phase?

 SUSY QCD with non-trivial center symmetry
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What is SUSY?

 Poincare symmetry + fermionic symmetry

Qȁ ۧ𝑏𝑜𝑠𝑜𝑛 = ȁ ۧ𝑓𝑒𝑟𝑚𝑖𝑜𝑛

Qȁ ۧ𝑓𝑒𝑟𝑚𝑖𝑜𝑛 = ȁ ۧ𝑏𝑜𝑠𝑜𝑛

 Theory has same number of boson and fermion state

  squark, slepton, gaugino, Higgsino …
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Bosonic symmetry
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What is advantages of SUSY?

 Holomorphy of superpotential: 𝑊

   ℒ ⊃ ,𝑑2𝜃𝑊𝑒𝑓𝑓(Φ׬ Λ, 𝑔)

  
𝜕𝑊𝑒𝑓𝑓

𝜕 ഥΦ
=

𝜕𝑊𝑒𝑓𝑓

𝜕ഥΛ
=

𝜕𝑊𝑒𝑓𝑓

𝜕 ത𝑔
= 0

Ex) non-renormalization theorem

Ex) ADS potential
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𝑊𝑒𝑓𝑓 = 𝑊𝑡𝑟𝑒𝑒 +𝑊𝑁𝑃 𝑊𝑁𝑃 ∝
Λ3𝑁

𝑑𝑒𝑡𝑀

1
𝑁−𝐹

ADS potential
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Today’s contents

 What is SUSY?

 What is QCD and its phase?

 SUSY QCD with non-trivial center symmetry

7



Hitoshi Fest @ IPMU /20

What is QCD?

 Yang-Mills theory with matters

 Describing hadron physics
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proton neutron
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Phase of QCD

 Coulomb phase: 𝑉(𝑅)~1/𝑅

 Free electric phase: 𝑉(𝑅)~1/𝑅log(𝑅)

 Free magnetic phase: 𝑉(𝑅)~log(𝑅)/𝑅

 Higgs phase: 𝑉(𝑅)~const.

 Confinement phase: 𝑉(𝑅)~𝑅
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𝑅 → ∞

𝑉(𝑅)？

Condensation of charge
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Meissner effect

 Condensate electric charge

 Screening of electromagnetic field

 Magnetic flux is allowed

 What about electromagnetic dual?
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Magnetic flux
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Dual Meissner effect
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Q Q

 Condensate magnetic charge

 Screening of electromagnetic field

 Electric flux is allowed

 Explain confinement!

Electric flux between quarks

Electric flux



Hitoshi Fest @ IPMU /20

Electromagnetic duality

  Coulomb phase ⟷ Coulomb phase

 Free electric phase ⟷ Free magnetic phase

Confinement phase ⟷ Higgs phase
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Superconductor (Meissner effect)Dual Meissner effect
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Today’s contents

 What is SUSY?

 What is QCD and its phase?

 SUSY QCD with non-trivial center symmetry
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What is center?

 Some elements in a group

 which commute with all elements in the group

Ex) consider 𝑆𝑈(𝑁) Lie group

 Center is ℤ𝑁 (group of N-th root of one)

𝜔𝑁𝑔 − 𝑔𝜔𝑁 = 0, 𝑔 ∈ 𝑆𝑈(𝑁)
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Screening

 Electric flux can be screened

 when there exist appropriate dynamical charge.
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Q QQ Q

Q Q

dynamically generated
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Wilson loop

 Wilson loop sit on rep. 𝑅

 𝑊𝑅 = 𝑇𝑟𝑅(𝑃𝑒
׬ 𝐴)

 Gluon is on adjoint rep.

 then, screen the loops on adjoint rep.

 unscreened loop → Λ𝑤/Λ𝑟 = center
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Weight lattice 𝛬𝑤

Root lattice 𝛬𝑟
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Non-trivial center symmetry

 MODEL : SU(2k) + an antisymmetric quark

In this case,

  confine:   unscreened Wilson loop

  no monopole: 𝜋2(𝑆𝑈(2𝑘)/𝑆𝑈(2)
𝑘) ≅ 0
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Squark VEV
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Non-trivial center symmetry

 We obtain ADS superpotential

𝑊𝐴𝐷𝑆 =෍

𝑖

𝜀𝑖
Λ4𝑘+2

ς𝑗≠𝑖 𝑎𝑖 ෤𝑎𝑖 − 𝑎𝑗 ෤𝑎𝑗
2

1
2

 We finished some consistency check.

 symmetry and holomorphy, Higgs mechanism ……

 We do not finish studying dynamics and AMSB.
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Today’s summary

 What is SUSY and advantage of SUSY?

 What is QCD, phases and electromagnetic duality?

 What is center, Wilson loop and screening?

 We study toy model with confinement and without monopole.

 We obtain exact effective superpotential and continue researching.
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Happy 60th birthday, Hitoshi!
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