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SUSY vs 125GeV
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Quark Confinement

Quarkonium mass spectrum and lattice simulations both
support the Coulomb+linear potential model for the
“static’” quark anti-quark system.

(10.0)
(1.1,0)
(2,10
(1.1.1)
(2.1.1)

m = 0.050

I

[JLQCD ’08]
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There is a pretty simple picture.

Confinement is dual to Higgs mechanism, and in the dual
picture, the quarks are magnetic monopoles.

[Mandelstam 75, ’t Hooft '75]
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There is a pretty simple picture.

Confinement is dual to Higgs mechanism, and in the dual
picture, the quarks are magnetic monopoles.

[Mandelstam 75, ’t Hooft '75]
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Linear potential




This mechanism provides us with a classical
(Higgs) picture for the quark confinement.

m =0.050
(1.0.0)

(1.,1.0)
(2.1.0)

i Py linear potential

(2.1.1)

magnetic - e
Coulomb force= | from flux tube
1 %

[ —

A~025-05 /o~ 430 MeV.




If there is such a classical picture,

VWhere is the magnetic
gauge boson in QCD!

There are massive vector mesons p(/770), w(/782).




If there is such a classical picture,

VWhere is the magnetic
Higgs boson in QCD!?

There are massive scalar mesons ap(980), fo(980).




Let’s construct a model of p/W/fo/ap system as a
Higgsed gauge theory (GL theory),
and compute the quark potential.

L = _lF(W)F(W)#V _ lFISP)aF(p)uua
4 v

4 B
2
2Ty [|D,HL? + | D, Hil

_V(HLa HR)

model parameters are determined by hadron
masses and

m%
g=—— ~05.
9p




Calculate the energy of
the monopole-antimonopole system
in the Higgsed vacuum.

<H>+0

Dirac monopoles with a unit charge.
(static quarks)




We could reproduce the QCD potential.
[RK, Nakamura, Yokoi | 2]

- Numerical results
- Cornell potential

~ this line

:IOOO.—
: >

A=0.25
Vo = 400 MeV

A
V(R)=—-%+0R

myR

(monopole-antimonopole separation)




| think, it is not too crazy to say that,

the low energy hadron physics is

the magnetic picture of QCD!

BIXRILF—BMERSE LT,
Ew O 2AEAEE STWBADTIEHRWEEZSHM?




Can we derive the
magnetic model from

QCD?

It’s difficult. But | will try here
by using electric-magnetic duality in SUSY QCD.




QCD from SQCD

QCD can be obtained by adding soft mass terms for the
gaugino and squarks.
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QCD from SQCD

QCD can be obtained by adding soft mass terms for the
gaugino and squarks.

| oco Bl 20 _
<

l low energy l low energy

Low energy jOft Lerms  Sejberg dual
QCD theory

(free magnetic case)
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l low energy l low energy

Low energy jOft Lerms  gejberg dual
QCD theory

(free magnetic case)

The question is the smoothness of this limit.
[Aharony, Sonnenschein, Peskin, Yankielowicz '95]

And unfortunately, it has been shown that it is
not smooth based on the Vafa-Witten theorem.

[Arkani-hamed, Rattazzi '98]



The problem was the spontaneous U(|)g breaking
due to tachyonic soft masses for the squarks.

Actually, one can easily evade this.




[RK’I'1]

model

SU(N.) SU(Ny)L, SU(Ng)r U(l)p SU(N.)v
1 1 (Ny — N.)/Ny
Ny —1 (Ny — N.)/Ny
1 0 N 1
1 0 N, 1

auxiliary massive flavors

w=mQ'Q (mass term for the auxiliary flavors)

Loo = —*(1QP + QP +1QP +1QP) - (M +hee.) — (BmQQ +hec.)

(soft SUSY breaking terms)




magnetic picture
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Hidden Local Symmetry
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This sector has the same structure as the HLS.

q:q:vl #O (I):'U(I)]. #O,

break chiral symmetry and give masses to magnetic gauge
bosons (p meson) while leaving U(l)s symmetry unbroken.




Magnetic picture:
Hidden local symmetry

SU(N¢)g

Z and @’ have quantum numbers of quarks.
They get masses from chiral symmetry breaking.

Pretty similar to low energy QCD!




| think SQCD is smoothly connected to QCD
through the mass deformed Nf+Nc flavor theory.

l

If that’s the case,
chiral symmetry breaking = magnetic Higgs mechanism

= confinement

P meson is the magnetic gauge boson!

[Seiberg '95, Harada, Yamawaki '99, Komargodski 10, RK | |,Abel, Barnard ’| 2]




eSS

Electroweak symmetry breaking may be similar.
Namely, the SM may be the magnetic picture of some

fundamental theory.

[Seiberg '95, Maekawa’96, Strassler ’96, ..., RK, Fukushima, Yamaguchi ’10
Craig, Stolarsky, Thaler ’| |, Csaki, Shirman, Terning ’| |, Csaki, Randall, Terning ’ | 1]

| think it is very important to look for

a magnetic gauge boson (vector resonance) next
at the LHC!




The SQCD model we studied for QCD has two limits.

|. non-SUSY limit: it’s supposed to be QCD.

> technicolor

2. SUSY limit: massless Higgs fields.

> MSSM-like

In between two limits, one can obtain a theory with
partially composite Higgs.

[RK, Luty, Nakai ’12]
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symmetry
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Higgs fields

MSSM-like model as magnetic picutre!

(Ev 7 ALRAERE+EY T X)




D XL1TE

1. 125GeVIdEBATE S ?
s N2 s CFT

L DY

l

<D |

- v 7 A5 X CFTD—ER,

Ew I XADEENTFE EH S,
MSSMTCER 9 = - [ERE [ R,

5. IEEROTHES_

:tﬁ D —§_ g\\fd: AW

[Fukushima, RK,Yamaguchi ’ 10, Gherghetta, Pomarol ’| |, Heckman, Kumar,Vafa,Wecht ’| |,

Evans,

Ibe,Yanagida ’ 12, RK, Nakai, Luty "1 2]



S S — S
2FL1TEZ D!
2. 7L—/\—0DHEREIE? & v T Xldelementary
TIRWERBZDTIE?

s N2 s CFT

v

£ v 7 REIE E A E elementary!
L. 9o Eelementary TWLNS NS |




SERLITEZED |

3. NI A—TVDEBEELHEZD?

SU(N¢)r




> XL1TEZ D!

4. SUSYDXEDHh > TULVZRWLWH ?

coesl N2 e CFT

|
stopE BV T ADBE/NT A —% [FRGEICE
IR fixed pointZ 6 5. BlEt o

DFD, BRI —)L&HE ERFDEE=(C
5&->5&UEBEENBRICETNS,

[Fukushima, RK, Yamaguchi " 10, Csaki, Randall, Terning ’| 1]




Summary

A possible smooth path from SQCD to
QCD is found.

The p meson can be interpreted as the
magnetic gauge boson.

The Higgs mechanism in the SM may also be
the magnetic picture.

| think it is very important to look for a
vector resonance!




