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Introduction

& Phase structure of phi fourth theory is well-known.
V =m?¢p? + A¢*
.- broken/unbroken phases depend on the sign of m?Z.
& Phase structure of two scalar theory is unknown.
V =mi¢? +mip? + pdp* + p'P* + kp*y?

& In 4 dim, we found that in the massless case one scalar field have
a vacuum expectiation value:

V.= p¢* +p' "+ kdp*P* = (P) # 0,() = 0
& This implies two scalar theory has non-trivial phase structure.
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Introduction

& We study O(N) x O(N) scalar model in 3 or 4 dimensions:

1 2 72
L= N[3(0:0)" +5 (@) + 2207 + 5297

p R o
+2(61)" + 2 ovE + 2 (v])

Gl )

& For N =1, This model corresponds to Z, X Z, invariant two
scalar model.

& In the large N limit (N - ), we can calculate the effective
potential exactly, including all-order loop effects.
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Summary
& Today, I talk about ---

I. Phase diagram in 3 dim.
* 0 < pg < K

(M, =Gtk 25 8 2

(We take p, = p;, for simplicity)
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Summary




Summary

2. The massless (m; = m, =0) case in & dim:

()2 = 0,(9)? = i exp (-32m°253 (1))
(u. - p(u) = 0)
& This can be applied for dynamical generation of Weak scale.

(SM + two SM singlet scalars (Dark Matter?) )
£ =[9H[" = Lg2IHP + Ly HI2 + A|H|*

+2(0,0)" +2(0,0)" + 20" +Ep2y? + Lyt
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Mode

& We study O(N) X O(N) invariant two scalar model:
—I 2 1 2 2 2
£=N|>(3.0:) +35(0,0:)" + 2292 + 2y

p S P R
+ (82)" + 7 o7v7 + 5 ()

—

Crin=xl )
&We calculate the effective potential in N — oo limit.

& Point: rewriting the tree potential in quadratic form of
fields, introducing auxiliary fields.
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Calculation of Effective potential

& Rewriting the tree-level potential:

e T o (PP 1 (BF\ [P0 Ko\ (b
Retie G (¢2)+5(¢?) S (tp?)

l l
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Calculation of Effective potentlal
L

A1
N——qb( A EW S 1/)( A2+c2)lpl—ct76+cf/1 'M?

oWe set ¢;(x) = ¢p6; 1 + ¢i(x),¢i(x) = 16;1 + P;(x)
and drop the linear terms of ¢;(x),¥;(x)

= 1557(—A2 + 1), +li]f-(—A2 + c)1h; — CtEC =EAE e +lcf i
2 L 1 L 2 4 2 L 2 2 lpz

. fDCquiDl/Ji exp(—S)

/1—1 1 : (PZ
ochcexp fd"‘* trlog( —A* +¢;) — Ct TC-FCtA 1M2+2C 0?2
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Calculation of Effective potential

fDCD(f’tii exp(—S) « ch exp( ]d‘* tr log(—A% + ¢;)

=6 —C+ct,1 1M2+1Cf(¢’2)
2 2 \y?

& C integral is equivalent to substituting the value of the
stationary point for C in the large N limit:

exp(—f d4XVeff) s fDCD(f)iDl/)i exp(—S)

4 2 t’1_1 t1—1n72 - t ¢'2
X exp |— fd trlog(A+cL)_CTC+C,1 M +2C 'P
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Calculation of Effective potential

¥ y)
. VEff_ 2 tﬂ'l e T | 7 1t(¢)
: = Etl A e o

= iErog( Gl > C+C'A MO > 1/}2

® The values of ¢; are de’rermined by 9. Verr = 0 X
: A 1
oUsing trlog (—A2 +¢) = 3 [ Goslog(k? +¢) = —ci— -+ 0=

5 (2m)3 41T 12 A
Veir 8 VG L C+CitAIM? +=ct (d)z)
N A e o 2 b e

& We need to renormalize the linear divergence of A:

£ (D) +21ME =:271m?
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Vacuum

-1 1 2 -3
Pt ct’l—c+ct/1—1M2+‘2'Ct(¢z) 2
N 2 Y = 127

& The extreme condition is

the derivative of explicit ¢,y dependence

9, 0. / remains from 0. Verr =0
0 2 ¢ Veff o j Veff - (C1¢)
al/) 61/) CZw

& In order to find minimum, we solve aqvgﬁzz()in the cases
(Deg=¢c; =0 (2)cy =9 =0,c, #0
Wate, = an =0 Gre =l (@Yo =i =0 @ ez erem

and compare the value of V..

13/24



Phase structure in 3 dim

& Results
* 0 < pg < K
(M; == (A"'m?);

fbt (Po Ko))

Ko Po

(we take p, = p}
for simplicity)
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Phase structure in 3 dim

© Comments (0 < py < Ky) -
I. There is no phase where vacuum

expectation values of both fields are nonzero.

< k¢p?? term in the potential prevents it.

2. One broken phase exist in a region where mass squares are
positive.

< bhecause of the loop contribution to the effective potential?
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Phase structure in 3 dim

* 0 < Ky <pp




Phase diagram in 3 dim

& Comments (x, < pg):
I. The phase diagram are essentially same as phi fourth theory.

2. The boundaries between both broken and one broken phases
(M; =0,M, <0 and (l1<2)) are the boundary where the
potential can be negative:




Massless O(N) X O(N) invariant model in 4 dim

&In 4 dim, we have not analyzed the entire phase sturucture.
& We studied massless O(N) x O(N) invariant model in 4 dim.

(the renormalized masses are zero: m? = m2 = 0)

1 2= 2 0 Dk e 2
e Nz(auqbi) +2(0ui) + 5 (¢8) +5 ¢ivi+g (i)

+(counter terms)

—

—

&As in 3 dim, the effective potential can be calculated
exactly in large N limit.

© (Here, we take p < p’ without loss of generality.)
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Effective potential in 4 dim

& Calculation is the same as 3 dim,
but the momentum integral differs:

d*k c:2 e C:
tr log(—A?% + c; =f 2 b SeLa Rl Sy sl A2

& The effective potential is

Veff_z __1 C; 2 tﬂ_l P 2-|—1Ct ¢2
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Effective potential in 4 dim
2 -1 2

Weffis Ci i_l v A Z 1 e (P

N _Z- 64n? (logAz 2)+32n2A ol Sl o (wz

& We need to renormalize the quadratic and log divergence of A

i | .
S e
6477:2 AZ 2 2

2 o 2
1 sl (g)_l)_ A 1 (¢
NS 64n2(0g W) 2)" ¢ 2 CHak )?

l
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Vacuum

Veff o 1) A 1 ¢2
e 12 o ] M O o8 By ol S D act

& After comparing the values of V.4, we find the minimum point
is

cf
6412

Y2 =0,¢° = pulexp (—32n2/1§21)
(c1 =0, ¢y = 2274 ulexp (—32712/1521))
& Can we use this to explain the origin of Weak scale,
by coupling the model to the standard model?
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Weak Scale
& Let us change the Higgs Sector of SM:

£ = |9uH[" = 2g2IHP +Ly?HI2 + A1H|*
2 2 K 4
+2(0u90)" +5(0,%)" + 20" + Lo + Lyt
¢ and Y are SM singlet scalars.

& The vacuum expectation value of ¢ gives the negative mass
term of Higgs fields:

D)2 HI? +AH|* =~ — T g2+ A|H|*
L(@)2 I + A|H|* = — 3 |H|?+ A|H]
= Weak scale ((H) = 246 GeV ) is reproduced dynamically!
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Summary

»We studied O(N) x O(N) scalar model in 3 or 4 dimensions in
the large N limit.

&In 3 dim, it has non-trivial phase structure.

&In 4 dim, we have not studied completely yet,
but one scalar field has a vacuum expectation value even in
the massless case.

& This can be used for dynamical generation of Weak scale.
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Future Works

& We continue to study the phase structure in 4 dim.
and order of phase transition.
& Models with more than 2 scalar fields are interesting.

& If the %-correction is considered, what does it become?

These results are universal or peculiar to the large N limit?
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Weak Scale

o, YDNEE
> s ()
my —dg? Mlpmp) 3212 (@)*
m3, = X )2
& ¢, YIXIE?

HiggsDEZMFELEETBIRNT H5-DDFEHH 5

mlzp > (0.6 TeV)?
Yl&Higgs portal scalar dark matter?
plERFMD A H S5 —15
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