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BSM Market

¢ Representative scenarios in BSM market

* Supersymmetry

¥ Extra dimension

* Strong dynamics
¥ Walking technicolor

¢ Top quark condensation
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Why top quark condensation ?
The origin of fermion mass

Well-known approach is
extended technicolor w/ walking dynamics.

BUT

It I1s very hard to build an ETC model
to realize the large top-bottom mass splitting.

as discussed @ EHQG-seminar by Matsuzaki

Top quark condensation can realize
the large top-bottom mass splitting.
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Higgs(-like) boson

"Higgs™ boson = composite object

» Top quark condensation

Nambu 1988; Miransky et.al. 1988; Bardeen et.al. 1989

trtr\ hY

=W doublet scalar field : @ — B
brtr

c.f. walking TC : techni-dilaton (can be 126 GeV) matsuzaki etal. 2012
talked by Matsuzaki @ EHQG-seminar

TD : Pseudo Nambu-Goldstone boson associated with

the spontaneous breakdown of the approximate scale symmetry
Yamawaki et.al. 1986
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What Is top quark condensation 7

7 Based on
SM gauge + Nambu-Jona-Lashinio(NJL) model

Nambu et.al. 1961

Top-Mode Lagrangian
L= qriv,D,qr +triv,Dutr + Gt (qrtr) (trqr)

Nambu 1988; Miransky et.al. 1988; Bardeen et.al. 1989

7 Four fermion coupling (7,
depends on a concrete UV model
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Higgs boson from TM 7

Q : Higgs in the top quark condensation model ?
A . Top-Mode Lagrangian derives the SM Lagrangian.

op-Mode Lagrangian
L= qriv,D,qr +triv,Dutr + Gt (Grtr) (trqr)

Nambu 1988; Miransky et.al. 1988; Bardeen et.al. 1989

A 2
Lon = Lign(P) — y¢ [qrPtr + h.c] — m?|®|* — 5 ((I)T(I))

with m? < 0
How 7
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SM from NJL (step.1)

Top-Mode Lagrangian
L =qriv,Dugr +trivuDutr + G (qrtr) (trqr)

Introduce an auxiliary field : ®© ~ G[trqr]

The Top-Mode Lagrangian is rewritten by

b
Gy

Lo = Lign.(qr,tr) — =[O = | g0 tg + hie,
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SM from NJL (step.2)

1
La = Lian.(qz,tr) = = |2OP = |7 8Otg + b
t
m
Integrate out the fermion fields on scale |i, A]

~
~
~ d
~ 7’
~ 4
7’ ~
7’ ~
7’ ~
7’ ~
7’

£H<A — Ekin(ZCI)(I)(O)v q, t) o {q_L(I)(O)tR T hC}

2
_( 1 NA >@<o>‘2 AQO (q><o>*q><o>)2

_ Gt 87'('2
-\WSB
Q72 N, A? N, A?
G Zo= —SIn2 | Ag= —Cn—
‘CNAE YT Teme Nz 0 0T g e
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SM from NJL (step.3)
Loch = Liin(Zad® q,t) — [qLcl><0>tR+h.c.]

2
_( L NA >‘¢<o>‘2 )\20 (q><o>*q><o>>2

Gt 87'('2

Rescale :%Zq)cb(o) P
! LA
N e 0 22

Top-Mode SM

A 2
Lsm = Lyin(P, q,t) — vt [qrPtr + hoc] — m*|P|* — 5 ((I)T(I))

with )\:Qxytz and m* < 0




SM from NJL (summary)
Top-Mode Lagrangian

L =qriv,Duqr +trivuDutr + G (qrtr) (trqr)
8772
N_A?

with Gt >

Top-Mode SM = SM w/ constraint

A 2
Lsm = Lyin(P, q,t) — vt [qrPtr + hoc] — m*|P|* — 5 ((I)T(I))

with )\:Qxytz and m* < 0



VEV, top mass and Higgs mass

op-Mode SM = SM w/ constraint

A 2
Lsm = Liin(P,q,t) — ¢ [ Ptr + h.c.] — m?|P|* — B ((I)T(I))

with A:nyfamdm2<0

> VEV for EWSB : Pagels-Stokar formula

, , NC A2 Pagels et.al. 1979
> Top quark mass :
Ut
me = Yt——=
V2
7 Higgs boson mass :
mp — \/th
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TMSM prediction

TMSM prediction

mp, = (V2 ~ 2) x my

2 :pure NJL

V2 :gauge + NJL
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Higgs boson mass [TMSM v.s. LHC]
TMSM prediction

mp, = (V2 ~ 2) x my

» Too large to explain the LHC "Higgs™ boson mass

(83 QLHC ~ 126GeV

As solutions.....

1. Top quark mass might be shared by other sector
174GeV = m;|TM| 4+ m;|other]

2. TMSM prediction might be modified
my = 2 X C' X my
(' . additional dynamical effect

H.S.Fukano(KMI) Current status of TMSM 09.05.2013




2 \ [ )

Model. | [Pa rticle conte nts] H.S.F and Tuominen (2012)

1. Top quark mass is shared by ETC sector
174GeV = my|[TM] + m,|ETC]

2. TMSM prediction might be modified

field TC | SU(3); | SU(3), | SU(2)r U(l)y
(3) —

q; (3) 1 2 1/6
9 B |1 1 (3) 1 (2/3, -1/3)
tg)) ,bg:) 1 1 (3) 1 (2/3, -1/3)
th) by | 1 (3) 1 1 (2/3,-1/3)

g2 1 1 3 SM SM

Qe R - - - -

(V)
EWSB : viw = 03¢ + 07 +v; <1
VEW
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Model.1 [Scenario]
? SU(3); x SU(3)y — SU(3). derives

Loart = Gy ( (B)t(4)) (15—(4) (3)>

» Top quark(t'®)) and vector-like top quark(¢*)

7 Seesaw mechanism
>, # 0(EWSB)

t t(g)
7(3) %4)) R ; [
(t t = my| TM|tt + mpTT
i \me M (t;”)

m?[TM)] ~ sz m2. ~ M?
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Model.1 [Result]
TMSM prediction

mh:(ﬂNQ)XZt

000> e eesnnnnld)
—~ TTene OG'@'Q@'@O@@W@%
% 200 - (tan ¢, tan 3) = (1,3)
o
Al s— (1,05

0 B T st

H.S.Fukano(KMiI)

tan B = o , /e
Uy ¢
VUV =~ 70GeV
S, T, Ry : O.K.
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MOdeI . 2 Dobrescuet.al.(1998); Chivukula et.al.(1998); H.S.F and Tuominen(201 3)
1. Top quark mass might be shared by other sector

2. TMSM prediction might be modified

mp = 2 X C X my

field [ TC | SU(3); [ SUB): [ SUQ), [ UQ)y
<3> @ ' 2 1/6
t<3> @ 1 2/3
<4> 1 1 2/3
t(4) 1 % 1 1 2/3
q<1 201 1 3 SM SM
Qrc | R - - -
EWSB : 02y = v +02 , —— <1
VEW
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Model.2 [Scenario & Result]

7 Vector-like partner and seesaw mechanism
almost the same as Model.

» SU(3)1 x SU(3)y — SU(3).derives
Lmodel.Q — Gt (gég)t%)) (E(}g)qgg)>

+Gs (E(L4)t§§’)) (tg)t(f)) + G (z<5>t§§>) (zt‘(];”t(;”)

87* G — EWSB
G, Gag, Gaa > : t
NCA G43, G44 — Not EWSB
_ N.A? .
Modified TMSM prediction 94 = "g2 ~'4
- 11/2
9t — ga4

thQXZtX

Gt — a4 + 2G:Gaq
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Summary of Model.1 &2

1. Top quark mass is shared by ETC sector
mp = (V2 ~2) x &y ~ 126GeV

174
N. A2 for > o~ ! SeV
— 7 ~ (70GeV)?
tQr2 Y2 (70GeV)
2. TMSM prediction is modified
. B 11/2
my =2 X 4 X It — Jad ~ 126GeV
Gt — Gaa + 2091944
N. . A?
02 = %7 5 In 57 = (246GeV)?
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TM Higgs boson coupling

» Both models CAN give 126 GeV Higgs boson.
» How are Higgs boson couplings ?

TM-Higgs

Model. 1 Model.?
<f f=t almostSM|f =t almost SM
! f =0b,7 parametrical | f = 0,7 parametrical

Suppressed
------ \Jﬁw almost SM
~ (.3
VEW
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TM Higgs boson decay (w/o diphoton channel)

TM-Higgs
Model. | Model.?
------ <m almost SM almost SM

Suppressed
______ almost SM
~ 0.3
UVEW
f
------ < can be the same can be the same
¥ as the SM as the SM
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TM Higgs boson decay (diphoton channel.l)

4M2 4dm
F(h — 7’7) x |Crhww A1 ( ) + ZChffNCQfAl/Q ( — f)

mh h

TM-Higgs
Model. 1 Model.2

f=t almost SM|f=t almost SM

<\x UVEW N 246GeV VW - 246GeV

f=T f=T

mmrT (\ﬂ HTeV

Suppressed
------ %i:}ﬁi: o almost SM

UEW
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TM Higgs boson decay (diphoton channel.ll)

TM-Higgs
Model. ] Model.”Z
Chee >~ 1 Cry ~ 1
C

iy Chrr >~ 0 Crhrr ~ 0

(v Ut

ChWW Chww = UE;\/ ~ 0.3 | Chww = — ~ 1
['(h — vv) << SM ~ SM

AM?2 4m
F(h — "y”y) X ChWWAl ( 2VV> + ZchfchQ?»Al/Q <—2f>
mh 7 mh

Ay~ =T , Ay ~4/3
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TM Higgs boson signal strength [ggF]

7 Signal strength via ggF = difference of Br

. Br(h—>VV) B
7z Model.1 : Br (o = V1) <1, (V=~W,2)

M-Higgs
Model. Model.2Z
99 —h —-WW/ZZ << SM ~ SM
gg — h — vy << SM ~ SM
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TM Higgs boson signal strength [WW/Z/Z]
7 Signhal strength via ggF = difference of

Br(h — VV)
Br(hspy — VV)

7z Model. 1 :

< 1,

= N B wwyzz)
s WW/2Z | Br(hsy — WW/ZZ)
=< | _

il i Br(h — bb)

X / — x 1 — ¢
% // Br(hgy — bb) )
bH o /’/,// /y’y | ,C D (1 — Eb)hbb

§ plsimmmz=eemtmooo. 0 remains small..,

02 04,06 08

H.S.Fukano(KMiI)

Current status of TMSM 09.05.2013



TM Higgs boson signal strength [diphoton]

= i
o T !
Tlo =) WW/ZZ |
| o;m I’
S /
15 !

X 1% /I
4l /
bbombbo ] //

|>|< 2 7 remains small...

e U —

02 04 _ 06 08
€y
Br(h — vv)

» We can improve

Br(hsm — 77)
by Introducing new vector bosons ....

HOWEVER.....




Current LHC results (ggF VS VBF)

llllllllllllllllllllllllllll Illllllllllll

=
10— —
o’ - ATLAS-CONF-2013-034
z gl \s=7TeV: [Ldt=46-48f" _]
- \s=8TeV: |Ldt=1320.7 "
6 — Hoyy + Standard Model |
B . —H-2zz" 54 X Bestfit ]
41— “Nee. N —Howw" v —68%CL ]
E How T 9 CL 1 g CMS Prefiminary Is=7TeV, L5 b (s=8TeV,L<19.61b"
2 E CMS-PAS-HIG-13-005| # H—
O . . . 68% CL + H-ww
e N Z i + H—ZZ
2 - 4l H — bb
- m, =125.5 GeV - .
_4:Lllllllllllllllllllllllllllllllllllllllllll[l[[l; B + H YY
-2 1 0 1 2 3 4 ) 6 7 8 B |
uggF+ttH % B/BSM B i
ol _

» Model.1 Is ruled out -
by WW/Z/-decay channel 07 \g< \ _
and/or VBF+VH @ LHC L N

MggH,ttH
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TM Higgs boson status

TM-Higgs
Model.1 X| Model.2
g9 — h — vy «<SM X ~ SM
99 —h—-WW/ZZ| << SM X ~ SM
VBF, VH < SM X ~ SM
VBF.VH = thr | << gV X | 9ePend on
hf f-couplings
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1 Top quark condensation is an alternative scenario
to ETC w/ walking dynamics.

M Top quark condensation gives

my, = (V2 ~ 2)

thl

M There are several scenarios

to realize 126 GeV Higgs boson.

1 Model.1[top mass shared by E
IS already ru

C]
ed out by LHC data.

M Model.2[modified TMSM prediction] is

a viable TMSM.

Thank you very much !l
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Model.2 [Effective potential]

® : EW doublet
¢ : EW singlet

MZ|@y* + M2y "+ > M2y |y
J=t,b,x

Cxt [¢Xt T+ ¢Lt} + Cxx [¢xx + ¢I<X]
(& i ?
((I)t Oy + ¢Xt¢xt)
RN qﬁbqub) + (D10, + 6l byy)

+ 2 (I):tr(l:)x T ¢Lt¢xb

V(®,0)

+ 2|01 D, + ¢I<x¢xt‘2

2

+2 |0l P +¢Tbgbxx
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htt and h1T coupling

T+ — T —
LD —cut : ttho — CHLTT L TThO

VEW VEW
where
it =~ N b e o~ N st
iz \/§ mr \/§
and
mt:y—\gxc’icﬁz , VEW =X Ut 822%

EWPT constraints imply ¢, ~ 1

v
chit =1 , cprr < 1




