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Abstract: We propose a grand unified theory (GUT) in which the gauge symmetry is dynamically broken by a strongly coupled gauge interaction,
analogous to the chiral symmetry breaking in QCD or technicolor theory. GUT is a beautiful idea and surprisingly consistent with supersymmetry
(SUSY). As well as the fact that all the fermions fit to a representation in GUT groups, the three gauge coupling constants meet at a very high
energy scale with the particle content of the minimal SUSY standard model. However, the realistic model building of GUT has various difficulties
such as the doublet-triplet Higgs mass splitting problem and the too rapid proton decay. Also, since the GUT appears to be a theory at very high
energy scale, it isthe usual case that there is no definite prediction to the low energy physics. We propose a realistic model without above problems

by using the dynamical GUT symmetry breaking. The model provides an interesting predictions to the gaugino mass relation in low energy which
should be easily testable with the LHC and alinear collider.

Pirsa: 05030111 Page 1/32



—:TQ i GU T

Rywidhive Kitano (1aS)
w/ Gln‘/\m D. Krib&

NP— ?L\ /6501041

Seminar @ Perimeter Mar. |7 . 2005



Twtrodustion
StToandard Model

. SUB)x SU@) x LK) gouge theory
q_mrk‘i — - ‘Eftnhi * H'ia:.-_. ‘bosow.

Compact awd beautiful theory -
But.

. neutrine wmass ~ eV

. boryow oSywmmetry Ne/fS ~ (e
L2e ~0.0%

. dorle wmatter Quom ~ 0.2

. dorle ewnergy Sua ~ 0.7 )

‘ﬂluﬂ I\G‘d\:ps
1" the wn Ver<g E
'S xplained by thesy

— oesthetic ssues
- 'A‘ilmc!ny Pi"obttm Mo << Mpua T 1
1

. charge quantiaalion @ehH=Qep)d

. strong CP 8w ° Q‘F {l!

 Rormion wmath  Me KM My << Mu




A Nice pidtwe >
Predictions -
ligkt Hiags bosom
FoNe , oF

%uper'SymiT I:y) .

; & S Doark waltes
o remormalizsth
i . %P“ﬁ‘- cough
"3
unhicaton

Stobilize HMw << Mpa

Gyond Unitied TLW?’
YA \V

Chorge quatas iow —
A wasd
‘Predw-"hﬂhﬁ e U
- |eptegenes:is
Yo taare oy 97 “to Y28 baryow aSyw=.
LWC |




clang)
Stasdard Model
SLVa) Su) uLL)
> 3 - Ye
we 3 \ -3
a% 3 | \ /;
j 1 p —_ /'_
e* ' \ i

eosi2<t LUwniliciliow W2 could e &t

SUB) = SULE) —> ksﬂ'ﬂ\‘_ SUE)

%‘= 3,2) lUﬁha (3,2)+ L.i-‘)"“ ('t‘.}

% we Q*
rest Jf iL.h-..
S e 3 ST 3,0 + (2,V)
a* 2
3 |0+ § . amowmaly “yae wnder SUU;')!

corredy ‘A)rpfﬂ"cl!uvaﬂ. ..

E!lealw ‘&‘h-
Aty = Qe = QD --




gm.aq_ Coup“hé 'I-m\{'“:iﬂﬂl:_

-
E-
i
45 | —
- (1
= :
st ———
3 Sui2 et T
o —
2 4
15 F 5U(3)
Standard Modal
|
5 = -
iy i g i g 1o 10 10 ™ 1™ 10™
0 (GaV)
5 ——
45 F S um MSEM
-3
a5
f =N
=
25 SU(E)
2t e
15 ¢
1} SuUE
Tig iy [ g [ig 10*® 10 i 10" 0™
Q (GeV)

S Comastud picture




Deuwblet - Triplet ﬁ?li't'h‘ug problem

\S x 3 matters — (105 )x=3

:thlﬂ-“ﬁhi P‘El'"ftg'r !

Hiag betowe H: (I.l)tfl

> e (B

Nne 2-dies, rep. n SULS)
nf.)‘] Colored Higgs

n/ Y sw»m Higys

3 We wneed new particles He

S

He Screw “p the §ouge c.nup'l:na
watication %

MH. &« Mavt o Mec > Meawt
MHL L Hm

He has to be superheavy vhereas
H s nearly woss less.

GUT symmelrny, ‘aﬁeak;na, should SP‘H

+those wasses.




D1 'EP“T‘HH\Q n waimal  SLS) wmodal

GUT breaking : SUS) - SUQ) x Su)xta

27
= = ( S| - )
A Ak

T
We = -'—:-'i‘rzi - —’;--h-'f
& Y ~ ;
© Suls) ® SL@)xLUL) uu):sw)
AU ) !
="
N
Ehgs wess
Whe = mgHsHs + % Hs 2 Hs
= 2w MewT
> Mue — Mg + N
M = Mg - 3..—-&“ < HMw

2 We wneed ";im‘tun:ng a-F OUO-H)!




Geeto . Nihal C19141)

\"htny-nn_?tm
(20c02)

Proton decay

Yulkawa MPlih%_
Wyvkcawa = ‘§.... \0-10-Hg + 'E-l. l@E-EE

IO > . u, e

T S S S
> ‘irw:u.. 'ﬁ..i% “‘:H.'ﬁ.:*‘
% e = 3
AB=1 operstors ! o S5F2

> proton decay

= Bhw > © GV

g
o'-ll

-r,(.Pun)lbunlnl yrs

while

2x10" GV < Muc < 4> 0" GaV

Sov 3’ij mplma uh'-‘g‘:m'ﬂ-_?“



Possible ways e go

G\ s.ynvhl.‘hy ‘Ovthh&
(D \'“335 wechaniswa

SoUo) extension < T2a) > <{ZTas)

ot
Q \r—_\‘f_.3 D;Mpmlni -\ il:“‘r;
'!-'lb me dﬂ.ﬂ.h;‘ihu

@ explicit breaking = unitarity %

T Suls) Sut3)a Suta) > VL)
Lﬁ boundery <

Koawamura, (20e1)

Altarelli , Ferwghe (30013

Hall , Nown'\a Cloel)

©) dyhnnﬁ col sywmmelry, braleing
G x SUB) = SUB)xsSLVEAIX UL
T A\ Mam? & Haver sym“fvy

Strong X 5
gomge wXarechon H appenrs oS cpupeiﬂt.. :




Po%}L‘g way's <= §°

GUT symwelny W‘dha
(D) \'“3%5 wechan swa
Solo) extension < Taa) = < ZTas5)

-
Q F_\_.'_M=3 Dimpm\-s - Wileaele

@ explicit breaking = unitarity 2

Suls) Sull)x Sena)>OL)
\: ‘ condition
M‘J [} wu"’&
Kowawwura. (20e1)
Altavell: (2ee
Hall , Nowawla (Joel)

@ dywm\ iymhd'y blrmhiha,
G x SUB) = SUB)xsuR)>xUU)

T R roup © -
ﬁrﬂn‘ S-Joa P ‘i Haver Tyt
gomnae Xareclhion H Wi as Compes




Pro dwct 3t-ou-P um‘g catove

Vevry r.ln“\y velated wdﬂ.
SUS) x SL) x> UWL) wedel ;ﬂgdn :“

'3
Suts) SL) x ULL)
H \ 2 >y Nﬂ'
= \ i colore®
H“a‘f’
B s B~
B = e
\ E 'f o -
S 5 L

o ©
e ﬂ-ﬁ
@y = <@y = f,-é)

SUES) x SUL2) x L) = SLB)>SWK)xU)
LS (5 )
SuG)
utt)
g — o R f-nﬂta - o g R

SU (2)
v Q)




Sp@) Su(s)
= 7 a \ & H4+ H
= 4 \ < o avoid
Witte
?-_ - E nr:u-ly
Q 4 1
\O | 10 2
5 \ 5 :

Sp@) > SLQ)x LW)
4 = 2+y1, - 2""}1

Sp@) x SUIS) — SUE) x SV xULI)
<@@a? # o

\ery < nPlt A




Sy ety b"ﬁﬁ'ﬁhﬁ_

B

We can wvite dowan Su?t-po"th'ﬁ-.li S

@.Q'%
W= m@@ + & red)+ L weort
Vocwa - e

© SUE) urbrdemn  <OB>=o L
Sp@) | flaver (T..Ta) Rier 45
S run awoy SuperpStEitial

AS \Va
wWett ~ ( =—

2> unstable

@ Suts)- SL)x LW) rowk<a> = |
Sp&) 2 Flaver

D Yun away s‘up-erpo‘tu-'ﬁn.l

Wets  ~ ?‘:—H 3 unstable

Q@ SuiT) - SVA)x Su)x VW)
Sp@) 3¥ever 3 stable

resk<Q) =2




Mode|

Sp@) Su(s) F
7 =< \ < H+ W
Ta < \ < o avoid
& 4 S —
Q 2 =
\o l 10
B | [S =

Sp@) > sSLQ)Ix LA)

e
[

24, + 2.y,

Sp@) x SUS) — SLR) x S x UL )
<Q@’ % o

‘Ue.\r-y =) upli'. A




W2 can wvite down supepstalals K.
RQR.Q's ,
W= m@a +  &rea)+ L teon

- .-
Vocwe, -

®© SUS) urbrdcan <@@>=o Taniligite
Se@) | flover (T, Ta) iy 45
2 Yun awoy superpstitial
We ~ ( A2 YA
P
> unstable

@ Su(s)- SV x L) roawk <@y = |
Sp ) 2 Faver
> run awoy superpslastial
Ly J

-tl t
M L _I ‘ 2
Pt 3 Un 'o

@ SLT) - SUG)x SUQ)x LU ) reek<@) =2
Sp@) 3faver =2 stable




Spectrum

,[MH & H.Y

m & (32)ay, Q1 Day
s 3, chika
—_ WSSt Ll'l)*\’a. €< Ta
i Ws (GaNETR)
i MaMp2 | wmn~ (0% GV

3 bod for gauge coupling unifieation

| \

%':(l"} = a + Q3 4+ Auumn
A

T - % = & a
NG = -ﬁ 5 o
L, = = + 523 + 4 + &
Y 3< s 33 : e

3 This i-miu'irng M~ Maor ~ M ~ J’L""{O“Eﬂ

3 Actually , thic s nét a coincidance
problam.




&\

Our ®ode\ : Sp@) 6 Slavor 35»3:'&..7 .'

3 TR Sixed peix ’
' LY
\ :

I= ] I| = :'"_ ‘1\
s LTL : k : -
‘.

k

LY

I
| )
|
v

|

- >
Mawry peo Moo
Fa(Meut) > gs s Justfied

Q@

34 s nl!unyt l"‘é"
- \nrgt onowaleus dimensiown

Dwea) = —

S = y (=57
2 MQQ : M) = Mpe e

= -'L"" ( ..}‘—A... )_l
MG Mipe) Mo

3 Enhawce in \ow anergyy »



mmétry orealcing
We caw w i TR Aowrn Super

?thl:‘,lﬁ-[ s ‘Eb\-

@R.@'s
— — =T ‘ — T
W = m@Q + ﬁ‘&rm) + L eO)

* - W

© SULS) urbredcan L@@>=o Laviligater
se@) | flaver (T ,Ta) Peier 'aS

D Yun awoy Sup-nrpo'tﬂh'ﬂal

AS (V2
a unstable

\
® Suts)- SLx LU ) ok @Y =

Sp &) = Slover

[P N |



&\

Owur wode|l : Sp@) & Flove amjt'\'nm-y
2 IR SHixed pn'in"l‘!

" ‘\...__

=

P |\ 8

s e i — B =

t
|
|
\
L)

]
‘E.
£

2 (Hawt) D g s Justified

Ze. s nlhﬂuyﬁ lu.raq_

. \m-gz anowal sus e'liulhsiﬁh

D(ed) = 2

z

S MQQ : M) = Mipe) (—:::)‘y‘
i U u e
B S ey ™ el (Tn)

=3 Enhavce in low 2nergy

»




-gw.-. -—t—m . and % *LLM"'? [

S CET alvesdy ot Mg,
\ | \

MMe) ank Mpa T

3 M~ Maur
M vans uwl.y w.v T, Eh-l\'-ay lﬂlh

MmMavr) = Maotr € ongin &% the
GUT ceale
)'k

HGEe) = et (“"“‘" ~ 0T

o h‘ﬂlt b?"\' \owey 51:¢th_

= Notural lzxp-lnhiﬂm | |
Sov the right-lhanded newtnne mass
LHY

My ~ e >~ o.l eV

5 Ha ~ 107 GeV



C."FT alse ewlhances “’Ll- \aleousen

uu?ltnas W \ow @nargyy

A \0-10-t@T)

Wiswawa = T30
- -
* WMo = t L
\ Al ="
ERees ~ Wt TIER
‘ 0.5
we weed Pn. _LM} HMewrt
— T‘?'ﬂ“‘rk
\ 5
= Mo (Mea) M2




%*(‘MT) >2 3‘5 S Ju{fn‘{
%“l s g.\wﬁrg Ilﬁrat

Ailmensiow
\&Vﬁt PR P S -

- 3

7 —

> mea@ : ™M= mipe)

1 ] \




x e '*b ﬂ“ﬂ:a

anowaly




Prediction ‘o LRC

M‘n- woss vrelstiow
SU@L= LUy € witure of SUS)x Sp&

s . 5%

dy ds
H"-_}ji.‘.l__
d:.- Clg Cla,
i . B 6 B
Sy £ O 5 Cda

Eh S =N

e - = =8

Medified atwa'im wass relation
( one-lecp RGE iwvaviasl )
Arlcan:-Homed  Clerg
Hove: 'A&

Kurosawe , Nowuare
Suauki 'A”




Prstor decoy
no dim. I‘S opt.r;.'-.'w oy 1LL C.\tﬁlcnl Lﬂ.iu.(
bt .-

<
4
¢ o e TR W
— %“.E‘ %- c %' . %. - ‘Q LTFTI) l.T\'T‘-I-)

My A®

<.1| T:.*) et "1?
- wﬁ Lo "E'I.L‘E‘tﬁ:: 1‘ % % ﬂ
HewmVJ

> @ L ey (D) 2o

3 ess \y sﬁlsgd




Prediction to LHC

Fougine  mass relstiow

SU@Lx LUy € pwixture of SU)x Spe

5t B
Ay ds
Ha Ms 2Maq
g d.5+ Cha
ik . e &N
e -~ Tols S o
B am >
(- ¥

Medified amaaim wass relation
( one~lecop RGE iwvaviesT )

hrhn\.:-H.-ud_(‘J.H
HMove: 'A&

Kurosawe , Noware !

Suzul; 'S99




B W, R
S—_ &
<Y < SuLE) - SULESUAI Ul 4
Suta)/sous) | ) \ |
broleen Plance GUT

Simi lar To Hebecker and Marcl~Russel
meodal\ .

CEFT side soys
{ * Unigqueness of the vauk =2 vacuum.

- Special gaugino wass velaTiown.




Sumnvy

. We can suu;%&,.\\,, remove
coloved Higss.
- CET helps ) . ndtunlly lage cavp ling
2. enlancement o
Wigher dim. oparstors.
. gamgine mass veldlion Woy Show the
evidinee oF the wodsl




Prediction to LRHC

Gougine wass velitiow

SU@x LUy € wixture of SU)x SpE)

= th %
Ay ds
H‘L-E-*zm
< - dsg Cla
ik . B 6 W
cly Qg S Oa
Y 3 =
Ay

Medified 3&!@3'{“: wass relation
( one-lecp RGE invaviest )
Arican: -Homed , Clheng
Hove: 'A6

Kurosawa , Nowuwsre

Suzauki '”




SR fa o
l@ 1U1 t
T e
@ -C
I\\..M.l







