ORBIFOLD BREAKING OF LEFT-RIGHT

GCAWGE SYMMETRY
~ ICHEP 2002, SESSION 12
S . NANDI

OKLAHOMA  STAF NI v'e RSITY

' woRk DoONE (N CoLLAeoRaTloN
Y MIMURA , hep- pl./ozo3l2.6

WITH
(To apecar W PLE)

mmonucﬂw To ORBIFOLD SYMHETRY ensnmé

(INTERESTING ALTERNATIVE TO HIGES Mecmmsr*

. EXAMPLES OF (FAWGE SYMMETRY Baemma

/i APPLY TO 'BRr-.akme- OF LEFT-RIGHT

SYMMETRY  ON s -
/2,+2) ORG| FOLD

PHENOMENOLOG-ICAL -mpuca'r:'ons

Q—-} ouk WoRkK

. CONSIDER ONLY ONE EX
AT ThE Tev™'  SCALE
m——

TRA ‘DIMEN.sz



| NTRODWCTION

STRING MoTIVATED .
5. FIELD THEORY ! (%.4)  LAE0 VA5

| |
@(xp").t Co'm}padn:fa . m & cicle , S

3£ﬂa

SYMMETRY BREAKING
ueader &gl

b= Qi’:) B = PE6Y)
bu Pz am (N¥N) maltris

.P= olso P?P=I-,

]

Ly - v, does wob Asquive P=T o - -I
’:b S'awww‘ﬁ} com Ae Aroken :6-3 abvw?

duﬁﬁuzwt Cowkanewh o-Jr, § J FFE e 25 P Mad'é




| ORBIFoLD BREAKING OF
EXAMPLE :  LocAL (9omge) SYMMETRY

#

Ldeo. 76% ‘wa mromwfs a}. e
foui palds of-ﬁ frm}w“”’"‘

TLOSG. e umder 2, =9 lnGVQ, gwowsée'

Those add umdr Z; => no. %m wode
G_ 46\'0.-‘5 G' |

o {xample-. Ccmsubf Su.t:.) 34»;4. Sywwetvy
G el v
Aa , o= 12,3
Hie (ty) = Ta Ay (ng) , MM E
o = =4 T (R F™)



wadte Do @+

A (m)—’ %C*.-‘:) = P "r““) P
As () = A (1) == P As(xi3) E

e

Cheose P (. _,) f“’""
PTF'= -, PRf's-T, PRF =T

_.:.._Not», ,. f)_ (1.,) Ta e Lv..g)

TL». La’mram to Mmm wVv., oo.wwms"l ﬁmm

A’hz ()fa ',) "'"'- '32 (xl") %?\0 \YI‘-,SSI‘SS mﬂk
A,.s Clo"i) = /ua C*:#) ? ‘no.w. massless ‘mde

SPECTRWM U-PoN e SPECTRM APON
_CampacTiFICATION ON S - CompacTt Flc’“"““ ON 3/2:
Stedes Wass # St "“@565"‘:’:;.--,' H

Q ; SR a.) v R
(e / SO s A,aﬂ:lﬁ : l/a‘ >4
Ana 6 3 ) o,
)
G =03 :
g  dwkw & |
/ 2 B y i j_@::@‘ ;‘;? :
:{ S 1Y A3 '



What heppptns w As (. ) ?

ASC“,) = T& As“

As (r~9) = _‘-P As(ty) P o> As (t-9) = e (*‘3)
Y HCENE ~As (%)

% As'.z(it':l) fws massless wmode

CAS- (7«)) N o hﬁS-thS& mode

ACJM ‘massless Pm‘f'b’e

NE. com malte massless wnodes ok :tP_:M b e
sgpE ]

i R
| ..§..‘...._ N"-‘ e Cove seediion
_‘Z:.#_&' f“____ P“ﬁ_-—

20 1 —=>-9
4
r NS R e 2
NLML 3' a 1-1%
Fred powds : 9> e
Ol ¢ y T h‘
Umdex S%z ! Skhs = 4+, -
 lmdey Si/zzfi';. y Stateg $(’+h_+)+_ --;

Ar,;}f f"‘ 7_"




REAKIN ¢ >

i S i

. 4
Bo.g,c cdes a;ss) pn O&ﬁm Zr % M

S-PERSYMMETRY 8

Vector MP"'*: V CAHa )a Z’, 0-) )

/ AJA A
o S 5 +T_ S
“Vve

Ey‘-‘-"‘“‘% t 4D Vectw vuultablet V("/M)‘)
omd o choyed 'mwl.tplc'i' - Q’%W
?‘Pma:l-u.tm , (A',Z) .

A ! N le
S' » oM have WNAZE les
\y Y' wode
- e ’ | i
2N Mg
\, \ ss las
N ¢ ":'/ =mm4?

Cl')ﬂ .-

™ 2
"“‘h:’." = ne wessley

< _ - w
S A.= C"""')"'msless».? Breaks n'51 susy

A= CG-)
)Y =C-n+)}->no mossless mode
2750 D Bresks 4otk Sefsspematy



SPECTR®M
7 S\ /22 $/2ax3]

' ' ’
R, PN R
®’
> ® ® L) ° ® @ » &
"ﬁ"L * o
%:‘*‘ » o o > © © o y
t® o © o 6 o o6 o #

( 8- S s




NG,

RIGHT FAUEE SymnETRY

C‘f Mimurea +S. Nma‘-)
hap-phfo2 03 12¢

ORGI FoLD BREAKING OF LEFT-

Sk Sw(2)n X Ulay
?L n 3' |

[&SR . 21,37ﬂ E%

’

Two CQ*PL‘")S S 9,9
A-L
Q = T+ G * =7

W
I

(N:-) w;]_) ? (wf; N;&) > B

n

Sw(a), % SW@)g P W0

M Wy we
—(—:)-5—-) Swl@a ) X ‘ACUY —W Dewn
thygs kg
(A, o ¥r) Mmﬂ]u :
| ' )) (97 = r)
(‘&l’l') ("i’ .
(s M k!
W{w-,;lvl-s\{do ) LV
4 k.u)
R O



Le&e“?b}*‘* o 2wmmety

‘hm-vun;.sl\.'.‘l d V-masis

LEFT-R!GHT GAWEE SYMMETRY N §D
AND ORGIFOLD BREAKING - ,
0 Phaga sk

Sw(a), % Swia)p ¥ W (De-L "

| relpguta compedifietion,

Sula), y. u.t.\)“u Wa-L PR
T e () Y
L%"g, QCIAn) » K

VR4YN "



We unbose e . | @
£d ';f...’., Kol :{fuouua Tfhsfmmkon f_, e
2,: O = Py P

Ve (=9 = =P Vel P

Tt % (-9 = Pluleyn P
e (%, -y") = =P Ws (%9") g
5D Legvemgiom s WV. unde Hiese T,
‘4’.: Te l‘“) Vg':.T“ Ve

e osu@) ame WD, qampe foelds,
we choste, p=9p' =T = toe:
Fr Swl)p gqompe elds,
i (1 ©
we choose P=T , P = (° -1
4
VR:]% Uu\- ﬁ%)
Vil  —Wgp
TL\C\!, Uﬂ\b? 21*2‘{ b

W&s :C'l‘a'l‘) o) Ng . C+,_)
W) s WE (=o4)



4e  Fowsey u’mduﬁ as
«9
Wn“'v) = V'!’!"g [h.%" (*) -H?.ZNS? Cos 3_‘;"—] o Mus:%

ws|

So, e f'f'—“ S Cou

t, P |
W (9) =& [? WO, ccsclt%?] 3 mass <E8)
. ' =0 ‘

£ R X L 4 (S o
W (vy) = TR [%owg (r) Swa (2‘“'2’2- ] ; musg(’lﬁ"P
) -2 S 3¢ . (2 , _@n+2)
W (#:2) = Te [:Z““s- (%) Swa (_'.'_"%)_’],mcu-—ﬂ-

:?’ by Wey hos  wessless wode
. D Sul)e & broke. & We), .

Now, we wuse hggs ﬁ‘d‘s T brek
SWOR ¥l KWLy, => Swiprul) —> WO,

 weed: %y (12,4), f'(z,z,o)
- Umder 2,03
Ze (2, -9) = PAn (g,‘)
e (m9) = - eluy)

% (,-3) = ¢, C;,.‘S-P-l

| CP' .Cx’_,t) - ﬁ C",) PI_'



@

v evder be break Sywm., g ot D(2,2) must
‘\.vve- VEVS ﬁ Yust kg,v. em modes |

e ® (;K:;) p ¢ = 2’: ﬁ?)
\ cLoosg P‘-"'C: 7)) ?8:=(l°a}')

-nﬁﬂg w‘” ?szi .

+ %
xg . ("'."‘) ) x. . (\‘-,-l-)(" Massless ‘mode
= % Ka Com hLeve ygy

4’77!.) (0 (3] ()

h;ﬁt‘:k’d.l‘-, ‘ 0’!2 “qsu’s %""
Bt it Comt lLeve vBV. '

R Ly = (), gy = (

m Ma uSwed L-R woded :

(4.61,4.07 (* °)

L[-*R Muu& ~ bk’

' del
%0, W orbuft!-l Cuwr-d*r.d. v o

= NO L-R Miwg



GAuGE Bosw- FERMION  COWPLINGS

Ferveaon MPM ore Some agwm Lo Ususl
L-® wnoded !

(3= (b ) 1 o= (o4
%), = (koo (k=070

Ne ostuwe f”‘wus ons wf"‘“‘ A 4 4p welt
ok me ‘q.ul- fored PM; ~g_=o .
D oWade doww  Ha rm- tntrocki, W 5D,

- J‘ codw ?@ [A :Tv-n + 9; J&M]
U‘\e.-u J-A



 PHENOMENOLOGICAL JMPLICATIONS @

Quabctetive diffosmces R Mo upuoh L@ P

Dl exetdRes ol Ak Legt omd nght
homdes gosge Aosams
v Lowest Wa St & o K< excttediom

oy - 3
| vanss =Ji

‘lowest Kk egetedton ? We hes wmacs 3%

Ue shott see thet Cunned oo Yeshnek
Jﬁ com de os low o8 ~ 2TeV .

‘% At LuWC, Wwe woug oblerve wot “(3 Ab“’-ﬂ'
Wa, 4wt one or two KK ercidedims |
= Show evidswe o hugher chmensions,

@ Unddee  Wwswel L-R Model,
no Lf-THE  Wworwg o th Changed packer.

= Wy A2 WY
. Mo Ms?wwdtg wA 'Fg&%’u-wl YA A d&f;:}



©) w‘;‘) s o kk ohR @

= chs conplwy B &zmdw o leager 49 a
Jf.dwva Mom ba WSwal [~R model .

-6;;0 = 2 (usual LR wodel)

=R wmodel .

@ Re Our wodel,

M;'g) Cos L0w "i‘. d v*

¢ hevess :fw ususd L~R wodel 3 R =
(.fw #e sowe bhgge multiplets)
Also, owmie I/p >’9V/ﬁ |
. W:_OJ vs u'w:.k-& £ {e hasarver ﬂm‘zzf")
@ Less condibition B wewtrino less - clowtble
""4‘ olacey (wno L-r- Mw;) .



LimiTs on 2{",%” MASSES AND ON AR

FRoM CURRENT DATA
_____M

g_.?- Mass ©  Use P'veea.:sm LEP dwhn

We wsed F-B assymmery w €€ 2> ete

P = o __

M.;' cos 6w

Fee Own model P:-_ '+4PLG.+4€’"

(S A LN
M viams
4f 0 = cos2by "‘&%‘* af,> 36r™W feVE
e
2 M %
Alse) ¢ = Mg 3+ 3 (1+9)

= Cos'Ou My, 4
whve 4¢ 2 = (14 cos20w) %
= M = 0:IS138 r 0.002/¢ '
Use Re= o
il v F-DB ars;wm-dv,

= Mym H 935ered 95 y.CL



CONSTRAINTS oON w{') MASS AND '/ﬁ ;

- Two  WAYS (1) aaum decey
| ® ke-is ‘mcxina
@ Puon decey RV
V Ye
Fe oua waodel ywe got:
n'l— % R ,- gw) C'

. 4
|+ 0082 4 + T . Mw,
- 0:9992% + o0.00/§5

le® uo -mwwa
. recacve$ enokolitTmed ControbTims

d Vi S

w,m ) \MASS""'%
A

colmrc. .x &M;(v k)

= Mg YA Dk Y 19 Tev




. ©
Also: W onder B ve wmass fetk wp owel
doem tpe gneds ) nead on® @ (2.2,0)

Lo = (. 2y, 4oy = g;a)

GAULG-E BOSON  MASS MATRICES
Chessed  gachwr ;

ﬂk“.’, 2w\
(u{‘“’, W )) Pf

uh«. k k, 4-!(:..' .

= Mo l-tf&-u"‘-* ’“""""‘"3
= M . ﬁwyx,




Mass wefrie Ao the newtml sectw :

0 ™
| (w) WaL
LTS M ( i
B\
¥ 2w
% - O el
-ﬂ;_‘ k* 9;‘(m-v") +(‘.;)" _,.glv,_
\ ° ~Los'v? %, pan
3 V+®)

%hb KRk lavel 'Vm.%h\a
‘# MA‘.) =0
k™
"zf" ~ Muo = (1=tomOw) .‘.‘;:}

Cog” Ou
M | “,, Zh "
n = hcing

Miw ~ (24
>4 + 6030,,, 2
( ) 2c|»sz49,,,9 £ "2%0
On = weele Mh‘lhﬂ’ M'slf.
22/

EOTVER N s,-w--

o Vo™




CONCLWSION S

. CAWGE SYM. BREAKING USING ORBIFOLD
CoMPACTIFICATION [S AN INTERESTING ALTERNATIVE
To HI66s MECHANISM

APPLIED ToO [-R GAWGE Sym (N SD

Su@)a (As WELL AS PARITY) Is BROKEN TO

W), WPeN CoMPACTIFICATION

SEVERAL DISTINGUISHING FEATWRES _FR'oH
THE UsuaL L-R MODEL [N 4D

=> EySTENCE OF KK  EXCITATIONS

= NO L-R MIXING )
(o)
= LIGHTEST Wp fs A Kk STATE, 2,18 M
Bou-N:Ds ON NP), ;_zf) Low E‘Neuﬁ-ﬂ So
THAT LHC CAN pRODUCE THOSE, As WELL RS

| oR 2 KKk ExciTATIONS =, EXSTENCE OF
Fxtea DIM
= Producrion CRoss SECTIONS As WELL AS

DEcay wioTh LARGE 8Y 2 For WS, Bur weT

Fon 2,



