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SOU6) YvKawa vnification

Large tan 3 ~ 50

Myiop> Miottom® Miav

Soft SUSY breaKing masses
lnverted scalar mass hierarchy

Higgs masses

fermion masses and mixing

flavor violation
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Hierarchical <0U0) YuKawas

W-16,10 16, +16, 10 g 16, +---

Albright, Anderson, Babu, Barr, Barbieri, Berezhiani,

BlazeK, Carena, Chang, DermiseK, Dimopovlos, Hall,
fMasiero, Muorayama, 1?ahi, Raby, Romanino, Rossi,
Starkman, Wagner, WilczeK, Wiesenteldt,
Willenbrock
Effective higher dimension operators,
Small rep’s + Alany predictions !!
Possible UV completion to strings !!
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A 16,10 16,

Note, CANNOT predict top mass dve to
large SUSY threshold corrections to
bottom and tav mass
Hall, Rattazzi € Sarid

Carena, OlechowsKi, Pokorski € Wagner
So instead vse YuKawa vnification to predict
soft SUSY breaKing masses !!
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N =

Bottom mass corrections
M tan 2
5”7 31” 'B — ’u’jlztan'BJrlog corr.

[

5”7 < 2%
I, Needed to it data

uM >0 = whA <0




Yukawa Unification € Soft SUSY breaking
Blazek, Dermisek & Raby PRL 88, 111804 (2002)
PRD 65, l15004 (2002)
Baer £ Ferrandis, PRL 87, 211803 (200
Avto, Baer, Balazs, Belyaev, Ferrandis € Tata
JHEP 0306:023 (2003
Tobe £ Wells NPB 663, 123 (2003
Dermisek, Raby, RoszKowskKi € Ruiz de Avsti
JHEP 0304037 (2003)
JHEP 0509029 (2005)
Baer, Kraml, Sekmen € Summy
JHEP 0803:056 (2008)
JHEP 08[0:079 (2008)
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it +.,b,tav requires

A==2m, M= \Emm
m,> fewTeV u M << m,
tan S = 50
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( 2 ) Roughly 2 comes
N ” WASEIAN rom RG ronning from

BlazeK, Dermisek & Raby
“Jost s0” = “NUHAN

W
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L e .
lnverted scalar mass hierarchy
Bagger, Feng, Polonsky € Zhang
PLB473, 264 (2000)
Third family scalars lighter than first two !
Suppresses Tlavor £ CP violation

A=-2Mg My~ \/§m16
Me> few TeV — w, M, << m,
tan 0 =50
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Argue need Heavy scalars !

BR(B— X,y)=(3.55£0.26)x10" Exp.

BR(B— X)g, =(3.15£0.23)x10™ NNLO Th.
off _ NSM SUSY
=0 + [,

eff SM
C ~ £ 0

UA

Cf oC

- tanﬂxsign(QSM) R <

m

\

0

f_2 C7SM >

J



M >0 = uA <0

m.,~4-5 TeV
light squarks and sleptons !!

C¥ ~-2C" or

__ PSM SRR SM
C = CMiCr ~ C
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LHCO BRMB>K u' y) favors C, ~+CM

BN Theory EEMBinned theory
—o—| HCb

LHCb
Preliminary
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tension between b 2> sy E b > sl -

Albrecht, Altmannshofer, Buras, Guadagnoli, £ Stravk
JHEP 0710:055 (2007

+

(¥ =0 or

_ SM e SM
C.=0"+ 0% =+0C,
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Light Higgs mass

/77,%%/!@00522,8
2] (Mig), X (5
2
87T mﬁl/_ er Méusy IZMéusy 3
e ) X £ o
X, =A tan 3 %ﬂsusy J6 Max mixing

Large A, & M, 0, = m,>125 GeV  Easy
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Light Higgs mass

Careng,
Quiros &
Wagner ‘95

C — i — — —



B e
| Bel B, -> ut u J:
Light Higgs SAM-like

SAN s 3 x |09 AASSAM : ~ (tan )6/ m,*

1.8
CDF 1.8 +O9x1o-8 (95% CL) w/ 71fb”

LHCbbound <4.5 x 10_9(95% CL) w/ 1 b

m, > 1500 GeV

= /1 SM-like
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3 Family SOUO) + Family symmetry

Dermisek £ Raby PLB 622:327 (2005)
DermiseK, Harada £ Raby PRD74, 03501 (2006)

Albrecht, Altmannshofer, Buras, Guadagnoli € Stravk
JHEP 07i10:055 (2007)

- —— — .- - B o TN A B ——




® . - - -
' ERGY Y ’ :
- N S R X

3 family <0, SUSY fMModel

D, x UMD fFamily Symmetry
Suvperpotential

YuKawa couplings

x> analysis

Charged fermion masses £ mixing
Nevtrino masses & mixing
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Superpotential for charged fermion

YuKawa covplings

W

ch. fermions

=16,1016, +16,107,

+;Z,,.[MZ;(3 +45¢—ﬂ;163 +45¢—/,;163 + Amal

@9 <¢>=[;2] (45)= (8- L) M,

2L R AVES assumed




Effective

10 +
higher 1;3 1;3
dimension
operators

45 Ga 10

- \/ -+ ﬂix - *’ -+

16- a Xa 16,
45 e 10

o \\/ -t ﬂ}ix - * -

16a Xa Xa 16a
A A 10

~ + - Xx - + -

16, X, Ya 16.

(3:3)

(3.2) (23)

(3,13 (1,3)

(2,2)

(1,2) (2,1)
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SOU0) x ( D, x VD family sym. )
YoKawa Unification for 3™ Family

I veal para’s
+ 4 phases

+ 3 rveal Majorana
Nevtrino masses

Dermisek € Raby
PLB 622:327 (2005)
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neutrino

=16(4, N,16,+ 4, N,16,)
+ S, )

+¥5(S, N, N

d d " d
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=vm v+v|//V+/2 NM, N

(€520 —&'w %g.fa)\
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E'w 3cw  Yoew (A e %20_1)

VI/

neutrino
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0

" = =U3T(mv(l/r)_1 M,Vl/‘lmf)U
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Using y° analysis, fit

15 charged fermion & 5 nevtrino
low enerqy observables with

Il arbitrary YuKawa & 3 AMajorana mass
parameters

mmp 4 £ 2 d o f. or6predictions
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Global y? analysis

Sector =k Parameters

gauge 3 aq, Mg, €,

SUSY (GUT scale) 5 mus, My/q, Ao, ma,, mu,,
textures 11 e, €, X p, 0,6 E,
neutrino 3 Mg,, Mgp,, Mpg.,
SUSY (EW scale) 2 tan 3, p

24 parameters at GUT scale

compared to SAA - 27 parameters
CANSSAA - 32 parameters
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Observable

Exp. value

Fit value | Pull (o)

Albrecht et al.

My 80.403 80.6 0.5
Mz 91.1876 00.7 1.1
Gy x 108 1.16637 1.16 0.3
1/Qem 137.036 136.8 0.4
ay(Mz) 0.1176 0.117 0.2
M, 170.9 170.6 0.2
mg(my ) 4.2 4.22 0.3
m.(ms) 1.25 1.14 1.2
m, (2 GeV) 0.095 0.107 0.5
mg(2GeV) 0.005 0.00741 | 1.2
my (2 GeV) 0.00225 0.00461 | 8.1
M, 1.777 1.78 0.1
M, 0.10566 0.106 0.1
M. 0.000511 | 0.000511 | 0.0
Vaus) 0.2258 0.225 0.6
Vsl x 103 4.1 3.26 2.1
V.| 0.0416 0.0416 0.1
sin 23 0.675 0.639 14
Am3, x 107 2.6 2.6 0.0
Am3, x 109 7.9 7.9 0.0
sin® 26,2 0.852 0.852 0.0
sin 2005 0.996 1.0 0.2
exc x 109 2.229 2.33 0.4
BR{B — X,v) x 10¢ 3.55 2.86 1.3
BR{(B— X, {7 )x10° | 16 1.62 0.0
AM,/AM; 35.05 31.1 1.1
BR{B* — rtv) x 104 1.31 0.517 1.7
total x%; 27.4

JHEP 0710:055 (2007

mie 10000
H 1200
BR(Bs — putp~) x 10° 2.1

S0 0.14
BR(p — ey) x 1012 0.0026
6a2L7SY x 1010 +0.52
My, 120 |
M 5 842
mg, 1903
m; 2366
msz 3933
g 60
mﬂ" 120
mg 506
Required C, =+C>" 2
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YuKawa vnification : AASSAA at Large tan 3

WorK in progress with
Archana AnandaKrishnan
Radovan Dermisek
Christopher Plumberg &
Adih Raval

Using Higgs code of Pietro Slavich &
ANCtORMMEGAS (B -> sy, B, - i i)
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Preliminary
m = [0 TeV

AnandaKrishnan,
Dermisek,
Plumberg,

Raby, Raval

Observable

Exp. value

Fit value

My

Mz

GF X 105
1/0'0111
as(Mz)
M;
my(mg)
My — M,
me(mp)

ms(2GeV)

mq(2GeV)/ms(2 GeV)

1/Q?%(2GeV)
M,

M,

M,

l"(rus'

I"'rub| X 103
[Ves|

sin 23

Am3; x 102
Am3; x 10%
sin” 2601
sin” 2053
sin® 2013

€Ex X 103

80.44
91.1876
1.16637
137.036
0.1184
172.9
4.19
3.43
1.29

0.1
0.052
0.0019
1.777
0.10566
0.000511
0.2252
3.89
0.0406
0.673
2.46
7.54
0.851
0.958
0.0956
2.228

80.58
91.1876
1.16689
137.116
0.1182
172.2
4.46
3.46
1.27
0.094
0.069
0.00188
1.771
0.10566
0.000511
0.2249
2.996
0.040
0.614
2.498
7.51
0.83
0.979
0.0505
2.376

BR(B — X1

BR(B. — putpu~) x 10°

mp

3.55
<45
126

2.75
4.7
127.3

total x2:




Preliminary

AnandaKrishnan,
Dermisek,
Plumberg,

Raby, Raval

Observable

Exp. value

Fit value

My

Mz

GF X 105
1/O'c-m

Qg (f\[z )

M;

my(mp)

My, — M.
me(msp)
ms(2GeV)
mq(2GeV)/ms(2 GeV)
1/Q%(2GeV)
M.,

M,

M,

|‘/rus|

Vs x 103
|Ves|

sin 23

Am3; x 102!
Am3; x 10%
Si112 2912

Si112 2923

sin? 2014

€Ex X 103

80.44
91.1876
1.16637
137.036
0.1184
172.9
4.19
3.43
1.29

0.1
0.052
0.0019
L.777
0.10566
0.000511
0.2252
3.89
0.0406
0.673
2.46
7.54
0.851
0.958
0.0956
2.228

80.60
91.1876
1.16691
136.80
0.1181
171.9
4.17
3.36
1.10
0.095
0.069
0.00188
1.778
0.10564
0.000511
0.2255
3.11
0.0405
0.627
2.29
7.46
0.782
0.982
0.0672
2.39

BR(B — X,v) x 107
BR(B, — ptpu~) x 10°

mp

3.55
< 4.5
126

3.46
3.07
123.21

total y?:




15 TeV
—30.5 TeV
772

220

\

34

BR(pu — evy) x 10™°

0.000045

M,

M4
m;,
my,
ms,
mgo

M-+
X1

mg

123
1229
1649
2717
5552
136
281
879
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YuKawa vnification & Large tan

Good

| : : To do list -
Gavge couvpling vnif.

m, >125 GeV & SM-like * Is there an
Inverted scalar mass hierarchy vpper bound on mg 22
e  Suppresses FCNC e ChiZ contours
o gttty bbby, thy - for gluino mass?

Bad e Other

Fine-tuned 1/1000 LS
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Other boundary conditions at A,
" DR3
" Non-vniversal gavgino masses
a. Gavuge Kinetic fuonction
b. “Mirage mediation”
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LR A L

0

;= Qy Dy +(m)

3) 1,2) Baer, Kraml £ Sekmen
< 7
/72(6 3 /72(6 arXiv:0908.0134
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s TR

4 s ‘-
.
. ‘.' . -.‘-.\ Jf
2 . e -
- - o -
~ s e, e, . = -

Badziak, OlechowskKi £ PoKorski
arXiv:0907.4709 (hep-ph)

1 <0, M3:M2:M1:1:—%:—%

D —term splitting for scalars

Totally different spectrum
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s TR
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2 . e -
- - o -
~ s e, e, . = -

f\irage mediation BCs

/ log(MP’m ) ;
<0, M =|1- g 2l b a

\ J
D —term splitting for scalars
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