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Ovtline

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 516,10 16, +16, 10 % 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

ouM tan g 42 A tan S
R L

2
m; m;:

+logcorr.




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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A 16,10 16,

it +.,b,tav requires

Ay =—2M My = \Emlcs
m, > few TeV  y,M,, << m,

tan 8 = 50
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Roughly 42 comes
from RG running 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

Ay = =2m My, = \/§m16
m, > few TeV  u,M,, << m,

tan f =50



lars !

BR(B — X.7) =(3.55+0.26)x10™  Exp.
BR(B — X.7)gy =(3.15+0.23)x10* NNLO Th.

ff SM SUSY
P-Cc™ . C

eff SM

. SOTAR
= tan,8><3|gn(C7SM)z< s

m | L
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uM >0 = uA <0

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

G/ =226 i or

__ ~SM SRR SM
C = .-




LHCb BR(B > K u' u47) favors C, ~+C."

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

C¥ =0 or

_ SM e SM
Caa(C L HE
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Light Higgs mass

2 2 2
m. ~M; cos” 2[5

i 392mt4 In Mszusv b th 13 Xt2
8 2 i 2 M 2 12M 2
7T-my m SUSY susY /J

t

Sl X 2 i
X, =A tan %/'susv 6 Max mixing

Large A, & M., > m, 2125 GeV Easy
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Light Higgs mass

Careng,
Quiros &
Wagner ‘95
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e
Bel B, -> ut u J:
Light Higgs SAM-like

SAN s 3 x |09 ASSAN : ~ (tan B)°/m,

i
CDF 1.8 +09x10-8 (95%CL) w/ 7 b

LHCb bound <4.5 x 10 (95%CL) w/ 1 fo™

m, = 1500 GeV

— h 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)
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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 10 4,

+;(_a[|v|z;(a +45%163 +45%16a + A16,

@2 <¢>=[;2] (45) = (B-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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Georgi — JarlsKog relation

I\/IGUT I\/IZ
m, ~3m, — mg~m,
1
m, ~ — m, —> m, ~9m,
3

Renormalization group invariant

m _ m,
200 ~ %e =9 /nd

22



W

neutrino

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

+%(S,N,N, +S;N;N;)

a a ada




W =vm v+VVN+¥%NM N

neutrino

ey

8 0 —&'w %5‘5&)\

r e 20
Y, =| £ ERaECNeS fRe ()| (20 -1)
\—3550' -3¢0 i

: ROESYL 0
m, =YV%sin,B e R O
UEERUEe )

M, =diag(M, M, M,)
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T T I T
m) M =U. (mV(V ) M,V )Ue
Using y° analysis, fit

15 charged fermion & 5 nevtrino
low enerqy observables with

Il arbitrary YuKawa & 3 AMajorana mass
parameters

mmp 4 £ 2 dof. or6predictions
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Global y? analysis

Sector = Parameters

gauge 3 ag, Mg, €3,

SUSY (GUT scale) 5 mus, Mg, Ao, ma,, mu,,
textures 11 e, €, A 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 1.4
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* — vtv) 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
Mp, 120 |
M 5 842
mg, 1903
m; 2366
msz 3933
g 60
mﬂ" 120
mg 506
Required C, =+C" =



SRS L
YuKawa vnification : AASSAA at Large tan 3

WorK in progress with
Archana AnandaKrishnan
Christopher Plumberg

Using

3 Tamily GUT code and svpport from
Radovan Dermisek + Aditi Raval,

Higgs code of Pietro Slavich &
AMictOMEGAs (B -> sy, B -> urp)
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Preliminary
m = [0 TeV

AnandaKrishnan,
Plumberg,
Raby

Observable

Exp. value

Fit value

Mw

M,

Gp x 10°

1/acm

as(Mz)

M,

my(mp)

My — M,

m.(my)

ms(2GeV)

ma4(2GeV)/m4(2 GeV)
/Q*(2GeV)

M.

M,

M,

|Vas|

|Vub| x 10°

| Ves|

sin 23

Am3, x 10%!

Am3, x 105

Sill2 9]2

Si]‘lz 923

Sill2 013

ex x 10°

80.44
01.187
1.16637
137.036
0.1184
172.9
4.19
3.43
1.29

0.1
0.052
0.0019

1 L dadord

(i
0.10566
0.000511
0.2252
3.80
0.0406
0.673
2.46
7.54

0.307

80.55
01.1876
1.166
136.987
0.1182
172.4
4.49
3.46
1.299
0.092
0.07
0.00189
L7777
0.10566
0.000511
0.2249
2.995
0.0397
0.615
2.457
7.52
0.295
0.433
0.0132
243

BR(B — X.v) x 10°
BR(B — ptp—) x 107

my,

2.99
4.6
127.8

total y=:
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Preliminary
mg =15 TeV
AnandaKrishnan,
Plumberg,
Raby

Observable

Exp. value

Fit value

Mw

My

G[: X 105

1 /“.Qcm
Q's("‘[Z)

M,

mpy(mp)

My, — M.
m.(my)
ms(2GeV)
m4(2GeV)/m,
1/Q%*(2GeV)
M.

M,

M.

|Vus|

|Vas| x 107
|Ves|

sin 23

Am3, x 10%
Am3, x 103
Sill?' 9]2

sin? 6y

Sill2 013

ex x 107

(2GeV)

80.44
01.1876
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

0.307

80.61
01.1876
1.16604
136.95
0.1191
171.5
4.21
3.38
1.11
0.096
0.067
0.00187
1.776
0.10566
0.000511
0.2249
3.05
0.0400
0.623
245
7.5:
0.287
0.531
0.0158
2.25

BR(B — X,v) x 10°
BR(B — p*tpu—) x 107

my,

3.41
1.65
123.7

total y=:
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Preliminary
m = 20 TeV

AnandaKrishnan,
Plumberg,
Raby

Observable

Exp. value

Fit value

My

Mz

G[: x 10°
l/acm
a(Mz)

M;

my(my)

My — M.
me(ms)
ms(2GeV)
my(2GeV)/m. (2 GeV)
1/Q*(2GeV)
M,

M,

M,

|Vas |

|Vap| x 107
|‘:‘b|

sin 23

Am3, x 10
Am3, x 103
sin"" 9]2

Si112 923

sin” 6,4

ex x 10°

80.44
01.1876
1.16637
137.036
0.1184
172.9
4.19
3.43
1.29

0.1
0.052
0.0019

1 i do 4

(N

0.10566
0.000511
0.2252
3.89
0.0406
0.673
2.46
7.54
0.307
0.398
0.0245
2.228

R0.7
01.1876
1.1670
136.108
0.1188
170.5
4.27
3.44
1.12
0.10
0.068
0.0019
1.77
0.10565
0.000511
0.2251
3.27
0.0399
0.663
2.51
7.48
0.290
0.456
0.0055
2.45

BR(B — X_v) x 107
BR(B — putp~) x 107

mp

2.09
<4.5
126

3.46
4.5
125.5

total y~:

31



10 TeV
—20 TeV
1279

243

15 TeV
—30.5 TeV
e

(i

219

20 TeV
—41 TeV
1169
249

\2

30

25

29

BR(g — eq) x 1003

0.00224

0.000045

0.000024

M.

128
1741
1811
2251
4043
129
260
850

124
751
1655
2739
5591
136

383

125
2252
2526
3782
7813
162
341
1041

32



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
¢ g_)t'EZO1b6ZO1 tBZ_,"' f(}T‘ git)ii\(} maSS?

Bad e Other

Fine-tuned 1/1000 LS




Other boundary conditions at A,
" DR3
" Non-vniversal gavgino masses
a. Gavuge Kinetic fuonction
b. “Mirage mediation”

34
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DIR3
Baer, Kraml £ Sekmen
arXiv:0908.0134
©) (1,2)
6 == 6

m? = Q. D, +(m/ )2

@l B e [N SR |
@ M el IS~ S | 5
m_O

[ m16




Non-uvniv. Gavginos - Gavgino Kinetic function
BadziaK, Olechowski £ Pokorski
arXivi0907.4709 (hep-ph)

u <0, M3:M2:M1:1:_%:_%

+ D —term splitting for scalars

Totally different spectrum
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Non-univ gavginos - i

u<0, M. =

,

\

\
oo "

4

Oyt 0 @

+ D -—term splitting for scalars

\

J

\irage mediation BCs



Extra slide
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M_gluino

chi2 vs M1/2

y ' Chi2 for m16'= 10 TeV ———

chi2

\

0 1 1 1 1 1 1 1 1 1
240 260 280 300 320 340 360 380 400 420 440
M1/2
M_gluino vs M1/2 Higgs mass vs M1/2
1300 . : i . 128
' ! G'luino mas's formi6 =10 Te\%— \ I ' I ' ' Hlnggs mass form16 =10TeV ——
1275 |\
1250 | . \
/// \"
7 127
1200 | P . \.“
i 1265\
1150 | /’ -
S - 126 - II".‘
1100 | / ] § -
P 1255 S — e
S §! -
1050 |- > i {4 = e
7 125 | L J
S T~
1000 / B 1245 | \\/ -
e
950 - / i 124 T _
P B
/ 1235 e |
900 | i i o
/// 123 | | | | | 1 | 1 L
850 L 1 L | L L 1 L L 240 260 280 300 320 340 360 380
240 260 280 300 320 340 360 380 400 420 440

M1/2
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