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The Flavor Structure in the SM

* In the mass eigenstate basis, the interactions of the Higgs field are also
flavor diagonal ~
d;(m; + h; H)d;, with m; = h;v

Flavor Changing effects arise from charged currents, which mix left-handed up and
down quarks:

GL,iVie LW, +he.  where Vexm =UJDL

« The CKM matrix is almost the identity ==> transitions between different flavors
are suppressed in the SM

» The Higgs sector and the neutral gauge interactions do not lead to FCNC



FC effects in B observables in the SM

A) Bs mixing
B=(bs)  B=(b5)
Flavor eigenstates mix via weak interactions

Mass eigenstates: \ T

B, = pB) +gB’ B, = pBS0 —qESO D

G Vts

B, and B, differ from CP eigenstates: -
q/p=e"" with B, =0(107)

The B meson mass matrix M = Af_ zF{Z M, =T, /2 [, <<M,
M, —iT,/2 M-iT/2
2
AM =M, -M, =2M ) =-Cr B, f2M2S AE
s = Mp —Mp = 2l = _— Ny, BSfBS W o(mr) ts
. . / lattice ,
Short distance QCD corrections Box-diagram



AM; Direct Measurement and Global CKM Fit
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« SM fit:

CMK fit =AM, =21.755% 0 ps™ at12) 0 CL. [P
UT fit=AM =21.5+2.6ps "' at1 o CL. _




B) Rare decay rate B; — u'u

, m
SM amplitude « V, MM

w

BR(B. — u'u-),, ~ (3.8+1.0) x 107 ——
* Present CDF limit: BR(B, = u*u-)<1.10"
C) Rare decay rate B— X,y

BR(B — XSV)SEI;/I>1.8GeV = (3.38 T(?le :?_3302 x 107

Estimated bound on New Physics
using Belle results ==> Neubert 05

IBR(B— X.y)*® - BR(B— X,7)"I< 1.3 x 10~



D) B, — tv transition

u v!

2 2 2
BR(B, — )" = ZMsM: (1_ ””2) FAV, [z, =(1.59£0.40) x10™
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Flavor Beyond the Standard Model

« Two Higgs doublet Models: L A
Yukawa interactions ==>  d ,(hy, ¢, +h;, ¢,) d, .

The Higgs doublets acquire different v.e.v.’s and the mass matrix reads

==> i il
m, = hd,lvl + hd,2V2

Diagonalization of the mass matrix will not give diagonal Yukawa couplings
==> will induce large, usually unacceptable FCNC in the Higgs sector

Easiest solution: One Higgs doublet couples only to down quarks and the other
couples to up quarks only

Supersymmetry, at tree level

~L=1, iAzfqbld,{ + ﬁg+¢2u1§)+ he, W =( i)

<

Since the up and down sectors are diagonalized independently, the Higgs
interactions remain flavor diagonal at tree level.



The flavor problem in SUSY Theories

SUSY breaking mechanisms ==> can give rise to large FCNC effects

* Novel sfermion-gaugino-fermion interactions, e.g. for the down sector
/

i 2 T + 7 _ 77t
dL,R )\’dL,R — dL,RDL,RDL,R)\’ dL,R recall VCKM U/ D,

where DL’R come from the block diagonalization of the squark mass matrix

tx Mg+ Vihih, + Dy (A, —wanp)i; | (d;
bR Vlhd(Ad—u*tanﬁ) My, +vihhy + D di

2 2
« The diagonal entries are 3x3 matrices with MQ’ M}, the soft SUSY breaking
mass matrices and the rest proportional to the Yukawa or 1

» The off-diagonal matrices are proportional to the Yukawa and to the soft SUSY
breaking matrices A; coming from the trilinear interactions of the Higgs
doublets with the sfermions

Z‘Z(Aquz - M¢1)ﬁ;ﬁR + &Iz(AZ(A - l/‘(/ﬁz)ﬁ;gle +he.



Minimal Flavor Violation

S W.H' d
« Attree level: the quarks and squarks
diagonalized by the same matrices uct | L uc,t
Dix=Dri Uw=Uus . oo I
S
Xi
Hence, in the quark mass eigenbasis the only FC = , . d
effects arise from charged currents via Vg as in SM. ¢ = +i ’ﬁi.cNhG
q E E{J i
= 3 s
« Atloop level: FCNC generated by two main effects:
1) Both Higgs doublets couple to up and down sectors Isidori, Retico
==> important effects in the B system at large tan beta Buras et al.

2) Soft SUSY breaking parameters obey Renormalization Group equations:
glven their values at the SUSY scale, they change significantly at low energies
=> RG evolution adds terms prop. to #,h; and h A, and h.c.

In both cases the effective coupling governing FCNC processes
D’Ambrosio, Giudice, Isidori, Strumia

(Xpe)y =(hih,), = m’ V§KM*V§KM fori=j



tan S enhanced loop corrections
to neutral Higgs-fermion couplings

~Ly = dRh, |6 + 98 (80 + 8h0h,)|di + 93T+ he.

/ \ f pY € loop factors intimately

P /0=
n ;4’2 I + connected to the structure of
% di ~ uj Uy the squark mass matrices.
d, AR R NE
z'/ \\._K h, \ A
dL g dk dl‘ 52_ izl_ dR
* |In terms of the quark mass eigenstates Dedes Pilaftsis h, =M, / Va

_Leﬂ = %Z(tanﬁ (I)? - (I)g ) aRMdI:VC-iI-(MR_IVCKM ]dL + Vizq)g aRMddL + (I)gﬁRMuuL +he.

2

h,| = R diagonal

and R=1 + ¢ tanfB + ¢, tanp
Dependence o 20, u M, . wA
on SUSY —» S = 3 o) 2 2 v =

7T 2 2 2 2
parameters max[mji,mjé,Mg] 16 max[m;1 ,m;2 U ]




Looking at V,, =1 = Flavor Conserving Higgs-fermion couplings

*k %k J— 1 k—
L, - Viz(tan/s o — @ ) b M, b, + Vizcbg b M, b, + h.c.

NRE 14 (83 + 8Yht2)tan/3 El

2 Higgs SU(2) doublets @, and @, : after Higgs Mechanism
==> 5 physical states: 2 CP-even h,H  with mixing angle &
1CP-odd A and a charged pair H*

such that : |¢ =-sinah+cosaH +isinf A and at large tanf, m, > m™ -
¢y =cosah+sinaH - icosf A cosa =sinf; sina =-cosff
Y H+id=sing @) -cosf g}
_ _ m,tanfs
m, tanf g Eavp = Empp =
L, =P 0 b ke > 1+A,)v
eff  (1+A,)v P PrdL ( )

destroy basic relation

<< ‘Ab‘=> Eare = 8pr = mrtanﬁ/v 84/ mon! 8arpee = My /M,

AT




Non-Standard Higgs Production at the Tevatron and LHC

. Enhanced couplings to b quarks and tau-leptons
»  Considering value of running bottom mass and 3 quark colors

9 (1+4,)’

BR(A — bb) = BR(A—T'1) =
( : 9+(1+A,) ( : 9+(1+A,)
g b
...................... g Gluon Fusion
Associated Production =~ e b
....... HA l> S
. . g
b e
2
o(bbA)x BR(A — bb) = o(bbA)_ x tanf” 0

M (1+A,)° (1+A,) +9

a(b[;,gg%A)xBR(A%T‘L')sa(bl;,gg%A) X tanﬁ;
Mo (1+A,) +9

There may be a strong dependence on the SUSY parameters in the bb search
channel. This dependence is much weaker in the tau-tau channel



Searches for Non-Standard Higgs bosons at the Tevatron

A) In the bb mode ==> probe large region of tanf —m, plane

Stop mixing param.: X, = A, — u/tan 3

pp — bl;gb, ¢ — bb |= based on DO —260pb"
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* Enhanced reach for negative values of Y
« Strong dependence on SUSY parameters M. C. et al. hep-ph/0511023

o(bb$)BR(¢ — bb) = 1/(1+A,)" = enhanced for A, <0 <> u<0 (if A, and M, >0)



B) In the tau tau inclusive mode
pp —> X¢, ¢ —1'T" = based on CDF: 310pb"
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M. C. et al. hep-ph/0511023

Important reach for large tanb, small m,

» Weaker dependence on SUSY parameters via radiative corrections



Loop-induced Higgs mediated FCNC in the down-quark sector

« In the MFV scenario, the neutral Higgs flavor changing Lagrangian

Lyene = di(X5) i g+ he. withi=j ¢ =hH,A

my hf@ (xg - x tan[g’)tan/BV

- B
V(l +¢&) tanﬁ)(l +A,)

and (X;L)ﬁ =

Example: case of universal soft SUSY squark mass parameters

x;,X; are the components of the h, H and Ain ¢°,¢°
==> tan 3’ enhanced coupling for H/A or h/A, depending on value of m,

« Effects of RG evolution proportional to /2,4, in M, = (X,iL)ﬂ x A, /tanf3 — €’

L-H. squarks are not diagonalized by the same rotation as L-H. quarks
==> induces FC in the left-handed quark-squark-gluino vertex prop Vxu



Correlation between Bs mixing and BR(B, — u*u")
due to tanf enhanced Higgs mediated flavor violating effects

2
SUSY X2y . X;i ’tan[J’2
(AM, ) o @%ALR BR(B; — u'w)™"" « ‘ -

Negative sign with respect to SM

* SUSY contributions strongly correlated, and for Minimal Flavor Violation
AM mj

Bg

oC
BR(B; — u'u’) tanf’

to maximize AM’; : for a given value of BR(B; — u'u-) <> minimize tanf (for fixedm )

. 2
=> choose large, negative values of ¢, and &, (large implies u ~ M 5 ~2M  ~ 3 A)




Upper bound on NP from CDF ==> AM =17.33_| +
M. C. et al. hep-ph/0603106

What can we learn from Bs-mixing?

How strong is the bound on BR(B, = u"u-) ?

1042 O.O7ps_1 AM?KM = 21.7:’2_'3((:'69_';))]951
AM{" =21.5+2.6ps™

[Tan(B)= 10 GeV —
.Mn an(p)

. B v, -0 Gov
& 5] M /Tan(B)=130 GeV -~
. ] My Tan(By= 40 Gev -
“ B | My /Tan(B)=50 GeV - --
mo | M, > 500 GeV r A/H at the reach of the
= M, > 1000 GeV m Tevatronor the LHC
: Hiphataltliny - strong constraints on
SUSY
0l . — |AMS|DP
0001 a1 : a1 NG
BR(B;=ptu) x 10 BR (B, = u'u-)<1.107 T
large € factors implies heavy squark mass and trilinear terms v
For natural values of m,< 1000 GeV ==> largest contributions at most a few ps-1
SUSY 1 ] . .
‘A B | ~ 3ps = improve the agreement with experiment

= imply that BR(B; — ¢ 1) should be at the Tevatron reach




Flavor Changing in the charged Higgs coupling

- Similar to the neutral Higgs case, we have tan5 enhanced loop corrections
which depend on SUSY parameters

h, & b

h‘ >

3 t
/ \ h,
—r e ) >
Ip g dL tR
~L! =%] Py d H" +% PJi di, H + hc.

5 A2 m, tan 3 :
l \‘PLJR3= v b* VCJISM

(1 + & tan ﬁ)
3i 2 .
cotp Vi, (1 tan B(&, — &, h; )) PR =PRUJ—=3¢ —A,)

This type of corrections are most important in constraining new physics
from B— Xy and B, — tv

V2

3
PRL =



Important SUSY contributions to BR(B — X,y)

A * Chargino-Stop amplitude

'x 2 A tanf3 m

o A= sy),. « BB B e me ]V,
S bt by (1+A,) !

; § * Charged Higgs amplitude in the large tanb limit

R t
Par i (h, - h, tan ) m

B 2 A(b \ : : b o |V
¢ THT %, O T,y el

) S 20
with &k, = h, (&, - &,h; ) « b, 3—;MM§

If: At ~0 (==> small stop mixing ==> light SM-like Higgs at Tevatron reach!)
==>small contributions to » —> sy from chargino-stops
+ large u M; >0 ==> cancellation of charged Higgs contribution

NO constraint on tanb-ma plane from b — sy

Recall: bound on New Physics o a »
using Belle result : Neubert'05 ==> |BR(B = X 7)™ - BR(B —= Xy)™"I< 1.3 x 10



B and Higgs Physics at the Tevatron and the LHC
explore complementary regions of SUSY parameter space

Large to moderate values of X; ==> SM like Higgs heavier than 120 GeV

L 2
BR(B; — u'u) <|uA,|" = Experimental bound ==> small &

Small <0 ==> =constant H* and enhanced negative x* - f contributions to BR(b — sy)

pp — H/A — t*1~ = Tevatron Higgs reach with 1fb"
/

M. =1TeV |

X,=24TeV__|

M. C. et al. hep-ph/0603106

allowed .

8
T

tan(B)

u=-100GeV | =

-
-
......

10 | ] 1 1 ]
100 120 140 160 180 2 22 a 100

CDF limit: BR(B, = u'u") <1%107



Tevatron/LHC Non-Standard Higgs searches at small X;, sizeable U

» Interesting region since light SM-like Higgs lighter than 125 GeV
« No constraints from BR(B, — u"u-)
» Mild constraints from BR(b —sy) if large u M; >0

BUT, important constraint from recent measurement of [BR(B, —= 7v)

BR(B, = tv)*®*
BR(B, — wv)*"

BR(B, )" _ H i ] an” ~0.67:3%

BR(B, — 1v)™" (1+A,)

2
m. .,
e

M.C., Menon, Wagner

Red lines: Tevatron and LHC Higgs reach:
pp —H/A—1'1T7 =

120 T T T T~ T T T

loa - BR(b — S)/) i 18 =1.5TeV
Allowed 1 =0TV
% - = -
MSUSY €

LHC (30 fb) |

100 150 ma 150 0 150 400 450 500

M, (GeV)




Tevatron and LHC searches at small/moderate X, and large mu

* H/A Higgs reach is marginal at the Tevatron, unless BR(B, — u"u") observed as well

A relatively large region of SUSY parameter space can be probed at the LHC even for
relatively “low” luminosities

tan{p)

120

I

Hatched Area: BR(B, — 7v) Allowed

BR(B, — u u") reach:
Tevatron: 1x107 (present);
2x107° (8fb™")
LHC: 5.5x10” (10 fb™)



Conclusions

» Bs-mixing measurement ==> consistent with the SM, within errors.
==>in MFV SUSY models, with large tanb, consistent with Br(B_ — u*u-) bound.

However, it imposes strict constraints on General Flavor Violation SUSY Models.

- For AM, and BR(B, — tv) a better agreement between theory and

experiment can be accomodated in MFV via large tanb effects,
and can be probed by improving the reach on  BR(B, — u"u-)



Conclusions (continued)

« The Non-Standard MSSM Higgs searches at the Tevatron and the LHC
can be strongly constrained by B physics measurements depending
on the SUSY parameter space.

-- sizeable LR stop mixing <==> small/moderate mu ==> B searches more powerful

-- small stop mixing (Xt=0) and large Higgsino mass parameter U
==> good for the Tevatron ==> has sensitivity to discover all 3 MSSM neutral Higgs bosons

-- increasing the stop mixing for sizeable mu
==> Tevatron A/H searches become marginal, but excellent window of opportunity for LHC

» Tevatron results will yield important information for the LHC

-- Non-observation of B, — u’ u-at the Tevatron ==> reduced parameter space for
non-Standard MSSM Higgs searches at the LHC, specially for large X,and ¢ <0

-- Discovery of H/A at the Tevatron, without positive results from leptonic rare
Bs decay ==> small X;an large uor Deviations from MFV



EXTRAS

* Other Examples ==> MFV from GUT’s and General Flavor SUSY Models

* Direct SUSY Dark Matter detection <==> Higgs searches at the Tevatron



Stop-Chargino Contributions to AMs in MFV

e Light stops and charginos can give substantial contributions to AM;, even for low
values of tan g.
b, ii SL
o Light stop scenario ==> compatible
with Electroweak Baryogenesis

e However these kinds of SUSY particle spectra can also induce large contributions to
ex if SM CP phase is order «/3.

e[ =(2.282£0.014) 107
13 T T T T T T T 0.0011 , T T T T T T
Arg(pn) - Al'g(Mz) =0 — 0.001 .5":_ Al'g(].l,) - Arg(MZ) =0
=i Arg(p) - ArgM,)=r/2 < || oosf Arg) — Arg(M,) =n/2

Arg(p ) - Arg(M,) =n

Arglt) - Arg(My) = "

CKM fit

5
5 115
~
3

UT fit 0003 ™ Consistent with CKM fit

0.0002

0.0001

1 L 1 1 1 1 1 L - L L 4 !
100 150 200 250 300 350 400 450 500 100 150 200 230 300 350 400 450 500

lul (GeV) lul (GeV)

Within this scenario, small values of mu (< 250 GeV) are
strongly disfavor by bounds from Bs-mixing



MFV Models with Grand Unification

» Consider effects of renormalization group evolution of SUSY parameters
defined at the GUT scale

-- gauge coupling and gaugino mass unification

-- Non-universal squark and trilinear mass parameters

Includes contraints from b —sy,(g - 2) 0 O J
and direct searches from colliders
Lunghi, Vives, Porod, hep-ph/0605177

, w>0 MFV
-5
-6t
BR(Bs—uu) ,
-8
30
AMBS

BR(B, = u'u’)



General Flavor Violation Models in SUSY (GFVM)

In GFVM ==> flavor violating entries of the squarks . |
and trilinear mass parameters treated as being arbitrary » o by

R L bIT__- Xafk
50 ) = (m2 o) [ ) i) = Mg M e e
rRr | = M, R M, rr M, rr X g '
B bL Y SR bL QR
J. Foster, K. Okumura, L. Roszkowski (2006) J. Foster, K. Okumura, L. Roszkowski (2006)
1 L T e T [ s T T IR U ! 1 L] L LU (R ST L L UL ) PR LT m, € m
J =Y ~ M8 rrERR

Tevatron measurement
of AM B,

0.5 ==> RR insertions are
5o X, forbidden or, A,and/or
S EEE RSN tanb must be very small
200 400 600 800 100C 10 20 30 40 50 60
ma (GeV) tan g

» Strict new constraints on general models of SUSY flavor violation arise form
recent data on AM, and BR(B, — u"u-)



CDMS DM searches Vs the Tevatron H/A searches

* |f the lightest neutralino makes up the DM of the universe

==> CDMS current limits disfavor discovery of H/A at the Tevatron, unless the neutralino
has a large higgsino component — u>> [\/[2

==> a positive signal at CDMS will be very encouraging for Higgs searches

==> Evidence for H/A at the Tevatron without a CDMS signal would suggest large u

CDMS 2007 Current CDMS

Tevatron reach in pp — A/H — 't with 4 b

2000
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50 | 1500
; =
40| > [
@ [ Y 1000
30} re [
i o 3
20 £ 500
10}
[ - 0
e e e -1500°-1000 -500 ©0 500 1000 150
100 150 200 250 u (GeV)
m, (GeV) LEP excluded

CDMS 2007 Projection M.C, Hooper, Skands, hep-ph/0603180




