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The CKM matrix (1) AT

Karlsruhe Institute of Technology.

a Yukawa term for up-type quarks:

Ly D *Yfl,vJéfL&)U,‘R

with
un - g ¢t
QfL = s (D = |O (D s (D =
d @°
fL
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The CKM matrix (1)

a Yukawa term for up-type quarks:

Ly D *Yfl,vJéfL&)U,‘R

with
Q= "), b=, o |7
an @°
a Rotating the fields
Qu— O =Sy
Ur — UYYS = Ufuks

renders the Yukawa matrix diagonal in flavor space:

__ yu(diag.)
i ViU = Y 0k
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The CKM matrix (2) A\ ¢

Karlsruhe Institute of Technology.

a Yukawa term for down-type quarks:

Ly D — Yf?équ)d,‘R
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The CKM matrix (2)
a Yukawa term for down-type quarks:
Ly D —Y{Qu®dnr
a Rotating the field
din — dg"> = Djiols
does not diagonalize Y¢, since the rotation of Qy is already fixed:
/; Yf(ijDik = (Vyd(diag'))jk

with the so-called CKM matrix V containing off-diagonal entries.
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The CKM matrix (2)
a Yukawa term for down-type quarks:
Ly D —Y{Qu®dnr
a Rotating the field
din — dg"> = Djiols
does not diagonalize Y¢, since the rotation of Qy is already fixed:
/; Yf(ijDik = (Vyd(diag'))jk

with the so-called CKM matrix V containing off-diagonal entries.

Karlsruhe Institute of Technology.

= Additionally rotate the down part of Q with V to diagonalize down quark

mass terms:
phys. __ \/* 4.
dp — dy " = Vydi
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Flavor violation A

Karlsruhe Insttute of Technology.

= Processes that change the flavor quantum number
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Flavor violation

= Processes that change the flavor quantum number

a Charged currents (CC)
m Standard Model (SM): W= bosons
m Two Higgs Doublet Model (THDM): charged Higgs bosons H*
® Minimal Supersymmetric Standard Model (MSSM): charginos fdf
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Flavor violation ﬂ(“

Processes that change the flavor quantum number

a Charged currents (CC)
m Standard Model (SM): W= bosons
m Two Higgs Doublet Model (THDM): charged Higgs bosons H*
® Minimal Supersymmetric Standard Model (MSSM): charginos if
a Flavor changing neutral currents (FCNC)
® SM: Z° penguins, W* boxes; loop suppressed!
m THDM: new flavor changing couplings (non-holomorphic); on tree level!
m MSSM: for a general flavor structure, squark mass matrices can induce flavor
mixing on tree level as well
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Flavor violation ﬂ(“

Processes that change the flavor quantum number

Charged currents (CC)

m Standard Model (SM): W= bosons
m Two Higgs Doublet Model (THDM): charged Higgs bosons H*
® Minimal Supersymmetric Standard Model (MSSM): charginos if

Flavor changing neutral currents (FCNC)
® SM: Z° penguins, W* boxes; loop suppressed!
m THDM: new flavor changing couplings (non-holomorphic); on tree level!
m MSSM: for a general flavor structure, squark mass matrices can induce flavor
mixing on tree level as well

a Minimal flavor violation (MFV): Process proportional to a Yukawa matrix
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Flavor violation ﬂ(“

Processes that change the flavor quantum number

a Charged currents (CC)
m Standard Model (SM): W= bosons
m Two Higgs Doublet Model (THDM): charged Higgs bosons H*
® Minimal Supersymmetric Standard Model (MSSM): charginos if
a Flavor changing neutral currents (FCNC)
® SM: Z° penguins, W* boxes; loop suppressed!
m THDM: new flavor changing couplings (non-holomorphic); on tree level!
m MSSM: for a general flavor structure, squark mass matrices can induce flavor
mixing on tree level as well
a Minimal flavor violation (MFV): Process proportional to a Yukawa matrix
a Non-minimal flavor violation (NMFV): General flavor structure (e.g.
squark mass matrices in a general MSSM)
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Why SUSY?

a Quadratic divergencies of radiative corrections to the Higgs mass are

canceled
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Why SUSY? IT

Karlsruhe Institute of Technology.

a Quadratic divergencies of radiative corrections to the Higgs mass are
canceled

a Quartic Higgs self coupling connected to gauge couplings, not a new
parameter like in the SM
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Why SUSY? IT

Karlsruhe Institute of Technology.

a Quadratic divergencies of radiative corrections to the Higgs mass are
canceled

a Quartic Higgs self coupling connected to gauge couplings, not a new
parameter like in the SM

a SM just an effective low energy theory; requires a more comprehensive
theory at higher energies
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Why SUSY? IT

Karlsruhe Insttute of Technology.

a Quadratic divergencies of radiative corrections to the Higgs mass are
canceled

a Quartic Higgs self coupling connected to gauge couplings, not a new
parameter like in the SM

a SM just an effective low energy theory; requires a more comprehensive
theory at higher energies

m Possibility for a GUT: unification of gauge couplings
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Why SUSY? IT

Karlsruhe Institute of Technology.

a Quadratic divergencies of radiative corrections to the Higgs mass are
canceled

Quartic Higgs self coupling connected to gauge couplings, not a new
parameter like in the SM

SM just an effective low energy theory; requires a more comprehensive
theory at higher energies

Possibility for a GUT: unification of gauge couplings

Possibility for a dark matter candidate (R-parity)
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Why SUSY? IT

Karlsruhe Insttute of Technology.

a Quadratic divergencies of radiative corrections to the Higgs mass are
canceled

a Quartic Higgs self coupling connected to gauge couplings, not a new
parameter like in the SM

a SM just an effective low energy theory; requires a more comprehensive
theory at higher energies

m Possibility for a GUT: unification of gauge couplings
m Possibility for a dark matter candidate (R-parity)
a Symmetry between fundamental degrees of freedom

Introduction Effective Two Higgs Doublet Model Chiral Enhancement Numerical Evaluation Backup
000@000000000 [e]e]e} 00000 000000000

Christoph Borschensky — Constraints on Dark Matter from Bs — 12 e~ in the MSSM with NMFV May 14, 2012 6/32



MSSM fields & particles AIT

Supermultiplet  SU(3)¢ x SU(2), x U(1)y Particle content
A U up fJL
Q=|. 3 2 +3 -
d a. a
) 3 1 —|—% UR, Ug
D 3 1 -2 dg, dr
N v vy ﬂL
L= 1 2 —1 N
e er e
E 1 1 -2 en, éR
. HS HS HS
Ay=1|."° 1 2 —1 I
Hd Hd Hd
. Hf Hf Hf
Hy=1| " 1 2 +1 0
0 HO HO
HU u u
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MSSM fields & particles

[ ¢

Karlsruhe Institute of Technology.

Fields SU(3)¢ x SU(2),

G, g 8 1

/ .
Wi, N 3 0
B, Mo 1 1 0
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A new symmetry? Let’s break it! AT

Karlsruhe Insttute of Technology.

a Reasons for supersymmetry breaking:

m There are no particles with the same mass as the electron
m Bosonic selectrons in atoms: fatal impact on chemistry
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A new symmetry? Let’s break it! KIT

a Reasons for supersymmetry breaking:

m There are no particles with the same mass as the electron
m Bosonic selectrons in atoms: fatal impact on chemistry

But why introduce it when it’s broken?

a Solution: Only break mass symmetry, but keep coupling symmetry intact
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A new symmetry? Let’s break it! KIT

a Reasons for supersymmetry breaking:

m There are no particles with the same mass as the electron
m Bosonic selectrons in atoms: fatal impact on chemistry

But why introduce it when it’s broken?

a Solution: Only break mass symmetry, but keep coupling symmetry intact

a l.e. standard model and SUSY particles have different masses, but their
fields transform under the same gauge symmetry with the same coupling
strength
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A new symmetry? Let’s break it! KIT

a Reasons for supersymmetry breaking:

m There are no particles with the same mass as the electron
m Bosonic selectrons in atoms: fatal impact on chemistry

But why introduce it when it’s broken?

a Solution: Only break mass symmetry, but keep coupling symmetry intact

a l.e. standard model and SUSY particles have different masses, but their
fields transform under the same gauge symmetry with the same coupling
strength

= Soft SUSY breaking
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Soft SUSY breaking T

m Parameterize SUSY breaking as additional terms in the Lagrangian:
~Lsot = Qi (M), Qu + Ui (MF) U + dy (M), I

+ AZHgeQuds + AYH,eQu i + h.c.

+ AH; Quds + APH; Qu iy + hec.

+ M2, | Ha[? + M3, |Hy|? + (BuHgeH, + h.c.)
3

1 < 1 -
T3 (MiAoPLXo + h.c.) + > (Mg ; NP + h.c_)

1 _
+5 (Msg?PLg* + h.c.)
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Higgs sector: THDM

a Extension of the SM Higgs sector — one additional Higgs doublet:

Hf H?
Ho=|" Hi=| ¢
u = N d = B
H° H;
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Higgs sector: THDM IT

Karlsruhe Institute of Technology.

a Extension of the SM Higgs sector — one additional Higgs doublet:

H, = Hi Hy = Hg
u— 1O ; d — H-
u d

a Type Il — each doublet couples to either up- or down-type quarks only
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Higgs sector: THDM IT

Karlsruhe Institute of Technology.

a Extension of the SM Higgs sector — one additional Higgs doublet:

HF H?
Ho=| “ |, Ha=| °
Hu Hd
a Type Il — each doublet couples to either up- or down-type quarks only
a Two vacuum expectation values (VEV) and their ratio tan 5:

[0 N %] Wy
(Hu) = , (Ha) = , tanf = —
Vy 0 Vd
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Higgs sector: THDM ﬂ(“

a Extension of the SM Higgs sector — one additional Higgs doublet:

H, = Hi Hy = Hg
u— 1O ; d — H-
u d

a Type Il — each doublet couples to either up- or down-type quarks only
a Two vacuum expectation values (VEV) and their ratio tan 5:

Vo V,
(H,) = , (Hg) = , tang = —
Vy 0 Vd
a Yukawa terms:
Ly =— Yf?éfLﬁH:; uip + Yf?OfLGH;de + h.c.

To get the fermion mass terms, replace H, 4 by its VEV
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Higgs sector: THDM ﬂ(“

a Extension of the SM Higgs sector — one additional Higgs doublet:

H, = Hi Hy = Hg
u— 1O ; d — H-
u d

a Type Il — each doublet couples to either up- or down-type quarks only
a Two vacuum expectation values (VEV) and their ratio tan 5:

Vo V,
(H,) = , (Hg) = , tang = —
Vy 0 Vd
a Yukawa terms:
Ly =— Yf?éfLﬁH:; uip + Yf?OfLGH;de + h.c.

To get the fermion mass terms, replace H, 4 by its VEV
= More physical fields than SM: h°, H°, A%, H+
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R-parity

Technology

a Discrete symmetry that distinguishes standard model particles from SUSY

particles:
R— (_1 )S(BfL)+25
Introduction Effective Two Higgs Doublet Model Chiral Enhancement Numerical Evaluation Backup
0000000008000 [e]e]e} 00000 000000000

Christoph Borschensky — Constraints on Dark Matter from Bs — 12 e~ in the MSSM with NMFV May 14,2012 12/32



R-parity

Technology

a Discrete symmetry that distinguishes standard model particles from SUSY
particles:

R = (_1 )S(BfL)+25

m Quarks, leptons, Higgs and gauge bosons: R = +1

m Squarks, sleptons, Higgsinos and gauginos: R = —1
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R-parity ﬂ(“

a Discrete symmetry that distinguishes standard model particles from SUSY
particles:

R— (_1 )3(BfL)+25

m Quarks, leptons, Higgs and gauge bosons: R = +1
m Squarks, sleptons, Higgsinos and gauginos: R = —1

a R-parity conservation in the MSSM has a lot of consequences:

a R-parity violating terms are forbidden in the Lagrangian: no (B — L)-violation,
no proton decay

m Standard model particles only decay into pairs of SUSY particles: distinct
signatures at collider data

m There is a lightest supersymmetric particle (LSP) at the end of each decay
chain of a SUSY particle
— dark matter candidate!
— seen as missing energy at colliders
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Constituents of the universe

Value
Baryon density Qp 0.044 £ 0.004
Dark matter density Q, 0.21 £0.02
Total matter density Qun 0.26 +£0.02
Dark energy density Qa 0.74 +0.03
Photon density Q, (4.8+0.4)-107°
Neutrino density Q, 0.0009 < Q, < 0.048

Total energy density of the universe Qo 1.006 £ 0.006
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Karlsruhe Institute of Technology.

Why dark? IT

a Rotation curves of galaxies indicate more than just the luminous matter

>
=
(9]
K=/
()
>
Distance
(source for pictures: Wikipedia)
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Why dark? A\KIT

a Rotation curves of galaxies indicate more than just the luminous matter

m Bullet Cluster

>
=
(9]
K=/
()
>
Distance
(source for pictures: Wikipedia)
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Why dark?
a Rotation curves of galaxies indicate more than just the luminous matter

a Bullet Cluster
a Gravitational lensing

>
=
(9]
K=/
()
>
Distance
(source for pictures: Wikipedia)
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Why dark?

Rotation curves of galaxies indicate more than just the luminous matter

a
a Bullet Cluster

a Gravitational lensing

a Cosmic microwave background (CMB)

>
=
(9]
K=/
()
>
Distance
(source for pictures: Wikipedia)
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Relic density A[{]]

a Short history on dark matter (DM):
1) After big bang, when universe is still hot, DM particles annihilate into lighter SM
particles and vice versa; equilibrium
2) Not enough thermal energy to produce DM particles, only process is DM
annihilation

3) DM freezes out when the expansion of the universe is fast enough
Y- 3
< %8:325 E
- i i &
E %872 ;( mcrca31ng1;
E 107 F :
5 1078 & |
2 107° g
210
= 10712 Ngo
o 10-13
£ 1010 Dol ol vond®
S 1 10! 1(32 103
m/T ime—=>
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Relic density

a Short history on dark matter (DM):
1) After big bang, when universe is still hot, DM particles annihilate into lighter SM
particles and vice versa; equilibrium
2) Not enough thermal energy to produce DM particles, only process is DM
annihilation
3) DM freezes out when the expansion of the universe is fast enough

a Today’s amount of dark matter strongly depends on annihilation mechanism

z Loe v oo e

g 1(())>12; 1

3 %8:325 E

E i i &

; 10 5 ;( mcrcasmgi

E %8:: e <ov> -

3 10%F

S 107 g

w 10710 b

S 1071 g

5 10712 g Ny

9 10-13 & ~

£ 10-14 Bl il 00l

S 1 10! 102 103

time—=> X
m/T (source: http://ned.ipac.caltech.edu/)
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Relic density

a Short history on dark matter (DM):
1) After big bang, when universe is still hot, DM particles annihilate into lighter SM
particles and vice versa; equilibrium
2) Not enough thermal energy to produce DM particles, only process is DM
annihilation
3) DM freezes out when the expansion of the universe is fast enough

a Today’s amount of dark matter strongly depends on annihilation mechanism
z o I ey
% %87; £ increasing
2 10 & <ov>
£ 107 F E
5 1078 E
2 1070 &
ap 10710 -
SI8RE N
B
£ 10-14 Evrnl bl ol
8 1100 102 100
m/T (source: http://ned.ipac.caltech.edu/)
a Relic density approximation for a radiation dominated universe:
1010 _
QP ~ GeV~?
(ov)
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Effective couplings (1) A[{]]

Karlsruhe Institute of Technology.

a Additional holomorphic and non-holomorphic couplings to tree level
THDM couplings of type Il
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Effective couplings (1) ﬂ(“

a Additional holomorphic and non-holomorphic couplings to tree level
THDM couplings of type Il

.With€12:1,
oo HEY H* cos 3
Clke vy + == (H°sina + h° cos a + iA° cos 3)
u u V2
0 1 0 _ RO i in0 o
Hy — Ha | _ [ve+ \/é(H cos o — hl sina + iA% sin 3)
Hy H~ sing

= LY D Qu [(Y704 + Ef) eHy — EffHy] din + h.c.
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Effective couplings (2) A[{]]

Karlsruhe Institute of Technology.

= Extract down part (since we are interested in an effective b-s-HY coupling):

LY > —dy [(YP65 + Ef) HY* + E{fH)] dis + h.c.
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Effective couplings (2) A[{]]

Karlsruhe Institute of Technology.

= Extract down part (since we are interested in an effective b-s-HY coupling):

LY > —dy [(YP65 + Ef) HY* + E{fH)] dis + h.c.

— Mass terms non-diagonal! Effective contributions render the couplings
flavor-changing
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Effective couplings (2) A[{]]

Karlsruhe Institute of Technology.

= Extract down part (since we are interested in an effective b-s-HY coupling):

LY > —dy [(YP65 + Ef) HY* + E{fH)] dis + h.c.

— Mass terms non-diagonal! Effective contributions render the couplings
flavor-changing
— Rotate the quark fields back into physical basis with a rotation in flavor

space:
d d d /d
mi = [(Yfdi + Ef) + Ef’ tan 8] vq
d __ dLx d 1 dR
mgg — Mg05 = U™ migUj
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Effective couplings (3)

m,

V:i 5f,'Ck -+ E;Iddk] Hl?d,,q + h.c.

a ﬁ?/ff D) *afL [

m mn~nj »

with HY = (H°, W%, A°),, E}¢ = UZ E}%,USF, and

cos « sin(a — 3)
1
ek =—=| —sina | , dk=—=——cos(a—p)
V2 V2cos 3
—isin i
6 k k
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Effective couplings (3)

Vd

L8 D —dy [md’ dfick + E,f,ddk} Hdig + h.c.

with HY = (H°, W%, A°),, E}¢ = UZ E}%,USF, and

mf —mn~nj >

cos « sin(a — 3)
ek =—=| —sin y Ok = ———— | cos(a —
T2 @ g V2cos 3 (@ =5)

—isinf . i .

Karlsruhe Institute of Technology.

m Perturbative diagonalization: U and U% have small off-diagonal entries,

can be expressed through effective couplings, e.g.

1d (Fd 1d
£ ~ o E33 (Egsva + Ex3vy)
23 ~ Ep3 —

Mg,
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Chirally enhanced self energies

m Given as:

Y9 = p():dLL(p )PL + T9RR(p?)P, ) + YIRL(p?) Py + TR (p?) P

W|th T AL (p?) = ng* (P)
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Chirally enhanced self energies AT

Karlsruhe Insttute of Technology.

a Given as:
Y9 = p():dLL(p )P, dHR(p )P, ) + YIRL(p?) Py + TR (p?) P
W|th YR (p?) = zdLFf*( 2)

a In order to get the chirally enhanced parts, it is enough to evaluate the self
energies at vanishing external momentum
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E.g.: gluino contribution AT

Karlsruhe Institute of Technology.

2a
dLA, "
yahRo _ 2 3. M E oLy 3R+ g Bo(m5, m )

m The mixing matrices W9 depend on the squark matrix elements, in the
decoupling limit (Msysy > v) to only one power of the matrix element

i

dfr dir

/
L ~R
qa % ~X- }qa,
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E.g.: gluino contribution AT

Karlsruhe Institute of Technology.

2a
dLA, "
yahRo _ 2 3. M E oLy 3R+ g Bo(m5, m )

m The mixing matrices W9 depend on the squark matrix elements, in the
decoupling limit (Msysy > v) to only one power of the matrix element

Ak

dfr dir
/
~L ~R
Qb * \X/ }q(l,
— Mass insertion in squark line with the corresponding flavor changing matrix
element
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Gluino contribution, decoupling limit

a With

(ME/JZ AGLR
AdAL (Mi’m)z

M

2
a

zdLRg (dec.) 2Oés Z Z W L*Ad LRy de*

3
a,b=11,m=1
><Co(m mdL,de)

a The chirality-changing matrix element is given as
d,LR
A = VoA — v 25y
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Effective couplings in the MSSM AT

dj——<—@——; dj——<—@——;
1 1
1 1
1 1
1 1
1 1
Hy H,

® Replace E9 and E’? with contributions from ¥9-:9:

Ed _ 1 ZdLH Eld _ 1 ZdLH
i = T &fiA i = i
Va Vu
Introduction Effective Two Higgs Doublet Model Chiral Enhancement Numerical Evaluation Backup
0000000000000 [e]e]e} [e]e]e] Jo} 000000000

Christoph Borschensky — Constraints on Dark Matter from Bs — 12 e~ in the MSSM with NMFV May 14,2012 22/32



Effective couplings in the MSSM AT

dj——<—@——; dj——<—@——;
1 1
1 1
1 1
1 1
1 1
Hy H,

® Replace E9 and E’? with contributions from ¥9-:9:

1 1
EY — —ydR ElY — _ydR
fi Vy fi As fi v, fi p
a Write down new effective coupling:
[HoLR 1 [ dm 5 d§-dLA T, 5 d [ yaLr X SR
k> — —
o= | Xk Mg Ot + Y 2fi | = | Xk Mg0fi + Y i T T i
did; vy kM k &fi vy | M k fi me fi
with
X = (—cosa,sina,isinB),, y (sm( — B),cos(a — f3), )
k — \/E «, a, k> yk - \/‘ «@ 'y 'k
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Wilson coefficients

5 I
b 1z
S 1%
RO, HO, A
b I
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Wilson coefficients

a Effective coupling with the Wilson coefficients as the coupling strength:

S 12
b 1
a From leading contribution
S o
K, HY A°
b 1
the scalar and pseudoscalar Wilson coefficients can be calculated:
2 dLR
_ . _  2mmytan 154 SR _ X33, sdR
Cs = —Cp = M2 *\/ 23 23
ampliy, Vig Vip my
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Input

= Relic density: Q, h? o< 1/(ov) o« My /tan?3 ¢ b
m Parameterization of the NMFV sources in A;”LH:

d,LR
Ai/

() (),

a High tan 8 = 50 — Higgs funnel region

Input parameters

m Higgs mass for h°: 115.5 GeV [ATLAS; arXiv:1202.1408]

a Top pole mass: 172.9 GeV [PDG ’11]

® BR(B; — utp~) < 1.1 x 1078 [CMS; arXiv:1201.4257]

a Relic density: 0,0997 < QXh2 < 0,1221 [WMAP 7-year-data]

d,LR _
P =
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Dependence on 55" (1)

Mo [GeV]

850

845

840

835

830

825

Input:
mo = 780 GeV, my ;, = 910 GeV, tan 3 = 50 GeV, sign() > 0, Ay = 0 GeV

Introduction

0000000000000

BR(Bs — u*u7)

0.0004 0.0006

LR
L)

Effective Two Higgs Doublet Model

[e]e]e}

0.0008

0.001

1.20e-8

1.15e-8

1.10e-8

1.05e-8

1.00e-8

9.5e-9

9.0e-9
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Dependence on 55" (2)

}zmrn - MA:{ Mo
°
5
\
\
\

0.04 L

0.0004

LR
o8

0 0.0002 0.0006 0.0008

Input:

myo [GeV]

0.0C

389

388.8

388.6

388.4

388.2

[ ¢

Karlsruhe Institute of Technology.

0.0002 0.0004 0.0006 0.0008 0.0C

SLR
o8

mo = 780 GeV, my;, = 910 GeV, tan 3 = 50 GeV, sign(yz) > 0, Ay = 0 GeV
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Dependence on 5§’éLF' (3) A ¢

Karlsruhe Institute of Technology.

. . . . 1.4e-8 . T .
1.3e-8
1.2e-8
X lle-8f-
&~ ES
3 T 1oes
a é .Oe-i
o
@ 9e-9
8e-9
7e-9
0.08 . . . . . . .
0 0.0002 0.0004 0.0006 0.0008 0.001 750 800 850 900 9t
o My [GeV]
Input:

mo = 780 GeV, my , = 910 GeV, tan 3 = 50 GeV, sign() > 0, Ay = 0 GeV
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A, = 0 GeV, tan 5 = 50, sign(u) > 0

Karlsruhe Institute of Technology

my [Gev]
m [Gev]

0O 200 400 600 800 1000 1200 1400 1600 1800

0 200 400 600 800 1000 1200 1400 1600 1800
myz [GeV]

myz [GeV]
5%t =0 6% = 0.0005

o =) = E E DAl
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A, = 1000 GeV, tan 5 = 50, sign(x) > 0

Karlsruhe Institute of Technology

my [Gev]
m [Gev]

200 400 600 800 1000 1200 1400 1600 1800

0 200 400 600 800 1000 1200 1400 1600 1800
myz [GeV]

myz [GeV]
5%t =0 %t — 0.0005

] = =

DA
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A, = —1000 GeV, tan 5 = 50, sign(x) > 0

Karlsruhe Institute of Technology

< =

g 8

£ £

0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
my, [GeV] my> [GeV]
o = d5"7 = 0.0005
=} =) = E E DA
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Conclusion

a My has strong dependence on 5;’;”

— effect on relic density and branching ratio
— correlation between the two
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Conclusion

a My has strong dependence on 5;’;”

— effect on relic density and branching ratio
— correlation between the two

a Big excluded region due to Higgs mass
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Conclusion AN{]]

Karlsruhe Insttute of Technology.

a My has strong dependence on 5;’;”

— effect on relic density and branching ratio
— correlation between the two

a Big excluded region due to Higgs mass

® Bs — putp~ limits the little parameter space that is left for the funnel region
— even less space available with high 5;’;’*
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Conclusion AT

Karlsruhe Institute of Technology.

a My has strong dependence on 5;’;”

— effect on relic density and branching ratio
— correlation between the two

a Big excluded region due to Higgs mass

® Bs — putp~ limits the little parameter space that is left for the funnel region
— even less space available with high 5;’;’*

m Most parameter space available in the Higgs funnel region for high positive
Ao, fewest parameter space available for high negative Ay
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Conclusion AT

Karlsruhe Institute of Technology.

® My has strong dependence on 5d LR

— effect on relic density and branchlng ratio
— correlation between the two

a Big excluded region due to Higgs mass

® B; — ptu limits the little parameter space that is left for the funnel region
— even less space available with high 5" LA

m Most parameter space available in the Higgs funnel region for high positive
Ao, fewest parameter space available for high negative Ay

LR
a No visible change in the excluded region from Higgs mass for different 6d
LR
— Mo does not depend on 5d
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Outlook

a There is a need to include other rare processes such as b — sy and
Bs — Bs (more sensitive to 5d LR?)
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Outlook AT

Karlsruhe Insttute of Technology.

a There is a need to include other rare processes such as b — sy and
Bs — Bs (more sensitive to 5d LR?)

a Find an underlying theory to account for the size of 6" LR
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Outlook AT

Karlsruhe Institute of Technology.

a There is a need to include other rare processes such as b — sy and
Bs — Bs (more sensitive to 5d LR?)

a Find an underlying theory to account for the size of 6" LR
a Check A@ and A’V contributions as well
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[ ¢

Karlsruhe Institute of Technology.

Backup
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Perturbative diagonalization (1) A

Karlsruhe Institute of Technology.

d rd d rd
1 ELva+Epw Efsva+E vy
ITI,:,2 mda
d* 1d* d rd
Ut — | _ExvatEp v 1 EggVat+Epg Vu
ITI,_-,2 mda
d* 1d* d* 1d %
_EsgvetEs v EpvetEytw 1
IT],;/3 IT1,;/3
* 1d* d* 7d*
1 E va+E " vy Egy Va+E{ " vy
mdz mds
d rd d* 1d*
UdR — _ Ejiva+Ex v 1 Egp Va+Ezpy vy
mdz I'nd3
d 7d d 7d
_ EgotEsivu  _ EgpVetEp v 1
mds mda
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Perturbative diagonalization (2)

£rd _ g gdls =/d g dR
Eﬁ - ka Ekl U/i

~ d
NEﬁ -

Introduction
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/d (d rd 1d ( d /d
0 Ezz(E12Vd+E12 VU) Esa(Ewavd""EanU)
Mg, mg.
1d ((d rd 1d ( Ed /d
Es (Ezw vo+Ey; VU) 0 Egs (E23 Va+Ez; VU)
mdz n’]d3
1d( gd 1d 1d ( d rd
Eg (an Va+Egy VU) Egs (Esz Va+Egp VU) 0
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Neutralino, Chargino

N yd) 6 2 3
dLR, X __ i * N/ UL | p/GL*
Xy ~ T qn2 E E E mikiuﬂ Vor Vi [ — Vit Wp, VVja
a=1 k=1 j,n=1
u(0) UR g 0L*
+ Y Ve W W
2
X Bo(mfzi,mua)
K
0 1 : ty (1
dLR,X" _ 2 tw dL 4/dR*
Xy BT E E My |%3 (32k1 ty — Zk2> Zin Wi Wy
a=1 k=1

Ja0), V2 AR /3R
+ 92 Y; fw?zm ZisWy" Wy,

Y'd(o) dLyp/dL

i *
+ 0 =Zity — Zko | ZxaWig Wy,

V2 \3

d(0) 1,d(0) >2 14/dR p/dL* 2 2
Y Y 2 W W BO(m;(gv m&’a)
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Branching ratio of B; — ut

2 2 2
BR(BS_)M+M*): G’:ai,\/%| ;;th|2 _4% 1 _@ ‘FS‘Z
167 M2, M2,
+ ‘FP + 2m,LFA\2
with the form factors
i
Fa= _EfBSCA7
i 2
Fs= _EfBSMBSmbC&
i 2
FP = 7§fBSMBSmbCP.
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A, = 0 GeV, tan 5 = 45, sign(p) > 0

Karlsruhe Institute of Technology

2000 [
1800 |
1600 |
1400 |
3 1200 |
£ 1000
800
600
400 =
200 400 600 800 1000 1200 1400 1600 1800
myz [GeV]
0% = 0.0005
o T = = E Dar
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