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SUSY-breaking

@ Unconstrained MSSM: intergenerational mixing, complex phases
— huge number of new free parameters.

@ Constrained MSSM: assumptions — less parameters.

¢ No new source of CP-violation

— only real parameters.
¢ No intergenerational mixing in sfermion sector

— no FCNC at tree-level.
© Masses of 1% and 2°¢ fermion generation neglected to simplify

— Sfermion universality at low energy for light flavours.

= 22 new free parameters.
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Minimal supergravity (mSUGRA)

@ SUSY-breaking through gravitational-strength interactions.
@ Boundary conditions at the GUT scale:
¢ Universal gaugino mass my ;.
¢ Universal scalar mass my.
< Universal trilinear coupling Ag.
= Four new free parameters (my /2, mg, Ao, tan 3) and a sign (y).
@ Strongly constrained:

¢ Electroweak precision measurements.
¢ Direct searches.
¢ Dark matter searches.

= Maybe too strong restrictions on the parameter space?
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Sources of flavour-violation in the MSSM

@ Diagonalization of the quark mass matrices.

¢ Rotation from the interaction- to the mass-eigenstate basis.
& Misalignment between up- and down-type rotations.
— parameterized by the CKM matrix.

@ Diagonalization of the squark mass matrices.

& Misalignment between the quark and squark sector.
& CKM rotations not sufficient.
¢ Additional rotations needed.

@ Possible flavour-violation in the slepton sector not considered
(stringently constrained by u — ~ve, 7 — ve, T — ypu).
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The Super-CKM basis (1)

Diagonalization of the quark sector

¢ Rotation of the up-type (down-type) quark fields from the
interaction-eigenstate basis U; g (Dr,gr) to the mass-eigenstate basis

U?,R (DE,R):

U =Vviu, , DY = V7 Dy,
U = VA Ur and D% = Vg Dg.

© Squark interaction-eigenstates (U g, Dy r) are rotated parallel to
the quarks fields:

UL VL UL 5 D[_ - VL DL7

= Super-CKM basis (UP, U}, D?, D, DE, D,%, 52, 52,, ).

Benjamin Fuks (LPSC Grenoble) RPP 2007 - March 2, 2007 - LPSC Grenoble



NMFV
00®00000

The Super-CKM basis (2)

@ The squark fields are not the physical eigenstates.

@ The squark mass matrices are not flavour-diagonal.

@ Very useful basis: the charged current interactions couple with a
strength given by the CKM matrix

Vud Vus Vub
V = Vlfl VLd t = Vcd Vcs Vcb
Vie Vis Vo

Examples: W*qq', H qq', Xq4q', ...
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The squark mass matrices (1)

@ In the Super-CKM basis, the up-type squark mass matrix is given by

MEL,u AT Aff my MRy Al Afk
87 M. ol |Tag T momec

M2 = LL bCL LuLt,t 2RL L.‘I?CL me anR’t
v My MRL,u RL ARy MgR.u RR ARr
Afg memere AR ARg Mfz?R,c ARg
Al Al memeee | Agg ARr Mg ¢

@ In the MSSM with MFV:

o The 1%% and 2°¢ generation flavour-conserving off-diagonal entries
are neglected (my, ; — 0).

¢ The flavour-violating off-diagonal entries are not considered
(A —0).

¢ Diagonalization performed with only one angle, 6;.

& Same pattern for down-type squarks.
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The squark mass matrices (2)

@ In the Super-CKM basis, the up-type squark mass matrix is given by

I O A

LL LLc LL B memirce  Afp
M2 = AZUL AECCL MEuLtt AflL A:RZL my mufR,t

u my MR,y RL ARt Mzg 4 RR ARr

Afg memere AR ARg M.‘z?R,c ARg

Aﬂ? AZCR m MRL ¢ AFQUR AE?CR MI2?R,t

@ In the MSSM with NMFV:

<& All entries are kept.
¢ Diagonalization is performed through a 6 x 6 rotation matrix R"

diag(m%l, cey m%ﬁ) =RY M% RY

& Same pattern for down-type squarks.
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Mass eigenstates

@ Each mass eigenstate contents all flavours and both chiralities

in iy le dL
i & > 5L
Uy | _pul tt and G| _pe|be
Uy Uur d4 dR
ES ER 85 §R
Ug ER 86 ER

@ The masses are ordered as

mg, < ...< Mg

m31<...<m36
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Constraints and simplifications

@ The scaling of the A terms with the SUSY-breaking scale implies
the hierarchy
A > ArrL > Agr

[Hikasa, Kobayashi (1987); Gabbiani, Masiero (1989); Brax, Savoy (1995)]

@ Mixing of the first generation to any other:

& Expected to be suppressed
> small Yukawa couplings involved.
¢ Stringently constrained experimentally

> K% — K° and D° — D° precision measurements.

=- Simplifications:
Al = A =AMy My , A =Af =AMy s M,

and the other A — 0.
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NMFV in mSUGRA

@ GUT scale:

¢ Four free parameters (my >, mo, Ao, tan ) and a sign (u).
¢ Evolution down to electroweak scale: SPheno 2.2.3. [Porod (2005)]

@ Electroweak scale:

¢ Generalization of the squark mass matrices: one additional free
parameter ().
& SUSY spectrum: FeynHiggs 2.5.1. [Heinemeyer et al. (2006)]

@ Constraints:

& EW constraints: FeynHiggs 2.5.1.
¢ Dark matter: DarkSUSY 4.1. [Gondolo et al. (2004)]
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Constraints on flavour-violation

@ b— sy
> BR(b — sv) = (3.55 + 0.26) x 10™* [Barbiero et al. (2006)]
> NMFV contributes at one-loop level (same as SM).

o Ap:
> Ap = P — Ha = 000102 £ 0.00086 P0G (2006)
(fits of EW parameters).
> Sensitive to squark mass splitting within isospin doublets.|veltman (1977)]

> Influence on my and sin® Oy .

Q® au:
> a, = (224 10) x 107 [ppc (2006) (BNL data vs SM).
> Squarks contribute at the two-loop level.
@ LSP:
> Color singlet and electrically neutral. [Elis et al. (1984)]
QCDM h22
> 0.094 < QCDM h2 < 0.136 [Hamann, Hannestad, Sloth, Wong (2007)]
(WMAP, SDSS, SNLS, Baryon Acoustic Oscillations).
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Benchmark

tan 3 =10, > 0,A) = 0 GeV (1)

Ay=0, tanB=10, >0, A=0 A,=0, tan =10, j1>0, \=0.03 A,=0, tan =10, >0, A=0.05 A,=0, tan =10, i>0, A=0.1

[ [ [

[

E E

s o0 0 o
my, [Gev] m,, [GeV]

@ Region favoured by a,, @20 (grey):
> Dominated by slepton-loops.
> Squarks contribute at two-loops.

@ Region excluded by b — sy @20 (blue):
> Very sensitive to .
> Same level as SM.
@ Region excluded by Ap @20
> Parameter space constrained outside the regions shown
(high masses).
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Benchmark

tan 3 =10, > 0,A) = 0 GeV (2)

A=0, tan B=10, 11>0, A=0 A,=0,tan B=10, 1>0,A=0.03 A,=0,tan =10, j>0,A=0.05 A,=0,tanB=10,1>0,A=0.1

[

/ [ |

E 000 50 00 50 o0 50 0
my, (Gev] My, [GeV] my, (Gev] My, [GeV]

@ Charged LSP (beige):

@ Regions favoured by Qcpy (black):
> 1. Coannihilation between the LSP and the NLSP.
> 2. Focus point-like region (LSP with sizeable Higgsino component).
> Not really sensitive to .
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Benchmark

tan 3 =10, > 0, Ay = 0 GeV (3)

Ag=0, tanB=10, 11>0, A=0 A,=0,tan B=10, 1>0,A=0.03 A=0,tanB=10, >0, A=0.05 A,=0,tanB=10, 1>0,A=0.1

0w ; 0 o E £ o ; 0 o
my, (Gev] m,, [GeV] my, [Gev] m,, [GeV]

@ Proposal of a benchmark point:

[ mo [GeV]  myjp [GeV] Ag [GeV] tanf3  sign(u) |
[ 100 400 0 10 + ]

> LSP and NLSP almost mass degenerate.
— Coannihilation region.

> Light sleptons and gauginos.

> Rather light squarks and gluino.
— Collider friendly.
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Benchmark
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Heavy flavour content

@ The chirality and (heavy) flavour decomposition:
> Mostly smooth changes.

> Sometimes dramatically (mass flips).
> Large mixing between 2"¢ and 3" generation, even for small ).
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Benchmark

°
st
b-sy ap &
6 o0
ol
sk
e ol
K &
g § oo = 2
g E o m
870 -
0l
s
B | | oo | | | | P e n n n
T R R T o o s
A A A
2
Qo
| | | |
9T o o 1

@ b — sy and Ap very sensitive on A.

@ a, not sensitive on \.

@ Qcpu falls at large A (very light squarks).
@ Allowed region: close to MFV.
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Processes

@ Studied (partonic) processes :

3 (1) 3 (p2),
an, (Pa) bi,(Ps)  — “’)( )& (pa),

( G Op) GV (p2),
@ Hadronic cross section (QCD factorlzatlon theorem)

1 1
Z/ dx, // Axp a1, (Xas L) To/ b, (Xbs 1F)
ab’T T/Xa

R M2 M?
X Gan(z, M as(UR), —» —5)
F Hr

D> Partonic cross sections taken at leading order in as.
> PDFs: MRST 2001 LO.
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(Some) NMFV couplings (1)

@ Recall:
171 aL E’ll dL
i o C~7'2 5L
i t d b
Us | _pul b and a3 | _ pd | oL
iig iR ds dr
Us §R d5 §R
Ue tr de br

@ squark-squark-gauge boson:

3
{Lagz, Ragz} = (2T —2e5xw)x > {Rik R, Riginy Risin b
k=1
3
{La,-a,-W7 Ra,-ajw} = Z {\ﬁCW Viyd, Ri Rf/j*a 0},
Ki=1

> NMFV contributions.
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Cross sections
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Squark-antisquark pair production at the LHC (1)

pp aﬁi’d"j+c.c.
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@ Only heavy flavours production is considered.
@ The three diagrams contribute (only one dominant for MFV).
@ Very sensitive to NMFV.
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Squark-antisquark pair production at the LHC (2)

pp aﬁiﬁl*+c.c. ppﬂaia*+c.c.
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@ Diagonal production dominates (QCD diagrams).
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Squark-pair production at the LHC

pp ﬁalaj+c.c.

o [fb]

A
[ [ o,
BESIE FRE =T
W R g - s i g
q q q L
@ Higher cross sections, due to new opened channels.

@ Gluino diagrams dominate.
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Cross sections
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Associated squark-neutralino production at the LHC

ppﬁgaj+c_c_ 1w : 1w L

10

o [fb]

01 Lo
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Gaugino-pair production at the LHC

pp a%ﬂ&c.c.

1000 ¢
XX
100 =
_ EXax: Xi
o) [ e i %
= L 7 “ q ‘ q & x
o L 7 G dr i
% - X
T VZW d ! % ! g
= q A% e
10 ;x?x‘z’ 1 7 7
T S T S R

0 0.02 004 ) 006 0.08 0.1

@ Z and ~y diagrams dominate.

@ NMFV-sensitive t- and u-channels negligible.
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Other scenarios

@ Three other benchmark points

[ mo [GeV]  myjp [GeV] Ag [GeV] tanf3  sign(u) |

700 200 0 10 +
230 590 0 30 +
600 700 0 50 +

@ Heavier squarks (bigger mo and/or my ).

@ Results:
> Scenario 1: Reduced sensitivity to NMFV.
> Scenario 2: Quite sensitive to NMFV, and lower cross sections.
> Scenario 3: Visible cross sections not sensitive to NMFV.
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Summary

Summary

@ Scan of the mSUGRA parameter space:
>> Search for regions allowed by EW and dark matter constraints.
> Benchmark points proposals.
> Study of flavour and chirality content.

@ Cross sections for :

q,‘ >( 1) 8 (p2),
an, (pa) by (Pb)  — O(p1) 3 (p2),
~*“’( 1) f“’)(m)

@ Perspectives:
> Public code for the LO cross sections.
> Studies of new benchmark points: MSSM with NMFV, higher
number of NMFV parameters,...
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