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Flavour problem of New Physics
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£ = Laauge + Liiggs + Z5—0;" + ..

e SM as effective theory valid up to cut-off scale Ayp

e Typical example: K9 — K9-mixing ©° = (5d)<:

SM M2, x (5d)2 + New INZp x (5d)2 = Anp > 10* TeV

(tree-level, generic new physics)

e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions) = Ayp £ 1TeV

e EW precision data «— little hierarchy problem = Anp ~ 3 — 10TeV

Possible New Physics at the TeV scale has to have
a nongeneric flavour structure
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Interplay of high-p, and flavour physics

® Dynamics of flavour «— mechanism of SUSY breaking
(BR(b — sv) = 0 in exact supersymmetry)

= Discrimination between various SUSY-breaking mechanism
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e Can we ignore flavour when analysing possible
new physics at the electroweak scale?

Correlations between flavour and high-pr physics via squark mixing

e In the unconstrained MSSM new contributions to flavour violation

— CKMe-induced contributions from H7T, yvT exchanges

— flavour mixing in the sfermion mass matrix

e Possible disalignement of quarks and squarks

e Squark decays: . - 0
i — wiXy X di— diXe uiXy

with:=1,..,6, 7=1.2,3, k=1....4and =1, 2.
e | hese tree decays are governed by the same mixing matrices as the

contributions to flavour violating low-energy observables
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Squark and gluino decays
e my; >m; (@q=d,u;i=1,...,6) the gluino will mainly decay according to
g—d; &1 g = U U
followed by squark decays into neutralino and charginos
i — wiXp, i, di — Xy, wxg
or into gauge- and Higgs bosons if kinematically allowed
iy — Zig, HY%y, WHd;, HYd;;  d; — Zdy, Hdy, W™ay, H wy

Due to left-right squark mixing

flavour changing neutral decays into Z-bosons at tree-level

e my; < mg the squarks decay mainly into a gluino
Ui — ;4 *‘3?1 — d;g
the gluino decays into charginos and neutralinos

via three-body decays and loop-induced two-body decays
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Squark mixing
Squark mass matrices (f = u, d):

M2 = M? 11 +F.FLL + Drrx M3 1r + Fyir
f= :

In the super—CKM basis F- and D-terms are flavour diagonal:

D = (Ta;—epsin? by ) cos(28)m% ,  Djrr = e; sin® fy cos(28)m%

Firrii = Frrrag = m20;; «  Fyrrg = —pmdg(tan 3) =251

All flavour violation beyond the CKM in the soft SUSY breaking terms:

Miy = VCTHM*'UE,LL Voknr = ﬁ’*‘f@ =V] m.j‘
M2pp = mi=Ulm¥ U, M2 =2 = Ul m2T U,
Mg = vw/V2Tp=uv/V2U TSV, , M2 = w/V2Ty = w/V2ULTEV,

Observables as functions of the normalized off-diagonal elements:

(M3 LL)is : (M7 gr)ii .
OLLi = ;g -, Of RRij = :ng =, (i # J)
q f
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Experimental and theoretical constraints
e VVacuum stability constraints

e Electroweak precision data: my,, p parameter

e Squark Tevatron bounds

e Bounds from flavour observables:

¢ Data from A and 5, physics strongly constrain new sources
of flavour violation in s — d and b — d sector

¢ Possibility of sizable new contributions to b — s remains open.
e [n SUSY- GUTs the large mixing angle in the neutrino sector

relates to large mixing in the right-handed b-s sector

2.67 < Br(B — X,v) x 104 < 4.29

13.5 < AMpg, ps < 21.1

1.05 < BR(B — XMl )|y, ¥ 10° <215
BR(B, — ptp~) x 10° < 5.8
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Strategy:

e [ake susy benchmark points: SPS1a’,v, and I”

e Vary flavour nondiagonal parameters
(off-diagonal squark mass entries)
e Use all experimental and theoretical bounds

= Bounds on 4 parameters

SPS1a’ - I
Srpon | (-0.05,0.03) | (-0.037,0.005) | (-0.06,0.001)
Sinnos | (-0.43,0.66) (-0.29,048) | (-0.5,0.45)

5y RR.93 (-0.7.0.7) (-0.54,0.43) | (-0.55,0.45)
Surnos | (-0.16,0.08) (-0.16,0.06) | (-0.35.0.05)
Surna | (-0.7,0.54) (-0.5,0.2) (-0.7,0.27)

Si1mos | (-0.0047,0.0046) | (-0.006,0.001) | (-0.01,0.0015)
Sarma | (-0.019,0.02) | (-0.015,0.015) | (-0.004,0.003)

Assumption used that only one Havour-mixing parameter 1s present (regions 95% CL.)
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Allowed regions for SPS1a’
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in the 0p Lr23-0p LRr.32 plane
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Typical results for squark and gluino decays

decaying final states and corresponding branching ratios in Y for
particle . épp.23 = 0.01,0p rR2a = 0.1 II. dpp.23 = 0.04, 6p rR2s = 0.45
d, — b, 4.4 9%, 29.8 | ¥it. 37.0 s, 36.8 | %, 42.2 | %, 10.9
I: br(bg) i W=, 27.7 Vit, 9.6
dy — s, 8.0 9, 6.4 | 9, 19.0 Vb, 2.1 | 9, 273 | iit, 34.6
I: bp(br, 5R) b, L1 9%, 18| wit. 246 | a0y, 33.2
i W=, 38.9
dy — Wis, 0.1 9h. 6.3 9s, 25.3 Vid, 23| x8d, 31.7 | yyu., 59.7
I: 5p(30.bR) TTu, 2.1 | W7e, 473 | W, 4.8 Tre. 3.0 wpu., 2.3
ds — 0d, 2.3 | 10, 31.7 | ¥yu. 59.9 s, 22| s, 307 tywm, 29
I: t'fL Yi1¢, 2.8 you, 2.3 Y1c, A8.5 YzC, 2.3
dg — %, 3.1 W0s, 306 | fyu. 27 s, 19.7 | 9%, 18.8 [ 9, 2.9
I: 5.(5R) Tie, 581 vae, 24 9%, 29| zt. 5.8 is, 2.2
gh, 39.8 | @yW—, 5.5
q— qt, 19.2 o, 8.2 tgtl . 8.3 uqgt, 13.5 taC, D.8 g, H.8
tqtt, 4.2 e, 4.2 g, 2.6 g, 2.6
dis, 14| dib, 206 dis, 21.1 | dib, 22.7
dys. 6.3 dob, 9.0 | dsd, 8.3 dob, 14.0 dad . 5.9
dys, 2.3 | db, 1.3 dgs, 2.8 dyd, 2.3 dsd, 3.3

- - - s - — — -
== e

II: i'?l o EJH.QHH?L]. dg == 5g.br(br), ds =~ by, da =~ i'?R. EL o~ EEL and ds ~ s,



Squark masses in GeV for SPS1a’ and the two points I and 11

fi'-i'a'll 'r”.:ii-, 'r”r.',l-lg fi'?a'nd 'r”-::':.; Hi'q'uﬁ Hi'ﬂi Hi'{éf_-} Hi'ﬁ__t

—

)

P
=4

SPSla’ 506 54E:'n 547 | 547 | 570 | 570 || 367 | 547 | 565 | 586
[ opp23 = 0.01,04rR23 = 0.1 || 503 | 525 | 547 | 569 | 570 | 570 || 366 | 547 | 565 | 586
II. pp 23 = 0.04, dg rroa = 0.45 || 422 | 509 | 547 [ 570 | 572 | 641 || 366 | 547 | 565 | 587

Note that mg, >~ mg, and mg, = mg,

Composition of a) d;—; and b) d;—» as a function of 44 gr 23
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Impact on LHC and ILC

Flavour tagging at LHC important, but difficult
T his can complicate determination of sparticle masses:

q — bgj - bB}E’Eﬂ

10* d(BR(§ — bby?)/dimg, 10* d(BR(& — bs¥Y)/dmps
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Conclusions

e Flavour-violating squark and gluino decays can be typically of order of 10%,

- consistent with the present flavour data.

- common feature for a couple of SUSY benchmark points like SPS1a’,~, and I”

- even 40% possible for large new physies contributions

e Impact on the discovery strategies at the LHC
- flavour tagging at LHC important but difficult

- detailed Monte-Carlo analysis of differential distributions needed

e Additional information from flavour factories or ILC will be necessary to
interpret LHC data properly
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Flavour@high-pr
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Immense potential for synergy and complementarity between
high-pr and flavour physics within the search for new physics

T he indirect information will be most valuable when the general
nature of new physics will be identified in the direct search.
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