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FLAVOR
at the TERASCALE

Gudrun Hiller, Dortmund




Particle Physics Scales
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Terascale Physics
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The Flavor of Matter

Known fundamental matter comes in generations ¢ — ;, i = 1, 2, 3.
U C t
quarks: : :
U, Vy U,
leptons: : :
e ! T

SUB)e x SUR2), xU(l)y — SUB)e X U(1)em

The gauge interactions are generation independent.




Quark Spectrum
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hierarchical! Spectrum spans five orders of magnitude.
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Flavor Mixing

Quarks mix and change flavor in weak interaction:

(Vud Vus Vub\
Vexkm = | Vg Ves Vi

\V;td Vis V%b)

(1 x

A1
\AS A2

A

)\2

L)

P13 ~ A3 K Pog ~m N L ¥~ AL 1

hierachical!

Large mixing angles for leptons (PMNS-Matrix):

1923 ~ 450, 1912 ~ 350, 1913 5 0(100>




CP is violated!.. together with Quark Flavor

Quark mixing matrix has a physical CP violating phase dcx .
(with 3 generations)

Kobayashi and Maskawa, Prog.Theor.Phys 49 (1973) 652




Nobelprize in Physics 2008

0

Al ;’ The Nobel Prize in Physics 2008

"for the discovery of "for the discovery of the origin of the
the mechanism of broken symmetry which predicts the
spontaneous existence of at least three families of
broken symmetry in quarks in nature”

subatomic physics"

o
DM

Photo: Universtity of Chicago l Photo: KEK Photo: Kyotc;uhwersuty
Yoichiro Nambu Makoto Kobayashi Toshihide Maskawa
@D 1/2 of the prize @ 1/4 of the prize @ 1/4 of the prize

Kobayashi and Maskawa, Prog.Theor.Phys 49 (1973) 652
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CP is violated!.. together with Quark Flavor

Quark mixing matrix has a physical CP violating phase dcx .
Verified In BB mixing Sin Qﬂ — 0.672 £ 0.023 Hrac Aug 2010

dcxn 1S large, O(1)!

CPX also observed in B-decay Acp(B — K*7F) = —0.098 £ 0.013
HFAG Aug 2010 LHCb,1 O (S.S’[Oﬂe Talk CERN) —0134 :|Z 0041 (stat. err only, no corr)

I'B— Ktn7)#T'(B— K n")




SM Flavor and CP Violation/CKM 1995 vs today

The CKM-picture of flavor and CP violation is currently consistent
with all — and quite different — laboratory observations, although
some tensions exist.
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Rare Processes observed Today

Modulo "hints” all hadronic flavor changing data are currently ok with
the SM within uncertainties.

Flavor changing neutral currents (FCNCs):
s—>d: K'— K° K — wuw

c — u: D° — DY (first data on FCNC in up-sector)
b—d: B - B° B — py,b— dvy (B — =ll close)

b— s: B, — B, b— sy, B— K%, b— sll, B— K"l (precision,
angular observables starting), B, — uu (bound improving)

t — c,uand ! — !": not observed
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Flavor at the Terascale

New TeV-sector; whats the flavor of the SM partners?

Flavored spectrum of ¢ and ¢ degenerate?
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Flavor at the Terascale

or with large splitting?

1500 } gauginoes sfermions
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C.Gross and GH, 1101.5352 [hep-ph] 0

and how about flavor mixing and CP violation?
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Terascale Flavor facing todays FCNC Data

Arcne ~ Vi Vi X Amg, x (1/Anp)"

mixing splitting(GIM) decoupling
W= Y d,s,b
b u, c, t S b X S b g S

With no suppression from flavor (mixing nor splitting) at 95 % C.L.:
KOK° D°DY BO9BY BORO
Axp [TEV] | 2-10° 5-10% 2-10% 3-10?

Bona et al, 0707.0636 [hep-ph]

Connection to TeV-scale is lost, or TeV-scale flavor non-generic!

14



Testing Flavor at the Terascale

FCNC loops probe product of mixing and splitting

* 2 n
AFCNC ~ V;]Vk . Amzk . (1/ANP)
J
v v \ -~ _J/
mizing splitting(GIM) decoupling

Example: Precision studies in rare semileptonic B — K®*)[+[~

decays, Br ~ 107°. W
Lemmmal b u,c,t s
b u,c,t S
W W
Y, 4
et 0 A v 0

(Analysis workshop on this at DESY HH June 15-17, 2011)
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SM testing with B — K *[T]~ Spectra sovet, cHyanoyk 10
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C;-Coupling Scans B — K*["l~ 2010

Large Recoil and Inclusive Data Only (C; = C,°") Large Recoll and Inclusive Data Only (C; = -C;°™)
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EOS project: http:/project.het.physik.tu-dortmund.de/eos/  Bobeth, GH,vanDyk '10 1006.5013 [hep-ph]
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Forward Backward Asymmetry -LHCb Prospects

AL By—K*uu

* Prospects at LHCb: if we consider most sensitive bin (1<g°<6
GeV?), and if we assume Belle central value: with 1 fb! (2011)
LHCb will get statistical precision enough to exclude SM A

average value by 4o0.

§ = 7TeV fb )
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07/17/2010 Search for Rare Decays at LHCb - Antonio Pérez-Calero 20
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Collider-Precision Complementarity

flavor splitting Am,; versus flavor mixing K;;; a) today b) hypothetical

1

1

(a) (b)
EXCLUDED

mj-mi
i,

LHCb

ATLAS/CMS

fig from Y.Nir 1010.2666 [hep-ph]
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Collider-Flavor Physics (Examples)

Measuring the mass splitting Am;;:

in cascades x5 — VI~ and comparing e*e~ with u* = edges aanac
etal 0801.3666 [hep-ph] MSUGRA/CMSSM: splitting percent-permille; Hybrid
anomaly-gravity: O(1) slepton splitting, uses alignement to escape
FCNC bounds c.cross and g, 11015352 [hep-ph]

1600 Zauginos sfermions

L=}

A 3

Il

:
X

R
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Collider-Flavor Physics (Examples)

Measuring the flavor mixing K;;: from decay length measurements
with long lived stop decaying predominantly FCNC ¢ — cy!

left: 0803.2263 [hep-ex], right: GH, JS.Kim, H.Sedello 0910.2124 [hep-ph]
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Light stops are produced with low BGD in association with like-sign

tOpS pp — E*E*tt, Egt_t Kraml, Raklev '05
Up to 10 events with 1 fo~! (no detector effects, 14TeV).
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Flavor Masses and Mixings in SM

[ 1075 ~0.002 0.008 +i0.003 )
Y, ~ | 107 0.007  —0.04
\ 105 +i10"7 0.0003 0.94 )

<Hu>)
(Ha)

Y, ~ diag(107°,6-107%,0.01) (-< “>)

Y; ~ diag(107°,5-107%,0.025) (-

Very peculiar pattern.
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Mismatch SM vs BSM Flavor

Y, Y Yiy, v v!,.... (SM flavor)

squark mass terms £ = Q} ,(MZ );Qr; + ...  sflavor)

Could have common origin, e.g. Froggatt-Nielsen symmetries:

(Yu)zg ~ EZuj_Zqi , (MC%L)Z] ~ GZCIj_Zqi

or not, as in anarchy scenarios (Mc%L)iJ ~ O(1).
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Hybrid Gauge-Gravity Mediation

mpy F---—-- T— non-MFV-new flavor X
1/r
Mmess }------§------MFV-SM-like flavor Y,,, Yy
r3
my | v  Flavor at the Terascale

MC%L (my) ~ méL : (1“31 + chqu - CdeYC£+ rXg, )
——

SM—likeflavor BSM flavor

flavor observables probe off-diagonals: ~ r/r3 X, .
observable signatures+ experimental program ek HochbergNir 0812.0511, 1001.1513
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Summary

The Standard Model is a good description of microscopic
processes up to energies of O(100) GeV.

The forthcoming seaches at LHC and precision experiments will
explore the Terascale. What are the flavor quantum numbers of
new particles/SM partners ?

Exisiting FCNC-data imply already strong constraints on the
flavor structure of physics beyond the SM. These bounds will be
tightened significantly.

The observation of New Physics flavor couplings could point
towards the origin of generational mixing and hierarchies, i.e.,
flavor.
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