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FLAVOR PHYSICS PHENO

—Where are we in Flavor Physics?
—Directions, Tasks, Needs

—A recent Fit analysis

—Qutlook

Gudrun Hiller, CERN and Dortmund
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Flavor Physics

Flavor physics originates from the generational structure of known
fundamental matter v — ;, i = 1, 2, 3, with lives in the same
representation of the SM gauge group:

SUB)e x SUR2), xU(l)y — SUB)e x U(1)em
The Yukawa matrices Y, ;. are the sole sources of flavor in the SM:
Lsv =Y y—ou.n.rp VitDvi
—Qi(Ya)®U; — Qi(Ya)y®D; — Li(Ye) ;P E;
+Lhiggs + Lgauge

This set-up predicts correlations and CP-violation.

TOOLS 2010 Slide 2



The Flavor of the Quarks/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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By By K

1.5\\\\IIIIIIIIIIIIIIIIIIII

0.9
0.8
0.7
0.6

0.4
0.3
0.2

0.1

v b b b Ve b b b T
-08 -06 -04 =02 0 0.2 0.4 0.6 0.8 1

0

fitter : Y sol:w/cos28<0

- Beaut y 09 E (excl. at CL>0.95) —
-15 [ B | Lo b b by
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P

TOOLS 2010 Slide 3



Data on B,, B, — J/U®; beginning of 2010
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Tevatron combination; (CDF public note 9787); 2.120 away from SM
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Another way of Measuring the B, B, phase

arXiv:1005.2757
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New CDF Data on B,, B, — J/U®; FPCP 2010

CDF Run Il Preliminary L =5.2 fo'

0.6 — 95%cCL
i — 68% CL
0.4} —e— SM prediction

B, (rad)

Talk by Oakes, FPCP 2010; at 68% CL G5 isin [0,0.5] or [1.1,1.5]
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Rare Processes

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

Different sectors and different couplings probed:
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 — ¢, u: not observed
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Probing Physics at Highest Energies with Flavor

Assuming no specific flavor structure, New Physics sets in where?
4

9
AM t ™~ 1672 Vega - 1/miyy -0 f

Af=2
ANg Nl/ANP

K°K® D°D° BYBY BB
Awp [TeV] | 2-10° 5-103 2-10% 3-102

Table 1: The lower bounds on the scale of new physics from FCNC
mixing data in TeV for arbitrary new physics at 95 % C.L.

Numbers from Bona et al, '07
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Physics at the Terascale

------
‘‘‘‘‘‘‘‘‘‘‘

The absence of O(1) New Physics observations in FCNC-processes

implies that physics at theTeV-scale has non-generic flavor
properties.

In particular, suppression mechanisms of similar power as CKM and
GIM, which are built-in in the SM, need to be at work.
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Minimal Flavor Violation (MFV)

A model-independent framework, which passes all current
flavor-tests, is to assume that flavor is broken only through the
Yukawa matrices, as in the SM.

This is termed minimal flavor violation.

Very predictive framework (CPX, RH currents, splitting & mixing of
SM partners)

As in the SM, the origin of flavor is not addressed.

MFV model-independent: Chivukula, Georgi ‘87, Ali, London ’99, Buras? '00
MFV-SUSY: d’Ambrosio, Giudice, Isidori, Strumia 02

MFV variants, extensions: Agashe, Papucci, Perez, Pirjol ‘05, Feldmann, Mannel 08, Kagan, Perez, Volansky, Zupan 09
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Predictivity and large Effects in FCNC loops

+ Predictive O(1) effects within MFV models if tan 5 largish. many works
Here, AMSB (m3/2 == 40 TeV) Figs from 0902.4880 [hep-ph]

a) 12 . . . le-07 .
(a) p——" 7 95% gxcluded T,
total — /7% | ’
10 1 no ﬂavour ........... J ::'
T . .
ot =
SR A 1e-08 |
/|< m3‘,-2=40 ch m"': |
6 - - :_
§ P % SM Prediction
4 | —
i 1e-09 | total ———
y) . u<0 ---t:;;:; . po ﬂalVOUI" ....... mres
0 10 20 30 40 0 10 20 30 40 50 60
tan 3 tan B

« Different decays are complementary
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Yukawa matrices

[ 1075 —0.002 0.008 +70.003 )
Y, ~ | 1076 0.007  —0.04
\ 105 +i10"7 0.0003 0.94 )

<Hu>)
(Ha)

Y, ~ diag(107°,6-107*0.01) (-< ’“>)

Yy, ~ diag(107°,5-107%0.025) (-

Very peculiar pattern.
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Directions in Flavor Physics

Observables & Models
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Directions in Flavor Physics

Observables:

— precision CKM studies; "SM input”, sides and angles, consistency

— FCNCs; discovery modes; probe new physics flavor (MFV vs
non-MFV)

— high pr; probe new physics flavor (MFV vs non-MFV); generational
pattern of SM-partners
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Directions in Flavor Physics

Models:

— Flavor aspects of (new) proposals; precision

— Explaining flavor (family symmetries, anarchy, textures,...)
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Tasks and Tools

Fit codes, averages, model-specific tools

besides standard LHC/collider tools
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Tasks and Tools

Fit codes, averages, model-specific tools in flavor, a very incomplete

list

not every code publicly available

Fits: CKM: CKMfitter, UTfitter
Averages: HFAG, PDG
SUSY: softsusy, superiso
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Flavor Tools at Work

Ab = 1 model-independent analysis
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SM-like A5 in B — K*[T~?

left: BaBar: 0804.4412 [hep-ex], mid: Belle 0904.0770 [hep-ex], right: CDF
public note 10047 (January 2010)

— (a)

L

Yaar]---

CDF Run Il Preliminary L=4.4fb™

Apg(B” — K u*w)
- Data

w00
N g

ap e 0T 101 1496 18
0823 % 8 10 12 14 16 18 : 2(GeVic) q? (GeVZ/c?)
sign/zero of Arg at low dilepton mass?
sign of Arp at large dilepton mass SM-like  0s05.2525 thep-phy
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b — sv,b — sll Decays

W

f"' ) ‘l‘l. |
¢ n l:'.l_
|I Jll B} ll "I. % |I.' %
1 1
-3 I f s ()
=, _— =7
..c"".f".:““""“-, H__,..-"“'h.,___‘. i i
-I -I

dipole operators O x 5.0,,bgE™ Og x 51,0,,brGH
4-Fermi operators Og o< (517,01)((y"€)  Oyo o< (57,01 ) (€yH5L)

New Physics (NP) in C; = C?M + CNF or new operators.
model-independent analysis: Br's, Acp, Arg = f(C;) — fit! nep-pnssoszis

Example: B(b — sv) ~ |Cr]*.
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Effective couplings b — sl list

Wilson coefficient description SM enhancement in models
Ci,2 charged current YES
C3,. .6 QCD penguins YES SUSY
C7.8 ~, g-dipole YES SUSY, large tan 3
Co.10 (axial-)vector YES SUSY
Cs.p (pseudo-)scalar ~ mymy/mi, | SUSY, large tan 8, R-parity viol.
Cs p (pseudo-)scalar flipped | ~ myms/m3; SUSY, R-parity viol.
C3..6 QCD peng. flipped ~ ms/my SUSY
Cr s ~, g-dipole flipped ~ ms/my SUSY, esp. large tan 3
06,10 (axial-)vector flipped ~ ms/my SUSY
Cr,15 tensor negligible leptoquarks

OS X (51;[)3)(26), Op X (ngR)(Z’}%f),

iS’ X (ERbL)(gg), ... 0911.4054 [hep-ph]

with BSM CP violation: C; complex; ¢ flavor dependence possible

A full model-independent analysis with all allowed op’s is not
tractable. Stay within MFV, or take guidance from BSM.
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black: CDF, gold: BaBar, red: Belle; blue: SM; g% = m3,

SM teSting with B — K*[7[~ 2010 Bobeth, GH,vanDyk *10
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Benefits of B — K*[*[~ at low recoil

Biggest TH uncertainty from B — K* form factors 1006.5013 [hep-ph]

lattice (quenched), only T3, T5 sumnepphiostizes VS light cone sum rule fit
ext rapolated BZ hep-ph/0412079
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Precision tests with B — K*["[~ at low recoil

Heavy quark FF relations at low recoil and OPE in 1/4/¢? cpnepphioo4zs0

Leads to simplified transversity structure in B — K*[*[~, and only 2
independent combinations of short-distance couplings!

Allows to define new FF-free observables and those who are only
dependent on the FFs.

1006.5013 [hep-ph]
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C;-Constraints 2010
e
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68 % CL regions for (real) Cg, C10 for Cr = +C5M (left),C; = —CEM (right) 1006.5013 [hep-ph]
SM: Cg = +4.2, 010 = —4.2
MFV MSSM: No 0(1) deviations from 09,10 IN SM. hepphiogtoze
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Global ngl()'Fits 2010

All Data (C, = C,*M) All Data (G, = -C,5M)
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green box: SM value for (Cg, C19) COﬂSIStent W|th SM, 4'f0|d ambIQUI’[y RedUCeS tO
2-fold if Apg zero is seen (or not); last ambiguity requires precision
study 10065013 hepph] PlaNs t0 make code puinCIy available —stay tuned
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Summary

Flavor physics enters next stage with SM parameters becoming
precision input.

Rare decays: precision studies beginning; promising for LHC(b)
nearer term: arg(B, — B,) , By — uu, App+ more

Flavor and the LHC: is the TeV-scale MFV or non-MFV? — map
out flavor quantum numbers of SM-partners related to EWKSB
at O(TeV)

The observation of non-MFV couplings could point towards the
origin of generational mixing and hierarchies, i.e., flavor.
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