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OUTLINE

e Brief introduction to CP viol’ in neutral
B) meson systems

e DY di-muon charge asymmetry
e CP viol’ in Be— J /o
e Implications for Physics Beyond the SM

e (Conclusions

(See also U. Nierste talk this morning)




EXPERIM. STATUS: THE SM
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FCNCs @ 1-loop — small in the SM — good places to look for NP
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CP VIOLATION IN B(s)-B(s) SYSTEM
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CP VIOLATION IN B(s)-B(s) SYSTEM
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e B—=uvX evX( W+ exchange, no CP
viol’)

ASL — Aflafu.spec.
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CP VIOLATION IN B(s)-B(s) SYSTEM

oscillate _
> B

B
Probes CP viol’ in the
decay .
| / interference between

£ 7 mixing and decay:
A ( ) e dF/dt B o fcp: — dP/dt B o fcp:
E dT/dt[B > fop| +dU/dt[B— 0

A¢(t) = Sysin(Amt) — Cy cos(Amt)

For B4 use: J/¢yKs For Bs use: J /¢
51 wk—sin(20) Sy /pe=s1n(2Ps)=-sin(ds)
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MESON MIXING

® 5 parameters:

MIZ[,L F(}{,L Pq :al"g(_MfIQ/FCfQ)
e 6 observables:

W Vi g+l
2 2

e 1 relation among them:

AM AL Asp Sin(@8
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V1= 55

absence of direct CP viol” only assumption, valid even with NP

and similarly for Bg

Wednesday, March 16, 2011



RECENT MEASUREMENTS: AsL

DY measures charge asymmetry

in muons: :
++ —— :
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no b identification 3.10 discrepancy

(could be due to something else) (W/ Asi s and Asi 9 meas’)

Wednesday, March 16, 2011



RECENT MEASUREMENTS: [Js vs. Al's

e CDF and DY measured time dep” CP asym in
Bs— J/ v
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RECENT MEASUREMENTS: [Js vs. Al's
e Both CDF and DJ updated their results in the summer

e Discrepancy with SM is decreased (more on CDF side)

e CDF+DY combination not available yet (we use D0 2.8fb1 +
CDF 5.2fb"! ¢s 1D likelihood)
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WHAT CAN IT BE?

e Both AsiP and Sy may be statistical
fluctuations...

e AsiP may be something totally different
(new) not related to B physics...

e Asib and Sy may be due to NP in B physics




WHAT CAN IT BE?

e Both AsiP and Sy may be statistical
fluctuations...

e AsiP may be something totally different
(new) not related to B physics...

e Asib and Sy may be due to NP in B physics

Compatibility?




CONSISTENCY CHECK

e From Asi?, Asid, AM; one gets:

AT, | ~ [(0.28 +0.15)p \/1 52 i

e To be compared with the
best fit point of (|AT|, Sys) ~ (0.15ps~",0.5)

* Also consistent if using new CDF+DO0 data

Non trivial test for NP! — assume the discrepancies are
due to NP and study consequences
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NEW PHYSICS?? (A MODEL INDEP. ANALYSIS)
Modify only the mixing amplitude:
M,
P

NP,q
M,

SM,q
M,

=14+ hq ei20q

In the fit: other 4 real params on top of g, 1 from the Unit. Triangle
A AR cos [arg (1 + h eQi"S)} ,
B L/ (ML (1 +hef ]
S x — sin 25 + arg (1 + h ede)] ,
S, —sin _26 — arg (1 + h 62“’3)] :

(CKMFitter package used)
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NEW PHYSICS?? (A MODEL INDEP. ANALYSIS)

Loops are contaminated from NP — use tree level
observables to determine @, 1):
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NEW PHYSICS (A MODEL INDEP. ANALYSIS)

7z',

3n/4+ 3n/4+

N T/2¢

4+ /4 r

e Favored regions are for hq~0.25 04~110° and hs~0.5 05~120°
or hg~1.8 05~100°

* 0Osand o4 are very close — same origin?

e h.=0is disfavored at 2.60, hq=0 at <20

Wednesday, March 16, 2011



NEW PHYSICS?? (A MODEL INDEP. ANALYSIS)
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NEW PHYSICS?? (A MODEL INDEP. ANALYSIS)
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strongly correlated

e hs=h4=0 (SM)
distavored at 3.30

e h.=hgis not ruled

out but data prefer
hs Z ha
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NEW PHYSICS MODELS?

hs 4, 05,4 is a general parameterization.
Which types of NP models can account
for this?

Are new sources of flavor viol’ needed?

Are new sources of CP viol’ needed?

How to get h, 2 hg?
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The smallest perturbation of the SM picture:

MINIMAL FLAVOR
VIOLATION (MFV)

* New particles & new interactions? Yes

* New Flavor viol’ sources at low energy? No

0,
L=Lsyu+ ) cilYuYa) 13

1
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FLAVOR & CP VIOL’ IN (G)MFV

¢ What about new CP phases? — Can be flavor-

blind phases (e.g. in SUSY the phases coming from
gaugino masses, etc.)

brv*sr ) (bry*s
i clat sl B2 20"

(Yl yu, y;flyd) — ol s

+ as (Yl ) s (Wl vy ya)se + as(Wiye)se (Wiyayl v ) s

Some of the ai can be complex — new sources of CPV

A ~ few hundreds GeV =+ few TeV to account for the data
(depends on yu)
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FLAVOR & CP VIioL’ IN MFV
BNV hat about h. > hy ?

e ms>mg — down yukawa coupling can
do it! (that's the only way in MFV...)

 Requires one Y4 insertion:
e “scalar” operator involving bisg, brdr
(similar to an Higgs exchange):
b | O3(AT ALY )3d;] [UZS(YJASTAZ’T)&QJ
Au,d — u,dYJ,d

ha/hs o« mgq/mg ~ O(5%) — testable prediction

Wednesday, March 16, 2011



NEW PHYSICS MODELS?

CAVEAT: flavor blind phases — potential
problems with EDMs

Electric Dipole Moments are generated by different
operators, but in specific models the size of the contrib’ to
EDMs and to CPV in Bs mixing is correlated

(model building gymnastics required, various working
examples in the literature)
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FLAVOR & CP VIOL’ BEYOND SM

e What about non-MFV models?

e New sources of flavor viol” and new flavor-
dependent CP phases

e Can account easily for the data BUT if new
sources generate hs = hg then constraints
from Kaon and D-meson mixing may be

non-trivial
(Model building needed...)
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PROBLEM WITH Al <?

e The SM prediction for Al is in some tension with
the DY (slightly more than 16...)

e The data prefers a Al'slarger by a factor ~2-2.5

(shallow profile, new CDF

D& data should lower

the “tension” to a factor of 1.x)

e Could be a fluctuation in the data

e Could be a problem with the SM prediction

e It's very hard to account a shift in AI's with new
physics but possible (e.g. need a new light state)

(Bai, Nelson 2010)
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CONCLUSIONS

The dimuon CP asymmetry may be due
to BSM physics finally showing up in
the flavor sector.

Very easy to account for the data (—
quite generic)
Data does not exclude MFV (at least its

general definition)

More exp’ input needed — available
later this year!




ON THE LHC FEEDBACK

“...most important of all, Switzerland is now the home of the Largest
Superconducting Supercollider which was moved from Texas to
Switzerland after the '94 budget, but we still have smaller ones in the
United States. The first significant discovery came [...] last year. They
may offer a key on how life began after the Big Bang. [...] The smallest
subatomic particle, the muon, it turns out, that based on their
findings, which will be confirmed or contradicted when the Swiss
machine is up and going, [...] [It] turns out that there's slightly more
positive than negative muons in all of our atoms which will justify the
faith of all the believers of the world, make you more optimistic and
gives us an explanation for how we might have all come to this
moment from the primordial slack.”

William J. Clinton, World Economic Forum, Davos, 2011
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