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A FUTURE FOR FLAVOR PHYSICS IN
OUR SEARCH BEYOND THE SM?

« The traditional competition between direct and indirect
(FCNC, CPV) searches to establish who is going to see
the new physics first is no longer the priority, rather

+ COMPLEMENTARITY between direct and indirect
searches for New Physics is the key-word

« Twofold meaning of such complementarity:

i) synergy in “reconstructing” the “fundamental
theory” staying behind the signatures of NP;

i) coverage of complementary areas of the NP
parameter space ( ex.: multi-TeV SUSY physics)
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Twofold meaning of such complementarity:

i) synergy in “reconstructing” the “fundamental
theory” staying behind the signatures of NP;

i) coverage of complementary areas of the NP
parameter space ( ex.: multi-TeV SUSY physics)

The Tevatron provides opportunities for
many world-class flavor measurements



Tevatron Experiments
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e Silicon Detectors - New LO installed in 2006.

e Solenoid: 2T, weekly reversed polarity

e Large tracking coverage
e Large triggered Muon Coverage |n|<2.2
e Excellent Calorimetry and electron ID

e Tracker: - Silicon Vertex Detectors
- Drift Chambers

o Excellent Momentum Resolution
e Trigger on long-lived particles

e Particle ID: TOF and dE/dx
e Triggered Muon Coverage |n|<1
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Flavor physics menu@Tevatron

e Heavy flavor production/QCD processes

e Explore the heavy particles zoo:
- Ground states: B, B, A, %, E,...
- Excited states, Exotics
e Improve understanding of SM physics
- CP violation, CKM angle gamma
- Modeling hadronic phenomenology:
e pQCD, HQET, SCET, factorization, U-spin...
e Search for new physics (or contribute to
understand it when it is found!)
- Rare modes -> FCNC, LFV, LQ, SUSY
- Anomalous CP violation
- Bs mixing parameters.
- Charm mixing parameters

Data on tape: 3.5fb-1/exp. - Analyses: 1+2.8fb-!

Can sample only a few topics for this talk



B hadron properties



Latest entry: b-Baryon E, [bds]
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B, mass
« Using B_*->J/y(up)+m* - fully reconstructed
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I m potential models
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i e lattice QCD _:

M= 6300+14 =5 (DO) -~ v poenlNROCD :

[arXiv:0802.4258 [hep-ex] ; 6400 |- .
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M = 6304+£12*18 / MeV/c? (lattice QCD) & 6300

m

[Phys. Rev. Lett. 94, 172001 (2005)]

M = 6247-6286 MeV/c? [Phys. Rev. D 70, 054017 (2004)]
(non-rel. potential models)
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B. Lifetime

Used In World Average
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B. T (ps) CDF result (e+p)

t=0.459 * 0.037 ps Unofficial WA \—
Predicted: t=0.47 + 0.59 ps B )
Now a good benchmark for theory c *
Expect further measurement from
fully reconstructed
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Other hadron lifetimes

ALEPH A -lepton ——| 1.180 *$ 0 +0.030 ps o
ALE%% A || 1300828 000 e Best existing measurements of
OPALAdeplon | | . [ | 120088 w00sps Ay, and B, lifetimes. Expect more.
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e Precision test HQET
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ACP(B°—>K+*r-) # ACP(B*—K+*r9)

nature

LETTERS

Vol 452|20 March 2008 |doi:10.1038/nature06827

Difference in direct charge-parity violation between
charged and neutral B meson decays

The Belle Collaboration™

Equal amounts of matter and antim
been produced in the Big Bang, but
clearly matter-dominated. One of t}
standing this elimination of antima
of charge-parity (CP) symmetry. So f;
have been observed in the neutral Kn
systems: CP violation involving the
antiparticle K° (and likewise>* for B
tion in the decay of each meson™®. T|
types of CP violation are substa.ntia|

“[...] Although it is susceptible to strong interaction
effects that need further clarification, this large
deviation in direct CP violation between charged and
neutral B meson decays could be an indication of new
sources of CP violation—which would help to
explain the dominance of matter in the Universe.”

system. However, they are still consistent with the standard
model of particle physics, which has a unique source” of CP viola-
tion that is known to be too small' to account for the matter-
dominated Universe. Here we report that the direct CP violation
in charged B*— K*n° decay is different from that in the neutral B°
counterpart. The direct CP-violating decay rate asymmetry, Ag :
(that is, the difference between the number of observed B~ —K n’
event versus Bt =K' n° events, normalized to the sum of these
events) is measured to be about +7%, with an uncertainty that is
reduced by a factor of 1.7 from a previous measurement’. How-
ever, the asymmetry Ag: - for B > K n* versus B—K'n” isat
the —10% level™®. Although it is susceptible to strong interactioy
leffects that need further clarification, thislarge deviation in direc|
CP violation between charged and neutral B meson decays could
be an indication of new sources of CP violation—which would
help to explain the dominance of matter in the Universe.

beyond the standard model.

Compared to the dominant b— cdecay amplitudes, the amplitude
of Fig. la is suppressed by the smallness of | V,;,/ V4|, while Fig. 1b is
suppressed by the quantum loop amplitude. However, the two
amplitudes are of similar magnitude, allowing for large interference
(and hence appreciable CP violation) to occur. The price to pay is the
small branching fractions or decay rates tobe measured. For instance,
out of a million neutral B’ mesons, only about 20 will decay into
K7™, while for B mesons, only about 13 in a million will decay to
K" 7" Therefore, to search for CP violation, we must produce many B
mesons and detect them with high efficiency. The Belle detector at the
KEKB" asymmetric-energy (3.5 on 8.0 GeV) e e collider, operating
on the Y(45) resonance (which decays exclusively to a BB meson
pair) energy, was designed for such a purpose. The KEKB accelerator
is currently the brightest collider in the world, in which the record
instantaneous luminosity is equivalent to bombarding a 1 cm” area
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Direct CPV in the Bs

e A good, robust test available at the Tevatron is:
A(Bs 5 7t K7) — |A(Bs = 7 KT)|* = |A(B; = 7T K7)|° — |A(B; = 7~ K1))?
[Gronau Rosner Phys.Rev. D71 (2005) 074019, Lipkin, Phys. Lett. B621:126, .2005]]

“Is observed direct CP violation in B>—K*n due to new physics ?
Check standard Model prediction of equal violation in B®.—Krt*”

e Predicts large ACP(Bs->K-11+) = 0.37

CDF Run Il Preliminary Lim=1 fb!

%uooi TSSO

o F 0

§ rooo) me e sCDF (1fb-): 0.39 £0.15 £ 0.08

g 800l .E‘S%K%, (~2.56 from zero)

° 0 [] background eUnique measurement of direct-CPV in Bs
600~
a0l Needs more data, but the sign is right:

i the opposite sign would have been a

2000 + 50-violation of SM !

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o0 01 02 03 04 05 06 0.7 08 09 1
Probability ratio ACP(B: - K



CPV in A°, >pK/m

CDF Run Il Preliminary le=1 b

ﬂg 5“"; * Data —waw | Charmless decays of a b Baryon recently observed
= Pe ceclle.~wx | at CDF for the first time :
:?:I 4“'] .E‘: K n*+oo. | B ntx
g | N R BR(Ab0 —pK) = (5.0 £ 0.7 =+ 1.0) x 10-®
g 3{'“'_ .1': + p WO .Bkgﬂumb BR(AbO %pn )= (3.]. i 0-6 i 0.7) X ].0_6
R | (Assuming PDG value f /f,=0.25 = 0.04)
baryon/'d
o 200 - .
I Predicted:
1uu;'— BR(Ab0 —pK) =2 x 10-°
= i BR(A,® —»pm)=1x 10-6
83 S variant o omass [Gevic Direct CP asymmetries:
CDF Run Il Preliminary le=1 b1 CDF Run Il Preliminary le=1 fb™ Acp Q\b % piﬂi ): 003 i 017 i 005
32005 I
" f o | 4, (A, = p*K7)=03740.17£0.03
g 140 * Data fgzoo?  Data
b =%5:;:: S150- =%8:;: Expect an effect at least in pK.
§ 80 " lother 5o " lother Too early to draw conclusions,
60 K but interesting in future.
e
% gz 0q o5 05 . TR These measurements unique to

Tevatron, but there is more...



BO/+ CPV at Tevatron! B*—J /yK+*

[arXiv:0802.3299 [hep-ex]]

Now, with large Tevatron samples ———— =

even improve precision on BY/B+ ! 12000 o — = JK

Another good place to look for 10000 p——

anomalous CPV is B*—J/yK+ PO S N Wp— HKE

If B+ BO effect due to NP g — TOTALFT
expect 1% asymmetry S 60001

[hep-ph/0605080, PL B598, 218 (2004), -d:’ B

PRD 62, 056005 (2000)] E 4000<

Recent DO result improved the 20000 "o, /. .

world average by factor 2 o, /T i —————aa

G [P P et 0 DU B A I B
5 51 52 53 54 55 56 57
m(J/yK) [GeV/c?]

ACPB+—J/yK+ )=(0.75+0.61 £0.27) %
(previous WA : (1.5+1.7) %)

eNot conclusive yet, but important step forward

eAlso measure:
ACPB+—=J/yrnt )=(-9+8£3)%
(Strictly related to the recent hint of anomalous ACP(B® — D+D-))



ACP(B°—K+*r-)at Tevatron

CDF Run Il Preliminary Lim=1 fb! ACP
= +0.4
2 B? B? —— CLEO HEAG
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NN
— . 0.0 S -.
Significant contribution to 4 s
ACP(B%->Kpi) from CDF with 1fb-!
P \\> Q:\i e
g
= Future resolution <1% {
Expect world’s best measurement ! ,\?j

Current rates: Belle 7 ev./day
CDF 23 ev./day



CKM angles: CPV in B*—»D% K+

CDF Run Il Preliminary L =1 fb™ 9 _
N _ int Xx° = 52/48 A Avel‘ageS FPCP 2008 sam | e
) 240F N PRELIMINARY p
- -(+ - v
> 220F | B D), 1! BaBar o 0BT E008£0.04
% 200; [ ‘ arXivi0802.4052 : ol i
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:140:_ Ayerage S 0.25 £0.07
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e CP asymmetry in modes DOp— K*K-/m*m-
» Achieved same precision of ete~ with 1 fb-1
Hi-lum means will stay on track in future.

Contribute to determination
of CKM angle y (GLW method)

Moving on to ADS method: Herym - D() K() GLW + ADS
: - --- D(*) K(*) GGSZ =3 Combined
+ + SUMME
reconstruction of B*¥-»Dyent || e Sin(2Be) — OKM fit
—_ 1.0_I I:;-‘_!- T Il\l T T I1‘I T I:.'I T T | L | T 1T |,‘e‘ T | T I_
2/_:35 L ;Y : \ ‘ s\ '_l \_‘
H L, = 2.4 fb-1 i \ i
Sl CS events ~ 40 (expected) 0.8 i \ ;o 7
(«:':z}‘H F = 34 + 12 (fitted) [ N\ S
i ) l 4 a 0.6 "' 7 \\\ ii \ =
Eur N Comparison with other ~osf /5~ A N VoA
o WF | % f:letermmatlons ofy __ —+ e e
- 1y ﬂ? 4 important NP test T s
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Bs meson

[I. Bigi, CERN Theory Institute, 5/26/08]

W On the Autonomy of B, Dynamich

original paradigm: need By & B, to determine all 3 angles
oo/, ¢i/B from By vs. ¢3/y from B,
new paradigm: can get all angles from By
Furthermore NP in general will not obey SM relations between
B and B. decays
w B_ decays a priori independent chapter in nature's book

on fundamental dynamics
B.(t)— Yo, yn. ¢¢ not a repetition of lessons from
By & B, decays!

26



Flavor mixing

e Flavor eigenstate # Hamiltonian eigenstate
- transition between meson and anti-meson exists
e Simplified Schroedinger equation describing mixing and decay

0 0
. d B, (t) i B, M, M,) (I, I,
I —| — — (M ——F) S * ’ *
dt B; (1) 2 B;’ M, M, I, Ty

e The mass and lifetime eigenstates (with G,,/M,, <<1)

|BL >=p|B§>+q|§qO> Amq:mH_mL:2|M1q2
I

q
12

0 D0
| By >=p|B;>—q|B, > AL, =TI, -T}; =-2|I}}|Re(—2) =2|T}} | cos(p,)

In the Bs meson: Am_ , AT, and ¢, sensitive to New Physics (|I";,| is not)
In particular, the phase (p,= -2B,) is small in SM, but could be large in NP

Crucial measurements, currently possible only at Tevatron



IM;5| and Am,

e Oscillation observed at 56 in CDF in 2 3°;CDF e Lzrj'odfb_
2006 with 1fb-1 of data s b o
e Am, known with great precision: < 15F — hadronic
= 10F
Am; =17.77£0.10(stat) £ 0.07 ps’ oF
-5F-
v, 10f
Wial_ 2060+ 0.0007(exp)o.o0eo (theor) st
Is I e T R ‘_:1’,5
e Comparison with SM prediction Am, [ps’]

H
AlnL 3
n

-10

limited by lattice QCD uncertainty!

——2& Rynll Pre

immlrwuf. Ldt=24fb"

C A

- staterroronly =]

total error

- 'NEW

nL(min) &=

-4.08

A mL S 1855 0.,93(stat) © 0.30(sysi) pet
-..rnfu|||||||(||).|||(|¥|)|p||

12

14 16

18

20

22

24. L |26I I28| L 0

D@ recent update (2.4 fb-1) now gets
significance up to 3o (stat. only).
Result consistent with CDF:

Am_ =18.53%0.90(stat) +0.30(syst) ps”
[D@-note 5618]

Not much more to say on this

parameter until LQCD improves

considerably - But there are
parameters to mixing.



B.—J/vy ¢ signals

, L=1351" > 500 w
- 2 [ D@,28fb | * Data
i [ R0 1 — Tofal Fit
@ 4003 B, = Jiyo N, —Prompt Bkg
O 200 o | J
E =3 .I-.!‘!l I|[ I ni
o @ 7181 | | I92] |
od 2 300 + H# ' + + ""I + * + H
e 3 [ 1 "'l'ill'n (sl o |
2 3 | % Bl
0 c = |
..% 100 S 2001
T _
2 | Uiy udd bt -
8 '_-In' \: Y ] Y . 'T o 100__
0|&||||| I|II&|I :|||||I|||||||||IIIIIIIIIIIIIIIIIIIIIIII
53 535 54 54D % 51 52 53 54 55 56 57 58
Mass(J/v ¢) (GeV/ic)) Mass (GeV)
Signal Candidates: Signal Candidates:
~2000in 1.35 fb? ~2000 in 2.8 fb-1

(Separate untagged analysis uses
~2500in 1.7 fb™1)

e Bs->]/wo contains both CP components, ideal mode.
e Need to statistically separate them by their angular distribution



Candidates per 25 um

Results: t.(=1/T,) and AT" (assume_,=0)

CDF |l L=1.7 fb"
- » Data

10°L — Fit
- — Signal
. Background
B B CP-even

10°

—
o
TTTTT T T TTTITT

t=1.52 = 0.04x 0.02 ps
AI' =0.08 + 0.06 = 0.01 ps-1

Phys. Rev. Lett. 100, 121803 (2008)

10°F
: DO,28fh" * Dala
| 0 — Total Fit
10 E_ Bs - J/W q) ..... Total S|gna|
- . Mass 5.26 - 5.46 GeV ..... ©p_gyen
10° 3 A CP-odd
: — Background
w0F [ Different lifetimes,
: Al'y #£0
10.1 Ll i R 11 1 |'|‘":'\| Ll | IR
-0.1 0 01 02 03 04 05
ct (cm)

T=1.53 £ 0.06 = 0.01 ps

arXiv:0802.2255[hep-ex])

World’s best measurements



0.4F

Status of AT

1-sigma contours (Aflogl) = 0.5)

@ HFAG [P
= 021 18
= :
0.2} 1<

0.1 ‘ Theory /Q ]

U:- Combined COF ]

i Direct B —= JAr b 1

—0.1 ]

_U.E-_I 1 1 1 Im

1.2 1.3 1.4 1.5 1.6

1T [ps]

Predictable in SM AI' ;= 2|I",,|cos(2B,) = 0.096 £ 0.039 ps

Currently good agreement with SM
Other AI' measurements@Tevatron:

1-sigma contours {Aflogl) = 0.5)

[Nierste, Lenz, hep-ph/0612167]

— CP-specific modes : Bs—>K+K-
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. Sensitive to NP

- Extraction of T';, from BR(Bs — Ds(*)Ds(*)) = see talk by Youn

Almost 100% Tevatron - Looking forward to detect AI'z0



Fit for B.: limits in B.-AT", plane
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Tension with SM, both experiments in the same direction.
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What if we combine CDF and DO...

e Both experiments show a deviation of the phase in the same
direction
e The UTfit collaboration made a global fit and claims a 3-sigma
deviation from SM [arXiv:0803.0659v1 [hep-phl]
e Some approximations in it:
- Does not account for non-gaussian tails

- Some guesswork to “remove” from DO results the assumptions on
strong phases.

e A Tevatron combination is underway - expected soon.

Could it possibly be New Physics ?

Models predicting large Bs not uncommon

Es. based on a heavy 4th generation:
[Hou at al., Phys.Rev.D76:016004,2007] Interestingly, it also predicts
Acp(BO—K*1-) # Ap(B*—K*n0), the large observed D° mixing, and further

signals accessible at Tevatron.



Tevatron Outlook for f3,

Prob(5c5)1 '
e Assumes no analysis 0.8
improvements, and no L =2x6fb-!
external constraints, but 0.6}
same signal yield and
experimental resolution. 0.4!
e May do better adding
further signals (triggers) or 0.2 Tevatron combined
better tagging (underway) (assume =2*CDF)

04 05 06 07 08

B

If B, is large (=20.4) expect Tevatron to discover NP



A whole new territory: Charm Mixing

CDF Il Preliminary (1.5 1h"}

x10° CDFII Preliminary (1.5 fb™) .
% : o 001 — 1. Much smaller effect than in B
2 3M/1.5fb" +oosl D*+—>D%nt* | = more sensitive to anomalous
o~ | . | . .
g 200~ P | 3.86 FCNC (different in c-quark)
g . 0.006 |+ |. BaBar observed effect at the very
: . upper end of SM expectations.
100 LI T ) sl I S N _ _
* 0.004 . Could it be new physics we are
_ _ | | . witnessing ? Is there CP violation ?
Qg L 0 2 4 6 3} 10 No evidence yet.
my, (GeVic?) Wide range . Huge charm samples at CDF,
[Phys.Rev.Lett.100:121802,2008] widest lifetime span.
Mixing
Experiment Rp(10~3) ¢/ (1072)  2/2(10~*)  Signif.
CDF 3.04 £ 0.55 85 £ 7.6 —0.12 £ 0.35 3.8 CDF result@1.5fb-! = BaBar(0.4ab-1)
BABAR [8] 3.03 £ 0.19 9.7 £5.4 —022 £ 0.37 3.9 ]
Belle [9]  3.64 £ 0.17 0.6 720 0.8 7021 20 Expect strong Tevatron impact

Big potential for many other related measurements:

CDF dominated the WA of A (D°—n*/K*K~) until recently with 0.12 fb~!

This is where significant CPV from NP can be found
[Grossmann et al., Phys.Rev. D75 (2007) 036008]

.Unique opportunities@Tevatron for exciting new physics
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e SM: BR(B%,>pup) = (3.
e SM: BR(B%,>uu) = (1

* New Physics contributions: _
Two-Higgs Doublet models N

— MSSM ~tan®(B), for large tan(P) n
— SUSY with R-parity violation (RPV) b ~
— Z' with off diagonal couplings > v _
S L s
R, violating

— Almost any heavy beast...
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e SM: BR(B°.~>upu) = (3.42 £ 0.54)x10° Buras, PLB 566, 115 (2003)
e SM: BR(B%;=>uu) = (1.00 £ 0.14)x10° suppressed by (V,,/V,)?in the SM

* New Physics contributions:
— MSSM ~tanb(B), for large tan(P)
— SUSY with R-parity violation (RPV) p
— Z' with off diagonal couplings Vi d
— Almost any heavy beast...

Two-Higgs Doublet models
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R, violating




BO ,,—u*u Results

4 25CDg Run lib Preliminary SfpT] «, CDFMPreliminary (2f)  EMueiix
& C . . L . LT a sam
> o Sideband1  Signalregion = Sideband 2 > . of ° - .
Q C 9 5813—. a2
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V1.5: = 56 : e s w
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2fb-1/experiment M e
0.9 0.95 1
Sorry, no excess observed yet ! NeuralNet Output (NN)
B >uu B> up
CDF < 4.7x108 < 1.5x10-8  New HFAG average

PRL 100,101802 (2008) < 4.7 x10-8@ 90% CL

DO < 7.3x10-8 Most stringent to date!
.3x10-

[DO Note 5344]



Wide regions of NP now excluded

Previous B,>pupu limit

m, =3 TeV, m,=0.7 TeV
T | T T T T

[ ] R i
, | 1
600? i
(0 h* too large i \ SO(1 O) GUT
XY A 1IWR. Dermisek et al.,
: \ 1 Nep-ph/0507233 (2005)
2l \ D
1 i
1 \ & i
00 = =1 | \ -
- nne(ze) ol F7
E1 I S L
] o 1x107-~ =
200 N & -—= ff/ 5
Y. g Ty A
- e | 4
i o . 5x10 _ L ] o
oo L N e o o \ current B.>up limit
100 20 300 400 500 800 00 800 .
M, ,, (Gev) closing up the space

(tan(B)~50 constrained by unification of Yukawa couplings)
Only small corners survive for other parameter choices



What’s next ?

95% CL Limits on B(Bs — uu)
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What’s next ?

95% CL Limits on B(Bs — uu)
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Surprises waiting in
the last 10x factor ?
What can Tevatron
still do?



Tevatron B.,~>uu Reach

TEVATRON BR(B., ") Projection o

=
CDF extrapolates current analysis without 3
. " _7
improvements. 2,10
(a1]

DO includes a planned increase of
bandwidth allocation to this trigger
Each exp. hits 2*10-8at 7/8 fb-1.

This is just 6xSM. Corresponds to

2 SM events after all cuts (SES 1.7 10-9)
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factor of 2 improvement
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sensitivity down to 4xSM 100 ;
_ c ] —>| FY2010 [¢—

Past history shows results always 2

exceeded predictions: o AN et

each experiment now has the sensitivity & | Gerom

. . a 10

prev'ously predlcted for the Tevatron_ E P/ ................................................ \_\_\-—_—_‘
= <2.1x10°
E 6.1 x SM
o

. in 2010 running
1

0 1 2 3 4 5 6 7 8 9 10

analyzed luminosity (fb'1)



Expect some further exploration into the unknown

mSUGRA at tanFG =50
Arnowitt, Dutta, et al., PLB 538 (2002) 121

Red: direct searches A/H—t+1- 000 e
Black: Bo,>uu ., A0, >0 -
B e, G tanf3=50 ]
. '*.."-1 . 4
0 800 [ v @ 3 o]
pEee = %s boa,<l11x1077]
0 E T “U:‘%&’L 5 i
e i we, 2
0 = RS 3R ]
= 600 [ I O = =
= w0 > E 2 oA B :
e 3 B f
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30 400 ;" : _E
------ Si :
= 1 Ci A :
| =" , B Allowed et .
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In some scenarios, B.>uu quite more
powerful than direct searches.
Phys.Rev.D76:035004,2007 0
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Conclusions

Very rich set of flavor results from Tevatron
- Exploring heavy hadrons

- CP violation

- Rare modes

With increase of samples, not just increase of
precision, but also widening of the scope.

Many unique measurements
Many probes for NP into uncharted territories
Even improving results about old friends B% and B+

Thanks to great accelerator performance, data is
coming fast now.
Exciting news may be around the corner !



