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Prelude
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[1988 = 'fl2008 10 Years of very successful

| — | experimental and theoretical
progresses

5 have strongly constrained
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’ New Physics

effects in the BY and B* sector

.. is there any remaining space to see sizable NP effects in others Heavy Flavor sectors?

I. Bigi, CERN

. NP in general will not obey SM relations be’rweenITheoryInstitute 03

B and B, decays

w [B_ decays a priori independent chapter in nature's book |

on fundamental dynamics
B.(t)— v, yn, ¢d not a repetition of lessons from ,}

By & B, decays! )
e ——

o today: Tevatron, B-factories@Y(5S)
o tomorrow: LHC, SuperB, ...

the actors of this new phase:




Outlme

o Heavy B hadron factories
o Search for new physics in Bs mixing and CPV
o Search for new physics in Rare modes

e Outlook and Conclusions

Note: no time here to cover all the results, for a complete list:
http:/ /www-cdf.fnal.gov
http: / / www-d0.fnal.gov

http:/ /belle kek.ip
S.GIAGU - PICO8 - PG 27.V1.2008 g “mES
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Tevatron
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Peak instantaneous luminosities of 3.2x1032cm2s-1

pp collisions at vs=1.96 TeV

>4 fb! (per experiment) delivered so far

6+8 tb! (per experiment) by end of 2009/10
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Large Heavy Flavor x-sections: o(bb)~50 b
All kind of B hadrons produced: B, B¢, Ay, ...
B hadrons produced with large Lorentz boost

@

Huge total x-section: ~103xo(bb)
<Nuks> ~ 4xB-factories, multiple interactions

Challenge for Detectors, Triggers
and Reconstruction

S.GIAGU - PICO8 - PG 27.VI._R008



CDF and DO
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- Silicon Vertex + Drift Chamber - Solenoid: 2T, weekly reversed polarity
- Displaced Tracks trigger@L2 - Muon Trigger coverage: |nl<2.2

- Muon Trigger coverage: |nl<1 - Excellent Calorimetry and electron ID
- Excellent Momentum Resolution - New LO installed in 2006
- Particle ID TOF and dE/dx

Complementary strengths
SEETEAGH = PICO8-~ PG 7: V12008
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L) | A L
2} §<Y'(4S) CusB PRL54(1985) 377 -
< CLEO PRL 54 (1985) 381

M = (10.865 = 0.0084Cecl
2MBS S ( ) €

FT(5S) — (110 i 13) MeV
Massive enough to produce:
B.B.. B.B, BB

Y(4S) — Y(5S) increasing by 2.7% Epeam
* Eei: 3.500 — 3.595 GeV ) - :
e Ee: 7.996 — 8.211 GeV cavity
e same boost fy=0.425

 same Belle detector/ trigger Q@ e source

fs = (19.5753)% — B production ~ 100K Bs/ fb-1

Belle Coll. , PRL 98, 052001 (2007)




Datasets

Cherenkov

@ 1985 CESR CLEO"‘CUSB ~(007+012) fb_l S \o - detector
e 2003: CESR: CLEO III ~0.42 fb1 r N
e 2005: KEKB: Belle ~1.86 fb1

e 2006: KEKB: Belle ~21.7 b1 EM cald
(Csl

©

clean source of Bs mesons

access of interesting decays hard for hadron machines:
e high trigger efficiency
e sophisticated PID
e access to neutrals (y,m0,n)

TOF counters Detector

smaller number of Bs available
Bs only (no B, b-baryons, ...)
no time dependent CPV Bs analysis: Az~BycTosc ~ 46pum <> 0,~150pum

S.GIAGU - PICO8 - PG 27.V1.2008 Complementarity respect to hadron machines



Search for NP in

~ Bs Mixing. a.nd CPV
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Bs Mixing

PSR EIKE S i L Tt gD PG AN S Tty 5= I S G v b S Vil
Neutral B mesons can spontaneously transform in the Correspondmg antiparticle

- o e ACATATAFAVATLY o S
In the SM generated via AF=2 2nd order b ! Sy 'f"_ b W s,d
weak interactions, dominated by the B sw w2 B B i
s, d f b s,d

exchange of a top quark W

The time evolution of the Bs oscillations is generators of
governed by the Schrodinger equation off-diagonal elements R

4 (|BO)) _

New exotic particles
may run in the loops
mixing sensitive to NI

- Physical eigenstates

= My — My, = 2| M| - NP can significantly affect M12 and ¢s

Three observable: Als =I'y — 'y = 2|T'12| cos ¢s - I'i2 dominated by b—ccs tree-level

¢ = arg (—Mi2/T12) decays is instead insensitive to NP




Amg and | Mz|
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e Bs mixing observed at 50 by CDF in 2006 with CDF Run Il Preliminary L=10fb"
~1fb-! of data

w
o

— combined

N
(S}

— semileptonic

—_
(&)

— hadronic

liIkelihood ratio
N
o

o Am, measured with great precision:

Amg = 17.77 + 0.10(stat) & 0.07(sys) ps~*
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N
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— 0.2060 4 0.0007(exp) 50982 (theor)

S,
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N
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o DO recent update (2.4 fb-1): significance up to 30, S R R
results consistent with CDF Am, [ps]
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Amg = 18.53 £ 0.90(stat) + 0.30(sys) ps~*

—D2 Rynil Preliminary: f Ldt=24 b

o
P R—
® -

. stat error onIy
e extraction of NP contributions is now total error
dominated by theory uncertainty

known @30%
from LQCD

A InL(mln) F -4. 08

8196 210u-0d * 1190 0d

i __ A mF 18 53 + o 93(stat) + o 30(s¥st) ps
N BT B T T e —

short-distance information (i.e. NP) is contained here



New physws and mlxmg pha,se

Bs mixing phase small in the SM = processes dependmg on (i)s very sensitive to

NP contributions S\ NP NP
Ps = Q5 + Ps T~ P

\ ~0.004 rad

o Experimental sensitivity on NP contributions to ¢s comes from two observable:
® Agi: charge asymmetry in Bs semi-leptonic decays: Aspoc tan(ds)
o CKM angle fs: CP violation in Bs—]J /¢ decay:

B? > J/WK¢% B¢ > JJ/¥P¢

L N\

N\ O/ N\ pl /s
B B!

= sin(2p) = sin(2[3,)

In the SM ¢s connected with the phases of CKM 23— 2 5;‘5 M _ ¢é\f P —gbév P
matrix elements = in presence of NP the same \
ﬁSM

:arg{ e, } ~0.02 rad

new physics mixing phase would add to s VosVr

A large CP violation phase in Bs—]/{¢ unequivocal sign of physics beyond the SM
S.GIAGU - PICO8 - PG 27.V1.2008




Ars and Bs via BSQJ/WCI)
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e Max sensitivity to [3s retained in time dependent CP asymmetry
analysis
o similar to BO—]/yK in the B4 system, but:
o B; oscillate much more rapidly
e final state mix of CP-even (L=0,2) and CP-odd (L=1) components
= angular analysis to disentangle the two contributions :

lepton

Analysis flow:

1. Reconstruct decays from stable products:
Bs = J/ W[prw] KK]
B — J/W[prw] K*[K*rr] (control sample)
2. Measure proper decay time:
ct=mp " Lyy/pr
proper time resolution essential to resolve oscillations
3. Measure decay angles in transversity base: 3 _ (g, 6.
4. Identity Bs flavor at production time:
flavor tagging (tag decision &)
5. Perform maximum likelihood fit:
multidimensional likelihood f(m, ct, w, E), 27 parameters




J/Po Signals

MWM“QM" a3 L e - N P . H‘-u“’,*“MW

18]
o
o

D@ , 2.8 fb’ * Data

0 i1 — Total Fit
By = Jly o "' — Prompt Bkg

=N
o
o

(4
o
o

Candidates per 5.0 MeV

Candidates per 2.0 MeV/c’

+ LA 181 .|.l|||ll|
3 ‘\\Q\ TIRT

.

5.3 535 5.4 - 52 53 54 55 56 57 5.8
Mass(J/y ¢) (GeV/c Mass (GeV)

N

o

o
Illlllllllﬁlll

mo

Signal ~2000 in 1.35 fb-! Signal ~2000 in 2.8 fb-1
S/B~ 2 S/B~ 0.5

M signal
— Background

Selection:

DO: “square cuts” event selection (no PID)
CDF: neural network including TOF+dE/dx PID

candi§lates per 0.010

0.4 0.6 038

S.GIAGU - PICOS - PG 27.VI.2008 |




Results: average Bs llfetlme (ﬁs PS>

mwm'.aww Lo doana o i3, 403 PPN 0 SR m"-‘v«.:'v.n

L=1 |

e Data A4 - DO . 2.8 fb1 —
— Fit i 0 — Total Fit

— Signal B, —~Jhy ¢ Total Signal

Background s

CP-even i Mass 5.26 - 5.46 GeV ... CP-even

— Background
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1.52 £0.04 = 0.02 ps 1.53 = 0.06 = 0.01 ps

0.08 & 0.06 & 0.01 ps~* 0.14 £ 0.07100% ps!

World best measurements
consistent with BO lifetime: T(B°) PDGO8 = 1.530+0.009 ps

S.GIAGU - PICO8 - PG 27.VI._R008




Rje SUltS ﬁt fOP ﬁ Q CDF+constr. 68% CL

MWM,M%, O Lo B IR e SV st mesd p AR, ~~.».....-MW /

Results expressed as confidence regions in the Bs—-Als plane

CDF Run Il Preliminary L=1.35 fo’! DO "Flipped"

-+~ SM prediction : - N 1
. N - 90% CL
— 68% C.L. E - DO, 2.8fb 0

—95% C.L. two-fold "~ - Bg I
’ ambiguity 2k
7 related to
CP conserving
strong phases b

5

AM, [ 17.77 ps’

- SM
AT = Al'gy % Icos(q> )I

667 T T080/xa-day * 110D 0
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L b o - . 2B = q> (radian)
2 S
2p_(rad)

strong phases constrained to Bqg—J/PK*
Point estimate:

Modified Feldman Cousin confidence AT, = 0.19+0.0770:92 p5—1

region to include systematic uncertainties

bs = —2B.=-057"55"00; rad

P-value (SM): 0.15 (1.5 o) P-value (SM): 0.066 (1.8 o)

Mild tension with the SM, both experiments in the same direction



Al's and ¢s via Agr,

WWMuQ%" O AT e 2 S N sV e s B AR coan i el
Charge asymmetries in flavor specific decays provide Combmed information
on Ars and (I)S: M2/ 1231

< AT,
SL — Ams

tan(¢s )

Example: private averages

L=135fb"

— 0.6 — s8%cCL.
‘0 - — 95%C.L.
& O4f —+— SM prediction
[_‘ o

< 0.2 :
Asi measurements from both D0 and CDF: 00)
- inclusive like-sign di-muons: 7 i

1

-0.2
Asse = -0.0064+0.0101 D01.0fb!  PRD 74, 092001 (2006)
Assp. = -0.020+0.021+0.016(sys)+0.009(input) CDF 1.6 fb! -0.4

-0.6

A3, constraint

Illlllll

- exclusive semi-leptonic Bs—Dspv decays:

Assr, = [2.4541.9340.35] 102 DO 1.3 tb'! PRL 98, 151801 (2007)

S.GIAGU - PICO8 - PG 27.VI._R008




Al's from Flavor Specific Decays

ok — . > - VAR Ty 5 I SIS SRS Rl g WL st mesd g BiVER ok - . 5, oed PR N S

In flavor specific decays heavy and light states contribute both
50% to the time evolution 1 1+ (%E
- fitting the proper decay time distribution with a single

lifetime provide constraints on Al

New CDF measurement with 1.3 fb-1:

- tully reconstructed Bs—Dsmt decays ALEPH (1996)

+0.14
1.54 *14+°0.04

OPAL (1998)

+0.16
1.5 018+ 0.04

CDF (1999
CDF Run Il Preliminary 1.3 fb” CDF Run Il Preliminary 1.36+0.09 _‘5?35?

: DELPHI (2000)
1.42701+0.03

| DO (2006)
~ Fit Result 1.398 + 0.044 *>9%8

é& Dx PDG 2007
%
t "
i

- partially reconstructed Bs—Dsp, D', ...

® Data

Ty

—
o
N
P

- .,
" -

—— DK+Dp+D*n+B_others 1.41+ 0.04

B »DX, B'»D.X, AX

— BYB*'>D'X
BS_)D(:)K(*)
BS—>D§*’eX
Bq_)D)x I BRSNS SR B A A S
BY_DUK o 06 08 1 12 14 16

— B°—>D§*’n B? Mean Lifetime (ps)

—— AAX :
Ds(sb) .

natorial Better agreement with the

" R w1 I U TS T T T G B 0 \ o
o ’é '"gf}z" *G’J}i 0 005 01 0.15 . . . HQET prediction ts /14 =1.0+0.02
m(B) (GeV) 18

L Bkgd. CDF (Prelim.) D_(¢m)X A
I 1518+ 0.041+ 0.025

Y
o

candidates/10 MeV
Candidates / ( 0.003 cm)

(3]
(=] o
-_hIIII|IIII|II]I|IIII|]III|II




AFS from BseDst

'.QMH ”M&’ 8 et Ve by zwv-.“.. ma* P S

Ry

Assuming the final state Ds()Ds(") mostly CP-even (expected true within few %):

Al's=21T121cosps = Al'cp cosds

1 4 cos ¢
21,

1 — S
21y

 2BR(B, — D{YD{)
1 — BR(B, — DY D)

Al
LI's

SM: ¢ps=

) - 4

NEW DO analysis: 2.8 fb-!:
- one Ds") reconstructed in ¢t

- other in ¢pv (triggered Ds) -

———<

BR(B, — DY) D))
AT,
L'y

0.042 + 0.015(stat) £+ 0.017(sys)

= 0.088 = 0.030 = 0.036 \

dominated by BR(Bs—Dsuv)

\Aleksan et Al.,

Phys. Lett. B316 (1993) 567

Candidates / ( 0.03 GeV/c?)

DO Run II Preliminary (2.8 fb)

3.70

g
S <&
IIIIII|

L -
—
TT{TTTT 1T

N W
[
TTTJTTT]T1T

[y
(—]
TTTTT

R R N W AN SR T N W AN SR ST T N NN ST ST TN W N S ST AT A N S S S
07718 19 20 21 22 23
m(¢,7) (GeV/c?)

n

Candidate
[u—y
TT ﬁl T

DO Run II Preliminary (2.8 fb'")

200

Lovv o by by b o by v by a v by v by a oy

(9.98 0.919 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.07
m(KK) (GeV/c?)




Constra,mt on AFS

NOTE: assume = 0.5 Flavor Specific:
qu:qﬁSSM ' AN N e latest CDF

Flavor-Specific )
(B2 ) ] measurement

not included

Direct
Measurements

BR(B; — D) D)) : Combined - \ Direct:
My average: / J /¢ CDF+DO0
DO + Aleph d

SM: Al's=2 T'121 cosps= 0.096+0.039 ps!
S.GIAGU - PICOS - PG 27.VI.2008 GOOd agreement Wlth SM SO far




UTFit Coll. , hep-ph/0803.0659v1 (2008)

Impact on NP fits

s e sV et 8.2 PRt 0 00 0 e i ATV SRS

10

SM

|

Cezqu < By|HJ;; ™| Bs > :

0
< B,|HZ}|Bs > 10

Amexpr = CAmSM -20

Bsexp — BSSM - q) -30
SM: C=1, &=0 40

) -50
; -60
UT,, inputs:

Amg measurement (CDF) dBs € [-19.945.6]" U [-68.2+4.9]° -70

Lifetime T, (HFAG) uncertainty dominated by .80
AT, and ®_ (CDF and DO) experiments UTfi

IIIIIIIIIIllIlIllIlIIlllIIllI
A5, (CDF and Do) -9(b 1 15 5 _

>30 from SM*

c . J
UT,, constraints: V

Al s=2IT 12lcosf3s
(T12= 0.066+0.039 ) Cps=1.07£0.29

strongly constrained by Am;
uncertainty dominated by LQCD

*NOTE: some approximations used in this analysis
A Tevatron combination is underway — results soon




<I>s- Perspectives

e Assumptions:
® 1o analysis improvements
® same signal yields
same exp. resolution

>
=
B
©
@)
®
<
Al
o
LO

... may be better than that:
more signal (SVT trigger) _
better tagging (underway) assume = 27CDF

04 05 06 07 08

if the “fluctuation” is real and f3s large enough b
Tevatron can discover NI

S.GIAGU - PICOS - PG 27.V1.2008 otherwise LHCD ...



Rare Modes
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Very rare decays Bseu Sy~ ’

o Strategy search for decays

o heavily suppressed in SM (FCNC, GIM), with BF predictions below current experimental
sensitivity = any observed signal would indicate NP

e BF’s can be enhanced by orders of magnitude in new physics models

e Golden mode at Tevatron: Bs—u*u

Standard Model:
BR(Bs—ptw) = (3.42+0.54) 10 (Buras, PLB 566, 115 (2003))

Ex. SUSY MSSM:
- tan®s BR(Bs—pp) « (tanf3)® ~ up to x102 SM
CDF limit (2 fb1):
BR(Bs—pu) < 4.7-108 @90% C.L.
BR(Ba—up) < 1.5-10® @90% C.L.

Search strategy @Tevatron:

- blind optimization using signal MC and sideband data
- multivariate analysis techniques: LHR, NN

- normalize to the high statistic mode B*—] / yK*

DO limit (2 tb1):
- BG: combinatorics, B—hh’ imit ( )

BR(Bs—pp) < 7.3-108 @90% C.L.

= (8002) COSTOL ‘001 Tdd * 1190 4dD

Most stringent limits to date

N



Impa,ot on NP a,nd Prospects

! SO(lO) GUT

95% CL Limits on B(B — uu)

9/07/07
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mSUGRA at tan g = S0
Avrnowitt, Dutta, et al., PLLB 538 (2002) 121
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New Physics [ |
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Just released: Bs— e'|r/e’e €

MWM“‘“” Lo doana o i3, 403 PPN et s e Mwu“',,ﬁm

Bs/Ba—eu: ~forbidden in the SM BR <1015, NP (LFV medlated by LQ, RPV SUSY, ED)

CRE.Run JLpreliminany. ( 2f5) .oeeeeennninneeannnnn. .
b . e (1) 7 F BB >en) <2.0(26)x107 @9095)%CL. | :
g O;w - M_o(B? -> ey) > 47.7(44.6) TeV/c? @ 90(95)% C.L|
S 1 . B | osucL “r G VAIBRSE, 'S, WillnBrock, PRO 506843 (1994)" °
W) L Feee with: 1(B_) =1.437 +0.031 ps
B ->pe e o
107 — F(Bs) =0.200 *=0.035 GeV
New CDF search: 2fb"! I
- selected by the same trigger as B—hh decays | il ly
- e-ID based on em-calorimetry and dE/dx R U Myo(B° > ey) [ToVIc’)
& ' 0
normahzed tO B %Kﬂ 20 CDF RUN Il Preliminary ( 2 fo )
o - Bolev.obs. 5 5 0.81+0.63 exp.
CDF new world best limits (2 fb1): 25-By:2ev.obs. £ 5 0.94+0.63 exp.
BR(BS%eM) < 2.0.10_7 @90% C.L. o 2.0:— % %
> - O}
2 2 T o9
MLQ >47.4 TeV/C @90 C.L. § 1.5~ Sideband @ @ Sideband
BR(Bg—ep) < 6.4-108 @90% C.L. s F : ‘
BR(Bs—ee) <2.8:107 @90% C.L. -
0.5
BR(Bg—ee) < 8.3-10® @90% C.L. -
0'2.8 - I4.19I - 5.10 - I5.1I - 5.12I I l5.13I - 5.I4I - 5.15I . l5.I€5I - I5.|7I - I5.8
S.GIAGU - PICO8 - PG 27.V1.2008 M(e u*) GeVic’ 26




Radiative Bs rare deca,ys at Belle

e L T e e Ittt e Lt g S e e ; T il
e b—sy penguin diagrams sensitive to contributions from new heavy exotic particles
running in the loops
SM
Y

e Golden modes:

o Bo—¢y (SM BR ~ 4x10)
o Bs—vy (SM BR ~0.5x10-%, NP (RPV SUSY, 4th quark gen., ...) BR ~5x10-%)

o Clean environment and superior photon-ID make these searches a perfect By
physics topic for B-factories running at Y(55)

Standard B-factory analysis technique: S04 - B -dvy
; . signal MC
Mbc \/(Egeym)Q (pgéw)

AE EC g

Main background: continuum e*e-—ut,dd,ss,cc
controlled by using Fox-Wolframs moments 0311 1

e'e—>qq: jet-like shape 53 '5.32 5.34 5.36 5.35 5.4 5.42 5.4
ete—Y(5S):  spherical shape M, (GeV/c?)




Results: Bs—~o¢y/vy

MWM'M%" M ERRIE Y e IV sV mes AR,

B.—

s S

BB Y

first observation of a Bs radiative

penguin decay
1846 events, 5.50 significance
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Events / ( 0.01 GeV/c?)

A consistent with SM

3 5.32 5.34 5.36 538 5.4 5.42 5.44 04 0302-01 0 010203 04 /
2
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Bas/Ap—hh' decays
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CDF Run Il Preliminary L_=11b" * CDF has unique access to fully hadronic two-body

[ ] B - Kn* +EZ - K'n
B A pr+ Ay - Bt

0 T i Vas
:] A, = pK+A, = PK
[:] Combinatorial backg.

related by SU(2) and SU(3)

Experimental challenge:

- Three-body B decays
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Ba,s—hh" and Ay—pK/pm decays

Bs—KK observed for the first time with 180 pb-!

B° - K'n

- B - K - x X

&8 - KK - penguin quark-level diagrams contribute — NP
L - partial rates and asymmetries among various modes

- Disentangling different contributions: kinematics + PID

Invariant tr-mass[GeV/c?] | With 1 fb'l: A,—pK/pmr observed, Acp(B%—Km) measured
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BR(Ap—pK) = (5.0+£0.7+1.0) 10-
BR(Ap—pm) = (3.1+0.6+0.7) 106

(SM BR ~1+2x10-%)
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Invariant nn-mass [GeV/c?]

with same precision as in B-factories
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: -0.040+ 0.160 + 0.020
.
BaBar —e— E -0.108 + 0.024 + 0.008
Belle o i -0.093+0.018 + 0.008
.
E -0.086+ 0.023+ 0.009
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s/ Ab DlI’eCt CPV

Bs—K*tm and AbepK /prc self-tagging modes
o B;—Knm offers a robust test of the SM as a origin of DCPV

Gronau, Rosner ,Lipkin

B =K 7)) -I'B* - K77 )=T(B? - K ") -T'(BY - K*tn")

BR(B — K*7n~) 7(B) 5707
~ 377

BR(B? — KWL)‘T(y'

CDF (1 fb1): Acp (Bs—Km) =0.39 £0.15 + 0.08
(~2.50 from zero)

Acp(BY - K 7nt) = —Acp(BY — Ktn7)

o Apv—pK/pm quark level diagrams equivalent to Bq—nK/mm

o useful to test if large B4—=Kmn DCPV is due to NP in mixing
(Ap doesn’t mix)

Acp (Ab—pK) =0.37 £0.17 £0.03  (SM Ap—pK: ~O(10+30%))
Acr (Ap—pm) =0.03 +0.17 +0.05

... will become very interesting with more statistic
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SUIMIMary
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o Tevatron experiments have Clearly demonstrated that precision
Heavy Flavor physics at an hadron machine is a reality

¢ a wide array of unique measurements
e many probes for new physics into uncharted territories

¢ mild tension with SM in sin(2f3s), currently statistically limited

o Complementary interesting results from e*e- colliders @Y'(5S)

We are in the enviable position of having at the same time a large
portion of the heavy B hadron sector to explore and all the tools
that are needed to perform this exploration ready ...

no doubts these are exciting times for Heavy Flavor physics ...
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