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Executive Summary |

e B physics
> Quantitative tests of SM — overconstraining ‘the’ unitarity triangle
> Search for new physics — ‘delayed gratification’
> Flood of data and new ideas — spin-offs

e Time-dependent and CP-violating physics

> CP-violation by B-factories

B = 2077130 a=100240° y=627%°
B = [ in b—s penguins(?), a+pf+~v= 186+38 o
direct CP—violation in BY — K17~

> B, mixing measured by CDF

Am, = 17.31703%(stat) &+ 0.07(syst) ps—*

Vidl

V.| = 02085500 (exp) Zang (theo)
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Cabibbo-Kobayashi-Maskawa Matrix

e Weak interactions of quarks u c t
> mass eigenstates #* weak eigenstates - cen | Lo
> flavor-changing quark decays IW IW IW

i = u,c,t
G = d S b
W down strange beauty
Vij -
q; = d7 §) b

e Mixing described by complex unitary CKM matrix:

Vud Vus Vub I — %2 A A>‘3(p o “7)
Verm = Vea Ves Vo | = )\ _ A; A2
Vie Vis Vi AN(1—p—in) —AN 1

e Wolfenstein parametrization (to O(\), A\ =sinfo ~ 0.22)
> illustrates hierarchical structure
> describes all flavor changing quark transitions in SM

> 1 is the only source for CP violation in SM (in quark sector)

Urs Langenegger B Physics and Quarkonia (2006/07/20, Zuoz PSI Summerschool) 2



‘The’ Unitarity Triangle

e Unitarity of CKM matrix implies
ViaVup + VeaVe + ViaVip =

0 _
B VedVi B - n'n/p'p”
b = arg(_thVt}'Z) T (p.M)
_ ViV Yag Yy
v = arg(- Vcdvz) Ved Voo
ViaVis
a = arg(——Ltb)
VUdVJb
(0,0) (1,0) .
= =07 B* - DK* B® - J/WKq /0Ke
e Access to Unitarity Triangle
> CP violating asymmetries — angles
> tree-level weak decays — sides
> Bg s oscillations and loop-induced FCNC — sides

+ theory (models) and lattice QCD!
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The Dream

*
Vud ub

\

C

(0,0) (1,0) .
B* - DK* B® - J/WKg /0Kq

Flavor physics is about overconstraining the Unitarity Triangle
Comparison of experiment to clean theoretical expectations

>

> Same angle in different decays? B" — J/¢Y K% < B" — ¢K

> o+ 34 v = 1807

> Sides vs. angles

> Same sides in different processes? B’ — K*)/py <= B, oscillations

— ‘See’ New Physics before the LHC!
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Characteristics of b-Mesons

e h-hadron contents/naming convention:

B = [bd) BY = |bd)
B = [bu) B~ = |ba)
Bs) = |bs) By = |bs)
e Key numbers
Characteristics Units BT BY B Remarks
Mass MeV 5279.0 £ 0.5 5279.4 £+ 0.5 5367.5 & 1.8 hard scale: theory, p |
Lifetime ps 1.638 &= 0.011 | 1.530 £ 0.009 | 1.466 £ 0.059 | secondary vertices
cT ©m 491 459 439 measureable if G~ big
Hadronization % 39.8 £ 1.1 39.8 £ 1.1 10.4 + 1.3 b-baryons: 9.9 + 2.0

e Decay features

> Enormous number of decay channels
> Decays: hadronic, leptonic, semileptonic

> Decay products allow (often) distinction
‘flavor tagging’

between b or b:
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Nomenclature

Decays

e Hadronic e Semileptonic e Penguin e Leptonic

7/ 7 W
b—©%—8—c/u b__o ¢ Sd b—s -- I+
AN e e

p— d _W_ I
Decay reconstruction

e Exclusive e Inclusive e Partial

p@

v
L P @
(@D ¥ (ED

AW Q[ ~i;'~,:
&g
o 2 908
g AR
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Penguins??

e The aftermath of bad habits
> betting
> substance abuse
> working late at night W

and the combination is

d d

QUID LICET IOVIS, NON LICET BOVIS
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Experimental Remarks

e Reconstruction of particle momentum and energy
> charged — tracking detectors

> neutrals — calorimeters
> decay vertices — silicon vertex detectors
> neutrinos — 47 detectors

e Particle identification (S
> All do leptons: B(B — X/7) ~ 10%
(note: ¢ € {e, u}; average, not sum!) |

>~ ECAL + tracker: Electrons
> Flux return: Muons
> Cherenkov detectors: K /7 separation

> Time-of-flight detectors: K /m separation

e Quantitative understanding of performance
> maximal purity and resolution

> optimal efficiency vs. misidentification
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Production of b-Hadrons

e Hadron colliders
> hadronization — all types

e Electron machines: Z decays
> hadronization — all types

> B(Z — bb) = 15%

s

e Electron machines: 17°(4S) decays
> B(Y(4S) — BB) ~ 100%

B=BY/B*

B=B9/B-

Gluon-gluon fusion
g b
g::E b

Gluon splitting
g

9

O |

Flavor excitation
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The colliders

- Stanford Linear Accelerator Center

LHC
Vs =14TeV
LEP
Vs =091...
209 GeV

KEKB
\/g — Mr4S)

Tevatron
Vs =2TeV
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b Production Cross-sections

e Colliders: Approximate production cross-sections for bb quarks

Collider NE) o (bd) C S/B  b-types Notes

[GeV] [nb] [fb~1]
HERA P 200 20 0.1 1073 all QCD only
Tevatron pp 2000 50x10° 1—10 107 all Trigger: ¢, m,V
LHC pp 14000 500 x 10° 2 —100 1072 all Trigger: ¢. LHCb
SLC/LEP ete” 91.2 6 0.1 0.20 all 45 GeV: boost!
B factories efe” 10.58 1 > 500 0.25 Bt , B’ entangled

e LHCb’s corner:

bb correlation

Urs Langenegger
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Advantages and Constraints

e Hadron machines

_|_

+ hadronization: all flavors, but not mono-energetic

e Electron machines at 7°(4S5)

+ + +

e KEK-B is outstanding
> 7(55): 1.9fb™" in 2.5 days! ”
> 7(35): 3fb~" recently! Energy Scan

production cross section

trigger (hadronic decays channels)
competition for bandwidth . ..
Particle ID

well-defined initial state

entangled state

neutrals!
S/B

Beam Current [A]

cross section
only B’ and B™

Lun [%] Luminosity [fnb/sec]

Spec.
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Reminder on Neutral Meson Mixing

e Multiple Bases
> Strong interaction creates quarks in flavor eigenstates

> Time evolution given by mass elgenstates
> weak interaction: vt;yo t 0vﬂo

ENENOE

Vib t Vig

> Box diagrams induce mixing of M" « MO,M0 c {KO,DO,BO,BS}

e Consider initial superposition of M and M?

Wt =0)) = a(0)|M")+b(0)M")
will evolve into
() = a(t)|M") + b(t)|M") +c1(t)£%+c2(t) ¥3>Z+

> Weisskopf-Wigner approximation
(time scales > strong interaction times)

T
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Effective Hamiltonian

e Time evolution
a(8) = m(8)=0n-30) ()

> Hamiltonian H is not hermitian (decays), but M = M'" and ' =I''
> M off-shell (dispersive) intermediate states
> I' on-shell (absorptive) intermediate states

- < (MO|H|MP) (M| H|N°) ) _ ( M- My — 4T )

(MP|H|M?) (M°|H|M") My — 3T, M —3

e Eigenvectors of H have well defined masses and decays widths

[My) = p|M") —q|M") Am = mpg— my x= Am/T
M) = p|M°)+q/M") | AT =Ty-Ty y= AI'/(2I)
wg = mpg— (i/2)Tx ' =Tg+T5)/2 m= (mg+mp)/2
wr, = myp— (i/2)T1 Yo =tmyg+Dp/2 vy = imp+Ip/2
Note: Amp > 0, Al >0
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Time-dependence

e Time evolution is trivial in mass basis
My (t)) = e H|My(0)) = e "™H"3THY M (0))

My(t)) = e HML(0)) = e HTEE M (0))

e Time evolution for flavor eigenstates more complicated
> Initially pure flavor eigenstates evolve as | phys( )) and |Mphys( )):

v, @ = {10 (7 ) = Dy (e - o))

o, () = % {|MO> (e_vht + e_wt) — §|MO> (e_Vht _ e—vﬁ) }

> Time-dependent probability to observe M° after M°(t = 0)

2

_ 1
P(M° — M%¢t) = = {(M°|Y,,0 (@) = 1 4 {e_rht +e 1t —2e7 M Cos(Amt)}
phys p
1 1p]2
P(M° — M%) = [(M°|,,0 ()] = 1 P {e_th +e g2 cos(Amt)}
phys q
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[1] PRL 94, 101803
[2] DO conf note 5052

Time-dependent Asymmetries

e Time-dependent flavor asymmetry:

P(M° — MY t) — P(M° — M%)
P(M°® — MO:t) + P(M° — MO: )
cos(Amt) + (|p|* — [g|*) cosh(%51)
cosh(85) + (|p|? — |¢[2) cos(Amt)

A(t) =

e Simplifications in the B systems

> BY and B,: CP violation in mixing small — |¢/p| =1
(HFAG: |q/p| = 1.0013 = 0.0034)

> BY: I=Ty=Ty
(D0: AT, = 0.15 £ 0.1070 03 ps~", CDF: ATy = 0.47 1)) £0.01ps™')

— Asymmetry
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[llustration

e [3,; system

e B, system

14
| Am=0.5 ps'1
0.8 Unmixed
1 Mixed
0.6;
0.4-
0.2
.
0
14\
] n Am=17.0ps"
0.84| Unmixed
] ﬂ Mixed
0.6- ﬂﬂ
0.4-] '
0.2-
Ml
0 3 4 5
At [ps]

-0.24
0.4
0.6

-0.8-]

-0.2
04

-0.6

i)

0.8
0.6
0.4

0.2

0.8
0.6
0.4

021
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[Lllustration ||

K
1/I's = 89.3 ps

Am g

Amy ~ 5.3ns™!
ﬂF;{/?PK ~ —1

Amp /T =~ 0.945
K}
M /Ty = 51.7ns

AN

Amg ~ 0.5ps™!
1‘/;1_‘,{ = 1.56[}&3
|Al|/2; < 1

Amy/Ty =~ 0.75

-10 -5 0 5 E [ns"] I 0 X g [ps"]
Amp ~ 0 ~ Am,
0 70 5]
m F Amp < 0.2ps™ By B, I Amg > 14ps™!
1/Tp = 0.415ps 1/T, = 1.47ps
f {
| L .
/ Amp/Tp < 0.09 ’ SHA A /T ~ 20 — 40
_d_,---""-‘ H""‘-a.__
5 0 s 0 5 10

-1
E[ps ]

15 E lP"-I]
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Time-dependent Decay Rates

e Decay amplitudes
> Ay = (f|H|M), A= (f|H|M), A;=(fIH|M), A= (f[H|M),

A : : .
A =21 — interference in decays w/ and w/o mixing
pAf

e Back to general case (no requirements |¢/p| =1, I'y, =T'gy)

dT'(M° — f;t)At
e—Fth

= (145 + 194, ) cosnure) + (14,17 = 12,17 ) cos(aT

+2R {EA;ZJ} sinh(yI't) — 2 {EA;Zf} sin(xI't)
p p

and similar for dI'(M° — f;t)/dt and dI'(M°, M° — f;t)/dt

e Terms
> o |Ag]? and o< |Ag|? decays without net oscillation
> o [2A5]* and oc [PAf? decays after net oscillation
> o sinh(yI't) and o sin(xI't) interference between the two
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Time-dependent CP-asymmetry

e Decay amplitudes are functions of phase space variables
> Dalitz plot interference

e The asymmetry in decay to common final state

Ay (1) — F(f\:f?)hys — fop;t) = T(Mp,,, — fcp;t)
Jer P(Mghys — fCP; t) T F(Mghys — fCP; t)

= Sysin(Amt) — Cy cos(Amt)

where (assuming AI' =0 and |q/p| = 1)

1= g
EDYE RN ENPWE

_q Ay
and \p=2121
= p A

e For fop a CP-eigenstate and with one weak phase dominating
> Asymmetry A;., measures weak phase cleanly

> Asymmetry A;., = nCPAch where ncp is CP-eigenvalue of f

— Ct.p =0, St.p=S{ As,pt =sin(arg A, )
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3 x CP Violation

¢ Decaya aka ‘direct’ B>f Weak phase difference:  y
> ‘Af/Af‘ £ 1 Strong phase difference:
where A; amplitude for B’ — f A: 2+,Y
> Example: B — Ktn= Ll
e Mixing
> la/pl # 1

where |B1 >= ¢|B" > £p|B" >)
> Example: KV — 77~

e Interference of decay and mixing A

> S() £ 0,0 = (9) x (%)
> Example: Time-dependent CP asymmetries at B factories

e Beauty beats strangeness for the study of CP violation
> Many more decay modes

> Smaller theoretical uncertainties
> CP violation larger
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The Golden Channel

e CP asymmetries in B — J/¢ K" and B? — J/¢y K"
> Decay dominated by one weak phase
> Subleading decay with same weak phase

> common final state only with K°K° mixing

q VeV q
s = 7 (5) (53) (5)
RS L p) g \VaVes P/ k

C(ViVid (VaVEN VeV
BERRNTATEY AN AN

R
— Sy =mnssin2f
b P c a @ © c
Veo IV V. Ve e IV
B’ -< 8" <
Ves s — \V Viy Vs s
— >0 tb td 0
d aKk b aK
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‘Pure Gold’

e Produce many 7°(4S) — BB’ decays in entangled state
e Determine, at time t;, B” or B" in event as ‘tag’

e Measure time difference to decay of other B" (or BY)
into CP eigenstate, e.g. B — J/¢YK{

e Compare B" and B’ — time-dependent CP asymmetry

Bl X

tag

Btag g0

/

e — = Y(4s) —= o+

> 20

N
e
=
Entries / 0.6 ps

/‘$

Bep | BYt,)

cP

eigenstate
AZ ~ 250um

<
-
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Experimental Heaven (close enough)

RS N
b b

=1
%o

x| ‘:ﬁ

8.42191
ics a

Fun: 42532
',
Date Taken: Wed Jan ¥ 22:44:38. S000 2004 PST /
5, , RV A e Bl e —
994 GeV, LER: 3.110 GeV l' ‘\
& 1N 2l
g B Ph nd Sl Summ

S Quarkonia (2006,/07/20, Zuoz P. erschool)



The T (45)

e Experimentally 7'(45) — B°B excellent source of B’ mesons

p 3 B=B/E
N e d/u

EIS & T(2S) ¢ .

too P 6 o d/u
2 IR o Y(49) S
o0 M st o B=BO/B-

Sai o6 w100 10m 103 105 loss  ioe B%:B*~1:1
Mass (GeV/c”) = c.m.s. energy

e Hadronic cross sections e Threshold production

at /s =10.58GeV: > m(T(45)) = 10.58 GeV

3 o[nb] > final state
2 X mp =2 X 5.279 GeV
) = 10.558 GeV

cCoOnoT

e Fixed B momentum (7°(4S5) cms)
pp = 0.34 GeV
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Time at 7' (45)

_ = __ 51
e cte” — 1(45) — BBY (JF“ =177) . e
. - “"“‘ T i
> C-odd (two pseudoscalars in P-wave) < e
. . . _g*-" L=1 =L
> anti-symmetric wavefunction L N
" = ) — Ul

for BB state:
‘T(4S) — BOBO> ~ ’BO’p*HBO, _p*> T ’BO’p*>|BO7 _p*>

e Coupled time-evolution of entangled state
> Einstein-Podolski-Rosen

e Mixing/oscillation in (anti-)phase B, 5 &k n
- ag B éég
> no BY BY or BY BY
_ ot g — e Y(4s) —=— gt y
e Once B; decays, e.g. By —» D"/~ \/*47
> specific flavor-tagging state Brlav| B°(t,) D" ﬁ
> flavor of B, is fixed to B at that moment T Flavor
> time evolution of B, starts as described L Cgenstate

> decay time difference At is relevant

e Signed quantity At
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Mixing at 7°(45)

o At time t =t¢;: First B decay, e.q., B' — D* (v
— Second B meson is B

valt) = |BY) {7 et} By Lot it

e Function of At only — also in asymmetry

2- 14
.81 unmixed A ] Asymmetry
.64 mixed 0]
1.4
1.2-5 :
1] 0
0.8 ]
0.5
14
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Time-independent Measurements

e At is algebraic quantity — for time-integrated measurements:
> At-even quantities are non-zero

> At-odd quantities are zero
(for finite integration range)

e Flavor-mixing is At-even

Gmin(AL) ~ cos(AmAt) .

e CP-asymmetries are At-odd

0.6

acp(At) ~ sin(AmAt) ", -

0.6

0.4 -0.2

(for golden channels, at least)

] 0.4
0.2

= Time-dependent measurements |

-0.6
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Time-dependent 7°(4S) decays

e Essential ingredients for time-dependent measurements
> Tracking — B reconstruction

> Vertexing — Az =~ AtSy
> Particle identification — tagging

| /_; e,K,u
Btag g0

/

e — Y(4§) el e+

—&
<Y
Bflav) BO(t,) . <K

Flavor
eigenstate

|—P

At
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SLAC: BABAR and PEP-II

e Head-on collisions (no crossing angle)
et (3.1GeV) | | ; - '
e ELNsl 2 Sianford Linear Accelerator Center

e 2 rings

e Data-taking
efficiency
> 99%!

o ~ lOBB/S

PEP-11
Rings ™.

Positrons

Low Energy Ring
BABAR Detector
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KEKB and Belle

e KEK-B vastly outperforms PEP-II

> Belle is only slowly starting to exploit this

33 —2 —1
> ]. 6 . 5 2 X 1 O cm S Offline+Online Luminosity (pb'f) (/day) 2006/07/67 67.25
- 1 Oon FesaRARC e, OfF FesanRaRee, enel £edn
D 6 2 9 fb T T T _I__ T T I T T T -I T T I ’I I- T -’tl?- T T : I|:I T Tm' T T

1400 [T

1200 |

1600 [

800

600 [

00

200 |

Offline+Online Luminosity (pb" ) {iday)

o &

—  alf data, —  OR resoRance, —  gffresenance, energy scan

P K
6600 [ T

5000 [ e ——

4000 [— S S —

3600 e ——

2000 [ e A e e -

Integrated Luminosity (pb™)

1000 | e

0 L ] I L | | ) ) i ; I L
5/5/1999 372172001 25572003 127222004 11/8/2006
Belle log total : 629989 pb™ Date

raninfe verd 56 Exod Rand - Exe33 Ran272 BELLE LEVEL Iatest: day is aot 24 hears
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The BABAR Detector

Cherenkov detector
(DIRC)

1.5T Solenoid

Instrumented Flux Return
(IFR)

Electromagnetic Calorimeter

(EMC)

Silicon Vertex Tracker
(SVT)

Drift Chamber

(DCH)

Urs Langenegger B Physics and Quarkonia (2006/07/20, Zuoz PSI Summerschool)
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B reconstruction

e Make use of
> precisely known beam energies

> no hadronization: Ep = Eyg)/2
(in 7(4S) restframe) e

e Reconstruction of B mesons e+
> lab: pp = (F,p)

> cms: ph = (E*,p*)
(boost into restframe)

e Two analysis variables e Error propagation
2
1 D7 1
Mes = \/Ebeam _pB UflanS - 103/54- (mBB> 0-12)*%10-3/5
AFE = Ebeam ) 1 ) 5 5

e Limitations

> mps: beam energy spread (E;. . =./s/2)
> AFE: energy measurement (tracking)
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Events / 2.5 MeV/c?2

mpg and AFE

e Resolutions

> mgg: 2.5 — 3 MeV

> AFE: ~ 10 —

e mprs background: phenomenological parametrization (‘ARGUS’)
dAN/dm o< m\/1 — (m2?/E? ) x exp|a(l

40 MeV depending on n_o in final state

— (m*/Efeqm))]

Control
Sample

, B Dt

400
= }‘} " BABAR
4001~ 00 |
_ 5 |
-
300[— ..f.
200— :_:
jab]
100—
@
0 1 1 1 1 1 1 1
5.2 5.22 5.24 5.26

Urs Langenegger

B Physics and Quarkonia (2006/07/20, Zuoz PSI Summerschool)

34




mprps and AFE |l

T JNELEERE Signal Region :

“t100 | Mes | -

S ; |me; AE] :[m5i3crmﬁ,0i3aﬁg]
80 - 1
“ g ] Sideband Region :
Wl ] Defined outside signal region in

order to estimate backgrounds

%- 20 [ .
s op et A
=100 -: - . . E
so - reglon .4 | 2 '
25;_ " _ \ - II; i
] - ;
-152_ ; : III; _:
50 £ . T E
S srdeband& E '
100 & _ : ‘_
Sil."luil'lllilialllﬁiéilﬁllﬁ IEI 10103[]405[]6[]708090

Mme [GeV/c?]
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Time Measurement: Vertexing

e Reconstruct B,.., and its decay vertex from /
B
> daughters reco.

e Reconstruct By,, direction from
> B,eeo, Vertex and momentum D —
> beam spot 0
> 17 (4S5) momentum (pseudotrack) 0

e Reconstruct B;,, vertex from
> Pseudotrack

> Other consistent tracks e Performance

e Convert Az —At = Az/fB~c > Tracks: o;p ~ 30 um

Beamspot: ops ~ (150,5,10%) um
Brecot 0 ~ 65 um

Biag: 05 ~ 110 um

Az: 0, ~ 180 um
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Tagging

e Tagging: flavor of ‘other’ B

> and by coherence: ‘this’ B too (strictly!)

e Exploit charge correlatlons
> Primary leptons

> Kaons from charm decays "> \> \>
> soft/fast pions \ S x, PN

TC+

e Combine with neural networks, categories in terms of
> physics (BABAR) and NN output (Belle) T

« Performance gy
> @ = 30.5%
> phenomenal compared to hadron machines:
> CDF and LHCb: 1 ~ 4%

e Tagging at Hadron colliders
> same-side vs. opposite-side

> jet charge, kaons,

By, events/0.05

Urs Langenegger
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Tagging Performance

£(%) (%) Q(%)
86:01 32:04 DEEEEE
109+01 46+05 [RGB
171401 156405  8.1%0.2
137401 237:06 [EEEE
145401 339+06  1.7+0.1
10.0+01 411+08  0.3%0.1
74.9+0.2 30.5:0.4

e The figure of merit
Q=c¢c(l—-2w)*=eD?
Mistag probability w

- _ R-W __
Dilution D = v = 1 — 2w

® Ameas =D X Atrue
> by definition of the dilution

e Statistical error on asymmetry

1 — D2A?
U(Atrue) _ \/ true

eD?N

N is the total number of events
> numerator is effective statistics of sample
> equivalent to perfectly tagged
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Experimental

Imperfections

e B-factories

perfect
flavor tagging
&
time resolution

unmixed

3]
4
a2 e ~N\.mixed
, :E."F--i g Jr'z' T2 h"r;_-
At ps
realistic

12
1

mis-tagging probability
&

unmixed

=

finite time resolution

=2 N & o W

At
e Mistagging will reduce amplitude

ps

e LEP/Tevatron

£ o erfect - finite |
Eooe Jiume £ time
5 ooe ‘[{resolution §° resolution /i |
0014 0.005 - ’r-E II".I
LEP/CDF ot A
1
0.004 i 0002} ]
st resolution 3 :
szt fUNCLION ) o I -
8 -4 0 4 8 8 4 0 4 8
B Decay Time (ps) B Decay Time (ps)
g ool perfect G ooms] finite
£ | time £ F tl_mef ;
£ ooos] /1 resolution ﬁ“‘“:resclutmﬁ, '

0.3

B Factories

Oond—

0002

|
IJ
C i
000 [— /
0001 /
™ 1

2
g
- —
.,-"""-‘-FH_—FF

_3

—4 0 4 8
B Decay Time Difference (ps)

—4 0 4 8
B Decay Time Difference (ps)

e Time resolution less a problem for By
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The principle

e Time-dependent mixing and CP analyses similar
> mixed vs. unmixed

> BY vs. BY
o e, K,
Btag BO
e~ = Y(4s) —= ot -
/“ ~ + J /¥
S0 +
Bep | BYt,) S
— e )
CP
~ 1 eigenstate
Az ~ 250um

Urs Langenegger B Physics and Quarkonia (2006/07/20, Zuoz PSI Summerschool)
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The latest BABAR Measurement

o Luminosity: ca. 210fb™", Nzz = 227 x 10°

e Excellent reconstruction
> Leptons
> small (total) branching fractions

J¥ K, ¥(2s) K, , X, K, n. K,

1000 BABAR
(cc) K (n.p=-1 modes)

500

i ..-.--.Ih."llh
5.26 528
meg [GeV]

400

300

200

100

Mode B
B — J/YKg | 4.2 x 1071
J/p — £~ | 5.9 x 1072
Kg —ntnr™ | 69 x 1072
I K,
| BABAR
:wa K, signal
| J/w X background

o
-20 -10 O 10

INon-J/y background

20 30 40 50 60
AE [MeV]
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Channel N(Tag) Punty | nee sin(2p)

ReSUltS JIFK_(m+7-) 2751 96% | -1 |o079+005
JITK_(1°7°) 653 88% | -1 |o065:013
W(S)K_(1+7-) 485 87% | -1 |o0872014

e Calibration measurement K ) = e e
n.K () 287 74% | 1 [o0172025

sin28 = 0.722 + 0.040 + 0.023 L b =il
JATK™ 572 77% | +05 | 0.96:032
o
g = 23.1x1.6=x=0.9 JTK, 2788 | 56% | +1 | 057+009
126 Total 7730 | 78%
Bexkym = 24.477:°

~ B { - L

g . i, BABAR g, BABAR

- 200 . tags %

= L S 200

~ B tags ~

= 2

= =

o v

> >

= =

[ —l—_[_,_ |
- R SETES =

—

—

=
th
I

Raw asymmetry
=)
= th
|
Raw asymmetry
=)
th

=
tn

= =

] L L " " 1 i i i " 1 " " M " L N L i M 1 M i A M 1

5 -5 0
At [ps]
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3. Penguins and New Physics

e ‘New Physics’ in CP violation
> Loop diagrams: SM suppressed

> Sensitive to heavy particles
> Loop diagrams leading order: b — s penguins

e Golden vs. penguin modes
> b— ccs: T (suppressed P, with equal weak phase)

> b— s: P (suppressed T, not same weak phase,
not all P with same weak phase)

e Uncertain ‘tree pollution’ major problem
> O(%): B — ¢Kg, B' - KK~ Kg
> O(10%): B — 0/, foKs
> O(20%): BY — 7Y, p wKg

e Analysis proceeds as for golden modes
> More ¢gq continuum background (no leptons)

> PID more challenging (high-momentum K ID)
> Smaller statistics (B 20x smaller)

b C
A"
— c
B° <
S -0
d aK
s
y
S
b S
BY K°

ol
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Background Reduction

e BB events ‘more’ spherical than continuum
> B decays at rest

> Continuum events: ete™ — ¢q(q = u,d, s, ¢)
> Severe background for final states without leptons

e Analysis possibilities “‘event shape’
> Fox-Wolfram moment R, = Hy/H,
with Hy = =, |l Pu(cos ag) /s
> Thrust (-axis), |T'| = max ., p; - T/|p;
| cos Z(TB, TroE)| < 0.8

> Sphericity, ‘energy flow’ in cones around B, ...

200

1 1200, 2 k £ 22007
g 1000jj Signal MC g 2500D Signal MC i';2000- @
: 2000} £ 18007
% 8OOD Background MC % D Background MC & 16001 9 cones
I = 15001 14004
£ 600- 2 i 12004 10°
< L < 10001 10004
400 L g i 8001
: g 600
200:* 500: 100 TB
oLt i s o iz 200 |
05 06 07 08 09 1 0 02 04 06 08 1 B R P SR S
ITI cos 6y 204 06 08
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b — s Penguin: B" — ¢Kj

hep-ex/0507037

e Reconstruction more difficult
> Kaons instead of leptons

> ¢ lighter than J/¢
— ¢ faster — vertexing less precise

e Belle 386MB

Syxo = +0.4440.27+0.05
Cyxo = —0.14+0.17 +0.07

e Difference to golden modes?
AS =sin 28k, — sin 284k
> Naive loop/tree suppression:
AS ~ 0.06 +0.77

> Flavor SU(3):
AS < 0.22

> QCD factorization:
AS ~ 0.025 £ 0.014 (?)

Entries / 0.0025 Gev/ic®
nN W & 0O~ O O
o o o o o o o O O

-
(=]
T

Pt

522 524 5.2162 5.28
M, . (GeVic?)

T

o

0
- B —>ng

. O
- o o w1 =
T T T

ot
(8] —
L

Raw Asymmetry
o

o
[
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cés Vs. b — s Penguins

e Naive b — s penguin average of modes with smallest oy,

sin(2B")/si (?<l>eff EIe

> gbKO, n/KO7 KOKOKO

— sin 28,4 = 0.50 + 0.06
b—>ccs World Averdge : o 0.69 +0.03
. ., BaBar I = 050 £0.25 397
e 2.20 from charmonium X Belle , : lokedl | 0.44£0.27£0.05
. T Average i Bl i 047 £0.19
> Had been much more exciting |[¢ ~ BaBar il 086£0.13£003
last : Belle : i = @ 0.62+0.12+0.04
ast year, 5. Average . | . 0.50+0.09
the year before, ,», BaBar Tk~ 0.957053 4010
X Belle : : < | 0.47+0.36+0.08
.+~ Average N = 0.75 + 0.24
xm """" BaBar e 0.35 %333+ 0.04
Belle : e 0.22+0.47 +0.08
e Errors T & év%rage 5 § 0.31+0.26
O T o BaBar ——k—— A ©-0.84+0.71+£0.08
> theoret]cal B2 Averag ; \ | 00%454_071
I R R € BaBar il 0.51 1535 £ 0.02
> correlated experimental < Belle s 095 +.0.53 012
| ©  Average e 0.64 £ 0.30
v BaBar 1 }— h—l  0.17+052+0.26
.. % Average —— 0.17 £ 0.58
X BaBar + A41X01840.072011
¢ Belle : i M- 0:60 +0.18 + 0.04 913
& o Average bl i 051+0.14 5
X BaBar ; - 0.63 ¥055 + 0.04
> Belle : ok 0.58 + 0.36 + 0.08
_» Average 0.61+0.23
-3 -2 -1 0 1 2 3
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New Physics?

e Time-dependent CP-violation
> in more than one sense?

g 1 * | ]
E FErrrw
o of #* * ‘_
184 o
-2 i 5 R
0 100 200 300 400
L (b
5 1F 2
ig = 4# .HML“##
@ o b
-1;. 3KS +
"\ , , : i
0 100 200 300 400
L (b
5 E ' ™
g 9 +
e ]
- ””ii
ol 7
- ToKs 3 -
3 100 200 300 400
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L (b

3 .
& 1 KKKO {
m \....-\...,.,.i..-\ Farares ik \..._.\.... i
0.5} ||+'|+ *: |ﬁ
ok : :
0 100 200 300 400
L (o)
| ]
% 1
s + L
o + ’ :
0 100 200
g f
£t E IR R
v 05: + +
o
3 0
ost P(S ,
0 100 200
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Some more examples

BY — WOKS

B — 'K}

' 400F . 1=8% = K¢
i } T (a) ok (c)
] ) t .
0.5F (b) ~,350F 0.5T
: % = Ll oyt |
g_ 0: T —t 2 300F b 0 | (L v I
2 0.5F L Do g 05
2 4 0.0<r<0.5 ol £ 1 0.0<r<0.5
E :.--.I----I----I----I.---I-.-- DZOD 5? PN EEPErETE B EFETET BN R
E 1 C o ‘:1: 1 -
o 0.5 0150 2 0sH-
< I g Y
s Of- 2100 ok
a4 '05. 50 _05 -
5 05<r=<1.0
_1- O PN TR T N T T TR [T THN TN THN NN TN THN T N r _‘I-lllllIIIIIIIIIIIIIIIIIIIIIIII
-1.5 5.2 522 524 526 528 53 -15 5 25 0 25 5
M, (GeVic?) At(ps)
300 e I ,KS
LRI BABARN .- I
% 250 g : s o E
% E e T — 1 - & 3 ----...______.....-;
O 200 = 4 ]
C‘-G < —0.5:— =
8 150 i | | ;
e = 1 ;
g 100 £F [o© n'K,
'E E ok -—'=}-=‘..L_
W50 E ¢ 4 ;
7 [ [ 1
O MR BT B R q _1- ]
52 522 5724 5.262 5.28 : ' . . !
M, (GeVic?) -10 -5 0 5 10
¢ At (ps)
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Determinations of «

e b — u decay into (CP eigenstate) B’ — ntn—, pTn T, ptpT
> Mixing and b — u decay (for one decay amplitude!)

N = e i2Bpmi2y _ 2
: u
S = sin2«a, C=0 ree: ,éd T, p
> But: In addition to tree amplitudes, _ b ° u
there are penguin processes B 7t pT
— access to a complicated! 3 3
oo, T+ Peti7et0
A = e ——
T+ Pemtet Penguin:
C o« sino #0 b d e
t B )
S = v1—C?sin22a.¢ - u
B g
e How large is P/T? B u T pt
d d

> Models, e.g, QCD factorization
> |sospin analysis
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Penguin vs. Tree

e Isospin relations allow estimation of penguin contribution
> Two isospin relations (for B and B decays)

1

AB = h"h )+ A(BY — BA°
75 ( ) ( )

ABT = hTRY)

> Neglecting ew penguins, A(B™ — h*h") is pure tree
> Triangles with common base side

> Determination of shift — <7~ = 2(a.s — @)

> A% and A% small — s~ small

Urs Langenegger B Physics and Quarkonia (2006/07/20, Zuoz PSI Summerschool)
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PRL 95, 151803 (2005)

CP Asymmetries in B — 77~

e Same analysis methodology as always ‘Emﬂh BABAR l
> B(BO _ 7'('+7T ) _ 5 0 > 10 6 ;3 Preliminary
£
Ngig = 467 = 33 5100 —
Syrx = —0.3040.17 +0.03 o J
Crn = —0.0940.15 4 0.04 i

(5;.2- . .5.;32- - .5.124. - SIEE . -5 IEB ;3
e From this extract mgs (GeVic)

= B tags BB |

e = 99715° £ sor |
5}

e How large is ‘penguin contribution’%

> P/T ~ 30% £ 50
Sosk i
e e
E.0.5/ i
< 6 4 2 0 2 4 6

227 million BB At (ps)
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PRL 94, 181802 (2005)

BY — 7%7Y: Penguins in B — 77~

e Observation of ‘large’ signal (5.00) I x
> 20 .
Ny, = 61417 — ]
B(B’ - °z%) = (1.17+0.324+0.10) x 10°° = 10 _ ;
e This is unfortunate g ° R
> too large for useful bound w05 ‘5J22‘5‘24‘5‘2é”5_ég
> too small for isospin analysis S(GeV/C)
= Penguins substantial , , 2"
> See also later in B' — Ktn— o
= Experimental problems 59

2 522 524 526 528

> Merged i 0 \“ - m,. (GeV/c’)
>~ Radiative Bhabhas ‘afterglow’

W
S
T o

Events / (20 MeV )
[\
[
S

92 01 0 o1 02
AE (GeV)
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a from B — ptp?

e At quark level, same diagrams like B — 77—

> p is vector particle (w pseudoscalar)

> Decays: p' — nrn—, pm — 7ml
> Larger branching fractions B(B" — pTp~) =26.2 x 107°

> More difficult charged measurements:

35

B — ntn~ vs. BY — ptp~ .

. g 25_

> Easier neutral measurements: S 20

BY — 7970 vs. BY — o040 a:

0

e Complications: e
> Penguins large? 8 20

J’Ic_n 15

10_—

— measure B(B" — p’p")

> Vector-Vector final state:
Not a CP eigenstate a priori
(Dilution of asymmetry)

I
|
_ 1; _ _
T\ [3
nnnninnine bbby

Asymmetry
S066S ocoopo

U’Illllllll

— measure polarization

At(ps)
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PRL 95, 041805 (2005)

a from B — pp~ !

e Angular analysis to determine CP contents

fr(pp™) = 0.978£0.014 3y
Pure CP-even final state /
e Search for B — ,00,00 dcosgjé\iose,“ £, cos? 6,cos* 6, +L(1- f,)sin’ 6, sin’ 6,
B(B" — p%°) = (0.541938 £0.19) x 107

< 1.1x107% (90%CL)

ata fit background

N
o
T

Ln
i

Events / (0.188)
=
S
T
]

Events/0.002 GeV/c?
o (6]
T
I S—

(6]
T e m—
_+—
D —
1
_+—
_+—
_+—__

ol t v v 1
524 525 526 527 528 529

Meg (GeV/c?)
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PRL 95, 041805 (2005)

ao. Results

e Penguins

[P/T| = 0.07 150

o — aeg| < 11°(90%CL)

e Result
o« - el o BT Y i
. . 1.2 otendos . B—pr =1 Combined
e Error dominated by 11° penguin N Bopp  PACKMIK |
i 0 0,0 -
uncertainty from B(B" — p’p") ol
> Will improve with more data I
and measurement of B’ — p'p’ o
0.4
e Variations on « S Y R
0 20 40 60 80 100 120 140 160 180

> CKM fit: aa=98+16°

o (deg)
> CKM + combined: o = 991%°
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Hadronic Particle ldentification

e Discrimination between K+t and 7 essential S Eic

Tube

e Cherenkov radiation — DIRC
> cosfc = 1/nf o~

Support
Gusset

> ‘Detection of internally reflected Cherenkov’ light Budking e
Strong ) /an .
e Driftchamber dF/dx Suppt B
_ o | o
E S10 - -
E g |
i v |
. [I:'_ r
VIl
E T 7
: ' —
W T NS N ST T N 0-|....|....|....|....|. | '
D4 L A B e e 1.5 2 25 3 35 4 45
p(GeV/c) p(GeV/c)
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Th e D I RC NIM A 538 (2005) 281

PMT + Base
~11,000
PMT's

Purified Water

Light
Catcher

17.25 mm Thickness
(35.00 mm Width)

Bar B
Track f ar Box
Trajectory a

80 ¢ by
: . ~Mirror Q\H ]
60 I/B
A i — Monte Carlo Simulation ) ar $
Sl | /_ | L \ Window /— Standoff Box
\Y2
N # 91 mm— ~10mm
: —490m — 117 m F
0 [, T T
-1 0.5 0 0.5 1 4 x1.225m
€08 O,y Synthetic Fused Silica

Bars glued end-to-end
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The Determination of ~

e At B-factories, (at least) two avenues to ~:
> B — Dtr™: Acp oc rsin(26 + )
> B~ — D'K~: Acp  rp sin~y sindp

e Time-independent: direct CP violation in B* decays
> Tree decays! u

> with relative amplitude rz, weak phase ~, strong phase dp

e For interference, choose decays where D° D' — f

e Critical parameter rp = ‘j((?):z))

> CKM and color suppression

If rg small — little sensitivity to ~
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Gronau, London, PLB 253, 483

GLW — Gronau, London, Wyler™ ™ "

e Theoretically very clean (no penguins)
> reconstruction of D — KtK~ ntn— (CP =+1)

D—>K57TO,KSw,K5§b (CP:—l)

— small effective branching fractions (9(10_7)

e 4 observables: Asymmetries and ratio of branching fracions

I'(B-—=D4+K )4I(B"—=DyK™)

Ropx = T B-—DIK )T B =K 2 — 1T rp % 2rp cosdp cosy
A B F(B_HDiK_)—F(B+—>DiK+) B :|22TB SiIl(SB SiIl")/
CP+ - F(B—_)DOK—)+I‘(B+_>D_OK+> — RCP:I:
> Three are independent (A¢p Rcpr = —Acp_Rep_)

e Not enough statistics yet
Nopy =376+ 7.4
Nep_ =14.845.9
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GGSZ, PR, D68, 054018 (2003)

Time-dependent DK Dalitz Analysis

e In BY — DK™ decays: study D' — Kontn™
e The amplitudes for B decay are written as

A(B*) = f(m%, m%) +rpe®7) f(m%, mY)

b:c b:u
> f(mZ,m%) decay amplitude A(D" — Kgnn™)

2
Kgr*

> Dalitz variables m?% =m

e Symbolically:
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~v: Results

PRL 95, 121802 (2005)

e More statistics than for GLW:

> B~ — DYK™: Ngig = 282 £ 20
> B~ — D*"K~: Ngg = 133 &+ 14

e Complications:
> form of D" decay models

> error depends on rp

> BABAR: rp = 0.12 £ 0.08
BELLE: rp = 0.21 £0.08

40F

BABAR

preliminary

vy = 67+28+13+11° GGSZ

= 517%° GGSZ + GLW + AD

> Combination of
e BABAR GGSZ

e GLW/ADS World average
> Expect o(v) ~ 10° in 2008
> No average by HFAG yet

1 oL

A4 -I_.I F
0.05

b i k '} I. A A b
0.1

EPS 2005

L Full frequentist

tre

----- D*K™ GLW + ADS
K GGSZ 1 Combined

0.8
06 |-

0.4

0.2 |."

atment an MC basis e CKM flt

WA

0

20

40

60 80 100 120 140 160 180

e Very remarkable: Not foreseen at B- factorles' Y (deg)
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PRL 93, 131801 (2004)

v: An Alternative?

e Observation (4.20) of direct CP-violation in B’ — KTn—

Ng—ng+ — NEK+7g—
Ng—pt+ T N+
= —0.133+£0.030 + 0.009(BABAR)

= —0.115+ 0.018(W.A.)

Knm
AC’P -

o
)
| )

e Simple counting experiment

> once you understand charge-
dependence of PID

[\
-
-

e Sensitive to ~:
> ASH o< sinysin§

<
[a—

I
I

e For strong phase 0 use

> [)’(B+ — 7T+K5) ...................
> B(BT — 7'K™) 52 522 524 526 528 5.3

> B(B* — 1+70) mys (GeV/e')
and some theoretical input. But: Errors??
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Direct CP violation: Another instance

e Belle claimed

Spr = —1.00%0.21 £0.07 S
Crn = —0.58=+0.15=+0.07 e O

DITM iarmirnsiiv 50505
2004 PRELIMINARY ‘

C?‘I:TC

and recently

Ser = —0.67+£0.16 £0.06
Crr = —0.56=+0.12+0.06

e This implies

> large |P/T| ~1
> large strong phases
> possibly new physics

e BABAR sees nothing of this Fost

> New Belle measurement more
consistent with BABAR result
than with old Belle result

e Discrepancy at 30 ... need more data
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Even more CP-Asymmetries

e No extraction of weak phase

e Probe for new physics in modes with small SM expectation
> decays dominated by one weak phase, e.g., the

Penguin-dominated decays b — sy, B — K")¢t¢—

CP Asymmetry in Charmless B Decays

+1.0 R
—— Belle (\ HFAG
4 —— BABAR % b S APRIL 2006
CDF N ‘ FA N
—— PDG2004
1 —— New Avg.
G ;
i «;-(\ & R~ §
1N
4 S cg& } *
00 L ! H|+ ’ﬂ I
I |
% |
s ok
47(& &
T 5
1 Ny
-1.0
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The big picture

1.5

0.5

-0.5

-1.5

FPCP 06
1 1 1 1 | 1 1 | | | | | | | | | | | | | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 1.5
p
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B, Mixing Measurement Principle

e Measure B, decay

— decay flavor from decay products

— decay length | = t;,08c = tByc =t

e Determine B, production flavor

(Not to scale!)

s - LXy

] mon kaon

Primary
vertex

Opposite side Trigger (signal) side
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CDF Detector

e Luminosity £ > 1fb™*

S

> By — DMty
+o+
s

e Trigger: displaced vertice
> By — D

e Kaon identification
> DCH dE/dx
> p < 1.5GeV

67

rkonia (2006/07/20, Zuoz PSI Summerschool)

nd Qua

B Physics a
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Mixing Measurement Significance

e The significance

lom/ 5 ‘/€D2€—U?Ams/2
o S+ B 2

e Statistical power of flavor tagging D>
> Tagging efficiency ¢ and dilution D =1 — 2w (w: mistag probability)

correct tags + incorrect tags D correct tags — incorrect tags
E = p—
all events all tags

> Dilution D measures purity: D =0(1) — random (perfect) tagging
> Dilution attenuates observed oscillations

P(B" — B, B:t) oc e (1 &+ D cos Amt)
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—
=
<L

15h

Detector Effects

flavor tagging power,

1.5¢

background

1-0:—
0.5}

00l AL
-0.5F
A.0f

mis-tag rate 40%

ANTAN AL

(W ERV ARV

\

1 7

Decay Time [ps]

displacement momentum
resolution resolution
= 1.5¢ = 1.5
= i - [
e (L) ~ 50 pm B 1.0 aip)/p = 5%
0.5} VAN A 0.5}
[ i i i
Dﬂ1l I| | |I |I III II |I (] D-ﬂ %I IIIII‘III Illﬂlll |'ﬁ'|II ﬁ'. l.rxu_,_ - -
VAVATATRVATAATA VYA
-0.5F -0.5F
1.0 T 1.0
13 1 3 i 3 3
Decay TJme [ps] Decay Time [ps]
SeD? _(Amsoy)? S
e 2
2 S+ B
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B, Reconstruction: Hadronic Modes

e Hadronic decays

> excellent resolution: p

B

0 - ks
B_H_ —3 D.F.?r

oD
b

~5

> small statistics

U-.

we

d-
C

Yield

B.— Dr (o) 1600
B.— D.n (K K) 800
B.— D, = (3n) 600
B.— DJ3n (¢ m) 500
B.— D.3n (K'K) 200
Total 3700

and vertexing

-

§-

Candidates per 20 MeV/c?

MeV/c?

Candidates per 20

CDF Run Il Preliminary

L=1fb"

—— data

— fit
B, — Dy &+
satellites
combi bkg

L DR
Ay AT

¢ » 9,

P !
5.5

6.0

Mass(o(K'K)m ) [GeV/cT]

CDF Run Il Preliminary

2000

1500

o
o
[=)

a
o
o

L=11fb"

—— data

— fit
B, — D} (3m)"
satellites
combi bkg

B B°->D (3
A, = A (3m)

5.0

5.5

1 6.0 1 1 1 1
Mass [GeV/c?]
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Semileptonic B, Reconstruction

e Semileptonic decays

> missing neutrino — unknown B, momentum!

B’ - D I'v,
w* 4
BO b "
A
-

> large statistics

(Dy:D, = on | 32K
(DD, - K*K| 11K
(DD, = nnn| 10K
rD%: D% - Kr | 540 K
(D:D°->Kn | 75K
(D: D - Krr | 300 K

N

Candidates per 1 MeV/c

10000 |

[6)
o
o
o

B, — D, X

Candidates per 18 MeV/c

4000

3000 {

2000 |

1000 1

0

B, — I D, X

CDF Run Il Preliminary

L=1fb"

Data

— Fit

.| B;Signal

--------- Combinatorial + False Lepton

194 1.96

CDF Run Il Preliminary

1.98
D mass [GeV/cz]

L~1fb’

—— Data
— Fit
| | B Signal

— Physics Background

----- Combinatorial + False Lepton
/_\
3 4 5

lepton-D mass [GeV/cz]
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Lifetime Reconstruction

. . CDF Run Il Monte Carlo B— 1D
e Lifetime from (proper) decay length "
> pp: daughter tracks 3-momentum _ 04— 49<mg <51 Gevic?
> flight length from secondary vertex 8 gg] i< =SB
. z wun 2.9 < Mp < 3.1 GeV/e
> in transverse plane =
g 0.2
e Semileptonic decays: S
. . . 0.1
> Correction with MC-derived k factor
01“4 0.6 0.8 1.0
4 lDemB < I lfy pfé k-factor
= MC MC =
=y DI lDe pB
o s By — 1D X, 2.0 <mp, <3.1 GeVic
manmn B — | Dg X, 43<m,Dc4SGeWc
08— gS:{::DS}:X 4.9 <mg <5.1 Ge\f{c w

e Decay length resolution
> not an issue for lifetime measurements

> critical for B; mixing!

0.6

Proper decay time resolution [ps]

0.2

o
*
o"“
W

D—rq_u

0.0f——

g
- it
- -'_

L 1 ] L L L 1 ] 1

2 3

4

Proper decay time [ps]
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Lifetime Reconstruction Il

e Significant distortion of proper time distributions

CDFII Preliminary

)

—

>
[

o B*— Jiy K* Data - MC comparison

Jiy— —— Data SB sub.
+ —— Realistic M.C.

y (An-bltralgl Scs_g’le)
=
=Y

o
© o
—
2 ©
[TTT]
%
$

4 ﬁWﬁMH H |

F 4t J(
(1] = | 0 |

0 002 004

P O | L
0.14 0.16 0.18 0.2
ct [em]

P ERTR N RN I M
0.06 0.08 0.1 0.12

e Unbinned maximum likelihood fit for 7
> signal pdf:

Pt) ~e /T @ R(t,t) x e(t)

> background pdf from data
sidebands
wrong-sign decays
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candidates per 30 um

Lifetime

Results

e All species can be measured at Tevatron

Mode CDF [ps] DO [ps]
Bs — Dy 0w | 1.381 +0.055 4+ 0.050 | 1.398 + 0.044 7052
Ny — A 1.593 + 0.080 + 0.033 | 1.22 £0.20 + 0.04
B. — JhpeTv | 0.463 +0.070 +0.036 | 0.448 +0.115 + 0.121
CDF Run Il Preliminary ~ L=1fb" CDF Run Il Preliminary L ~11fb" Ap—> Iy A°
10° —— data . Data g
—it c — Fit ;
B, - D, (3)t* 3. 4000 | BsSignal 2 e
10 random bkg. @ e Z?s:i:a?jlfi:z?:olggie Lepton E
e 3
A, — AL Q) § 104
10 S 2000
il 11
| ™ w
0.0 0.2 0.4 0.1 0.2 0.3 -2000 -1000

CDF Il Preliminary 1.0 fb™

proper time [cm]

B, > 1D, X

« Data
Signal

— Signal+Bkg

+ ct=477.61+24.2um

8l
HION ‘
AN

proper decay-length [cm]

0 1000 2000 3000 4000

Proper Decay Length (um)
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Lifetime Results in Context

e Very competitive measurements
> most analyses use only subset of data

A, Lifetime Measurements
T /Twpps 05 06 07 08 09 1 1.1 1.2
IIIIIIIIIII L T L T L

ALEPH A, | —e— 1.18 2+ 0.03
(91-95) .

0 1+ +0.26
ALEPH A° Il F—e—— 130 )5’ +0.04
(91-95)

OPALA, | —e—— 129 D2'+0.06
(90-95) :
DELPHIA,|  p—e—f 1.11 294+ 0.05
(91-95)

CDF A, | . 1.32+0.15+ 0.06
DO J/y A° F—e—i 1.22 022+ 0.04
250 pb  (02-04)

CDF P)relim Jhy A°

1fb” (02-06

e 1.59+ 0.08 + 0.03

I|III|III|III|IPIDG20q4IIII|III|III|III|II

04 06 08 1 12 14 16 18 2 22
A, lifetime [ps]

ct (um)

(o2}
o
o

o
a1
o

500

450

400

350

300

CDF Il Preliminary 1.0 fb '

I
— —
— —

{ 0

HFAG 2004
data
combined (uncorrelated)

BO

$

Statistical errors only

TN A T T

|
Y1 Wt W01, Yy g Copp Yy g’ ‘i YoVl Y (a, Comp
ViV K,(J/,,%)v;(;s, Mbindl; ,gvf iy ),V;g//%)vfklgz () Ks,{.l/%y:;gp, 2L
s

Neq 8o
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Hadron Collider Flavor Tagging

e Opposite side

> SLT — soft lepton tagger
> JETQ — jet charge tagger

e Same side

> SS(K)T — same side (kaon) tagger

e Total Performance:

£D? Hadronic (%)
0.48 =+ 0.086 (stat)

£D?2 Semileptonic (%)
0.62- 0.03 (stat)

0.09 = 0.03 (stat)

0.10 = 0.01 (stat)

0.30 = 0.04 (stat)

0.27 =+ 0.02 (stat)

0.46 = 0.05 (stat)

0.34 + 0.02 (stat)

b b _F
B
— |
d i
n
r iz 1TK
- | | -4
b b —
- | B
1]
M, u + r_
—d T } K Muon
: d s Electron
JQ/Nertex
b b 1 B JQ/Prob.
i . - JQ/High p;
] sa t KK Total OST
' ud SSKT

0.14 + 0.03 (stat)

0.11 = 0.01 (stat)

1.47 + 0.10 (stat)

1.44 + 0.04 (stat)

3.42 + 0.49 (syst)

4.00 = 0.56 (syst)
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Verification of Tagging

e Measure B, mixing (precisely known from B-factories)
>~ Does not work for same-side tagging

o fit separately in hadronic and semileptonic, ID-, muon tag

semileptonic sample CDF Run Il Preliminary L ~ 355 pb”
e per sample, simultaneously  °° 1. Soft Lepton Taggers
measure . M |
e tagger performance B B
e Amy / §;~ 0
e projection incorporates s L:f::mm
several classes of tags s enhui
s - B contribution B—e/pD X

rrrrrrrrrrrrrrrrrrrrrrrr

0.05 0.1 (.15 0.2
proper decay-length [cm]

hadronic: Amy = 0.536 + 0.028 (stat) + 0.006 (syst) ps’’
semileptonic: Amy= 0.509 £ 0.010 (stat) £ 0.016 (syst) ps'
world average: Ama= 0.507 £ 0.005 ps™*
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Proper Time Resolution

e Eminently important for B, oscillations prompttrack

> Smears out asymmetry — dilution
> Lifetime measurements provide no calibration
> UML needs to correctly account for it

e Prompt D plus prompt track

o o
N N
o (&

Probability per 5 um
o
o

> quasi By particle

> fit ‘lifetime’ — resolution calibration

CDF Run Il Preliminary L=1fb"

B, — D; (3)r*

<G> =26.0 um

0.10F
0.05F
i | | e Lo |
00020 20 66 80 700

proper time resolution [um]

Fraction

0.151

0.14

0.05

CDF Run Il Preliminary

1|+ ~-<S,_(Signal)> =~ 41um

4, ~<S,(Bck)> =50pum

B, — 1D, X

+4*,

. ”“::.—‘_
Rt > TR

0

0.005 0.01 0.015 0.02
B, decay time resolution [cm]

candidates / 20 um

10*4

10°% 4

107

trigger tracks

T4
L D, vertex
'

&

“B,” vertex
P.V.

CDF Run Il Preliminary

— D n+ data
— fit
—f,

L

00 01 02
proper time [cm]
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The Procedure

e Determination of oscillation in
> time domain: fit frequency Amg, in £ < 1+ D cosAmgt

> frequency domain: fit amplitude A in £ o 14 AD cos Amgt

e Decide beforehand whether to set UL or do measurement
> p-value: probability that observed effect is from bg fluctuation

> p > 0.01: Determine upper limit, p < 0.01: Measure Amg
e 228/50000 toy experiments: Alog(L) > 6.06 — p = 0.5%

2500

I:I randomized tags

D expected for Am,=18 ps’

2000~

significance

1500/

1000

observed
value

500 —

- _.‘_ :
..... [ 1 _U_IJ_LIJ_LI_LLIJJ_LLIJ_LLLLIJ_LLLLLLLLIJ_!J_LIJ_LIJJJ_LI_L
O 2 e TE 0 1z 1a 1012 3 45067 8
AlogiL) ﬁlﬂg[L}max
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Determination of Am,

_ . 5.9 —
Amg = 17.33103% £ 0.07ps ™" (SM: 21.7 5% ps™1)
—_ -1
R 20CDF Run Il Preliminary 1 fb CDE Run Il - 10"
=4 I —— hadronic |
D — semileptonic ; J
2 150 — combined 14 ++HI _______ %ﬂ
< , IR N T
i 2 o Ruass il
100 = " \
B E | « datat1o Tl F ‘
- < 1] mdatat 16450 TH
- data * 1.645 o (stat. only) X
5L 1 ---1.645¢
~ 2] O sensitivity: 25.8 ps'1
0:— 30+ — data
B 20 ---- significance=1%
- <
- 10
5ZIIIIIIIIIIIIIIIIIIIIIIII-- A 0 /\’\\v’\/\'
A AN BN AN BV < [ sttt ' \J ----- S
15 16 17 18 19 20 0 5 10 15 20 25 ?,0
-1 Amg (ps’)

Am; (ps )
e Interpretation help for amplitude plots
> A4 1.6450(A) < 1: excluded at 95%CL

> 1.6450(A) = 1: measurement sensitivity
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Impact of Measurement

e Independent measurement of
Ams _ mBsé.Q’V;ﬁsF ~
Amg  mp, |Vidl?

-0.5 -

Ratio of decay constants and bag parameters |

¢ =1.21173%% from lattice, rest from PDG

0.008

= 0.20815 4¢7

e Consistent with |V;4|/|Vis| in Penguins
> cf. tomorrow!
> (more precise)
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B, in the future: LHCb

e Amy, is only a first step
> future experimental program at LHCb

e Mixing phase [,
> sin 20, from time-dependent asymmetries in B, — J/ip ¢
> sin 20, = 0.0365 4 0.0021 predicted in SM

® 7

Decay Channel | Method # events/y | Estimated error
B, — DK time-dep. asymmetry | 5400 14°

B, — DYK*0 6 BF (triangles) 500-3400 8°

B, — K"K~ vs. B - ntn— 37k-26k 5°

e o and 5

Decay Channel | Method # events/y | Estimated error
B — 7wtx— 7" | time-dep. Dalitz 14k 102,

B’ — JYK) time-dep. asymmetry | 240k 0.02(sin 23)
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Executive Summary |

e B physics
> Quantitative tests of SM — overconstraining ‘the’ unitarity triangle
> Search for new physics — ‘delayed gratification’
> Flood of data and new ideas — spin-offs

e Time-dependent and CP-violating physics

> CP-violation by B-factories

B = 2077130 a=100240° y=627%°
B = [ in b—s penguins(?), a+pf+~v= 186+38 o
direct CP—violation in BY — K17~

> B, mixing measured by CDF

Am, = 17.31703%(stat) &+ 0.07(syst) ps—*

Vidl

V.| = 02085500 (exp) Zang (theo)
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