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- pp collisions at 1.96 TeV
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sort )of b-hadrons (B, 4, By, B,
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Significant Lorentz Boost:
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Pair produce (correlated) only

B,s» Bsonly at Y(59)
Small and fixed Lorentz Boost:
By=0.425 (Belle/ KEK-B)

Bxtra clean enivronment and
dedicated detectors
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Triggeririg zit collicler

s Cannot over-enphasize

= Physics analysis at colliders start from triggering
the data!

= B-physics program at CDH Tevatron practically
run off the:
1 Displaced track trigger
s Track reconstruction at Levell

= Silicon Vertex Tracker at Level2
= Kinematic selection - select hadronic B-decays

4 Di-muon trigger
s Two identified muon identified at L1/L2/L3
= Select inculusive bbbar events and events with J/ psi
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Dirritor) Triggers

a CDF: |_Di-Muon Mass CDF Preliminary: ~360pb”
o di-muon triggered ©_ ] o pdwesam [hagers
E | 3 3 Si

data — B2>Jyd Rare B

L Two rapidity sl W2S) 480K Ag psilon-...
ranges: CMU | oo, |
In|<0.6, CMX0.6 .-
< |n| <1 I Y(1S): 18K

4 p()>1.5 or SCTN | N I A< ) . W O Y(25): 3.6K
2.0 GeVlc ' Sy

107t /

D@: | / 4

g B-> uuh search region
2 Similar thresholds ata e

. Greater rapidity acceptance
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Silicorn Verte,x Tracrer

= Triggering on displaced vertex at CDF R Sl Soume33um
using SVT, main novelty in Run 11, the 2 onf resolbeam
hall-mark of CDF Run |1 physics program: g o] = ox4/um

o Discovery of B, mixing £ 12000

10000

1 Charmless decays
1 Zg discovery

8000

6000 [

= The necessary tool to get fully ao00]
reconstructed decays hadronic b decays 2000
useful for mixing (and other good stuff..) b0 0w (‘ '6;30
o Hm
Secondary, Main Trigger requires:
Vertex 2 opposite charge tracks,
Decay Length‘.o“;’. B P>2 GeV/c,
Lxy o / impact parameter |d,| > 120 pm
. G L (CRRRERE  Scalar pt sum > 5.5 GeV/e
\F;g:‘t‘jj(y.;j“ /Ly = 450pm Projected decay length L, > 200 pm
/ 2° < A < 90°
” Add adynamically prescaled LOWPT trigger with

d = impact parameter

no opposite charge and no Pt sum to fill available
Wi=EEeE pandwidth at low luminosity




Differerit Types of CP violztior)

= All three types of CP violation can be tested at
Tevatron:
1 Direct CP violation in beauty (and charm!) decays

1 CPviolation through interference of mixing and
decays in B.2>Jvy ¢
2 CPviolation in mixing (semileptonic asymmetry)

= Highlight result for the B, sector in the following
(but By, result are as good or better than at B-
factories for several channels)
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Direct CP viglatior Ir) Dy 7 18
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Figure 1: Tree and penguin topologies contributing to the U-spin-related B) — 7+,
B -~ K*K~ and B} — 7~ K*, B! — 7K~ decays (q.q € {d, s}).

Tree — Penguin amplitudes may generate sizeable direct
CP violation

Sensitive to CKM angle vy

Theory predictions uncertain (strong phases)
Useful combining By and B; to test/use flavour
symmetries (U-spln SU(3) etc. )
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r) ~ a7

D(l S—/ [1I)
Large signal selected through the
displaced track trigger

Sugerposition of B,>Kn, B> nm,
B.2KK, B;2Kn + A (pn/K)

Need multidimensional unbinned
likelihood fit to kinematics + dE/dx

information to disentangle various
component

Signal yield and resolution comparable
tdo B-)factories (with 1 fb! of Tevatron
ata

High precision measurement:
4 CPVinBy>Kn Ac=-0.086+0.023+0.006
(4050 ev.)

Compare to:

1 Babar A.,=-0.107+0.018 +0.007 -0.004
(4400 ev.

1 Belle A,=-0.086x0.018+0.008 (4100 ev.)
Systematics/detector asymmetries kept

under control using also huge samples
of kinematically similar D°<>hh’ decays

Sigrizl

Candidates per 20 MeV/c?

Candidates per 0.04
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Direct CP Violation In B, decays

CDF Run Il Preliminary L_=1 fb"

*With 1fb-! first observation of B, Kr mode:
N(B; —» K p") =230+ 34 (stat) +16 (syst) [8s signif]

R
S
T I-+_I

- BB Kn o
800 Ws K
i [ ]background

*First measurement of direct CP violation:
A = N(B; - K"p)-N(B; > Kp’)
" N(B?—>K'p)+ N(B’ :

Candidates per 0.04
S
o
i

600

400
200 o,

: : G54 02 03 04 05 06 0.7 08 09 1
o A IS 2.5¢ different from O Probability ratio A__(B] > K'r)
* Compatible with expectation [H.J.Lipkin, Phys. Lett. B 621, 126 (2005)]

IA(B, — 7t K-)|? — |A(B, — m-K*)|? = |A(B; — 7t K~)|? — |A(B; — m K*+)|?

_ o ..\ BRBI>Kp) T
B 5> K'p)=—Ax(B) > Kp*
Acp (B P)=—Acp(By pr)- BR(B® > K p) o
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Candidates per 20.00 Mev/c?

Candidates per 30.00 Mev/c?

N\, — Ol results

w5259 OPFRuniiPreiminav L, 2107 - Opservation of charmless A, decays:

800 * Data

7002— -ngf'wn-m ER(i‘LbU—:»pK} = (5.0 £ 0.7 £+ 1.0) x 10-©
500%‘ =g§:£:;+cc ER{fxbU—}pl’[ )=(3.1 £ 0.6 £0.7)x 10-%
5001 B (Assuming PDG value fyap0n/fy=0.25 + 0.04)
a00E -g;::;ﬁ Predicted:

300 B A ptce BR(A,?—pK) = 2 x 10-6

2005+ =g?<;gh|;s e BR[ﬁbﬂ —pmn)=1x 10-°

100 [ Bkg Comb

s 537 sa R wse @ Hrst hints of DCPV in barion decays (2c)?
Acp (A, = pp) =0.03£0,
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E .B"A) K’ m+cc .B, S KK
300 R )
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s CDF has 1300 B,2K*K- events .

in 1fb?
=z Expect 25 pm in

7, In_ SM)

s May reach O(30%) ACP,,, at

the end of Run ||

Fleischer:0705.1121 [hep

X! n BSKK
lifetime determination (measure

Candidates per 20 MeV/c
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Events / 10 MeV

DCPY

D~~~
= Significant number of Bt DK* events

)k

CDF Run Il Preliminary Lint=1 b

D= 2t COF

y2 = 43/46

Negative charge:
- -

B - Dgpn
- 0 -

B — D K

J[ B >D'm

combinatorial background

i T ™

(this analysis ~120 B> DK events) BF
= Cabibbo suppressed D° decays (CP+) = oo
firmly established: kinematics + PID T sl
separation, resolution as Babar/Belle 5
BABAR (arxiv-0708.1534) ! —i— 035 20092005 w ©
Belle (prp 730510602006 -—E—.—- 0.06 £0.14 £ 0.05 20:
CDF Il ' —e—  0.37 £0.14£0.04 0752
Old AVG  (abar+Belle) —— 0.26 +0.08
New AVG (Bgbar:Belle 1 CDF) | ! = , 0.28 £0.07
06 04 02 0 02 04 06

Belle 90 ev. (b)
arxiv:0804.2063

CDF Run Il Preliminary L, = 2.4 fb!

&
I

Fraguency par 13.6 MaV
IJ T Igll I M_IJJ
[

-
@
I

L=

A

CS events ~ 40 (expected)
LA =34 + 12 (fitted)

4,
H— Wﬁ_ﬂ Tt

53 54 55 TEE 5T

Dy, ® mass [Ge\ic?)

53 54 55 Y
KK mass [GeVic?]

CDF contributing to
“v" via GLW method,
now looking also for
double Cabibbo
suppressed DP
modes for ADS
method
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Flzvor rrldrlg

= Havor eigenstate # Hamiltonian eigenstate
2 transition between meson and anti-meson exists

= Simplified Schroedinger equation describing mixing and decay

*

M12 M 22

*

AL
1—112 1_-‘22

IE Bg(t) | ) Bg (Mll Mle _(Fll Fle
dt| BO(t) 2 | B

= The mass and lifetime eigenstates (with I';,/M,, <<1)
|B, >= |BO>+q|§O> Am,=my —m =2|M}

|By >=p|B;>-q|B)> ar,-t1,-T,= 2|rfz|Re(M12) 2|13 | cos(p,)

12

My, and I';, are the focus of CDF & D@ experiments in the B, system
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14, | el Arr,

= Oscillation observed at CDF in 2006
with 1fb! of data

= Amg known with great precision:

Am, =17.77 +0.10(stat) = 0.07 ps™
|Via |
Vs |

= Comparision with SM prediction
limited by lattice QCD uncertainty!

— DIG qullll Preliminar¥: l Ldt=24 fb'1

= 0.2060 0.0007(exp).5 oo (theor)

i —
£ r A ! : H : :
< 10/ "\ + staterroronly
@& . total error
AN\
0__ G iessme B e niBoparsseee Moo i T e (e
_5 __ [:‘ A — pm e mn s mm e eeeemeee e o]
L AlnL(min) = -4.08
-10 __Amf = 18.5'53 ¥ 0.9:%(stat) tio.?;b'(éyf{st) ps'% || ]
D .130
Amg (ps™)

CDF Run II L=1.0fb"

o]
W
=3

25
20

likelihood rati

_15i S5c

eE. . v b b b b
0 5 10 15 20 25 30 35

Am [ps”]

= 3o significance (stat. only)
obtained at D@ (2.4 fb?)

» D@ note 5618:

Am, =18.53+ 0.90(stat) + 0.30(syst) ps™

m Consistent with CDF result
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Wrizit zioout MILArc J Orlzlse?

V.
*In the SM phase of the mixing amplitude , W g d .
connected to the phase of CKM elements: B ".N‘ B

@, =arg(VthVis*)? d _W:W b
*|n the Wolfenstain Parametrization (expanding b A
in terms of A=sin(6,)~0.23 to O(1%) wet || Bg
» 1) responsible for CP Violation = 1 #0 W 2
implies CPV d
ST Ty u . .
1-227- 20 A []
Veay = | -A+ ;AZKS[l-Z(p+ ™ 1-;# -;x4(1+ 4A?) + ) c| W . i
AC[1- (1 -llz)(p -i)] || - AV + le“[l -2(p+ in)]| 1 LAz
2 2 2 t i
Suppressed CPV

— Standard Model does not predict values for CKM elements:

= CKM hyerarchy implies small CP violation in B, mixing

M.Rascigno - CPT@ICTR 7/5/08
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Ics Irl B, rririg

New Privs

*New Physics could likely contribute to =
AB=2 transitions 1

* CKM fit including Ams/Amd

(unfortunately) very successful O

«But the picture is not complete until also 0 L mmi— . -
! -1 0.5 0 0.5 1
the phase has been constrained D

* Phase of the mixing amplitude is
poorly determined

» Both are needed to constrain New Physics:

My, = [My, |eiFM =| My, |e_i2rSS

.............. Large value of CP Violation phase @,
4 NP IS a clear sign of New Physics!

NB: CDF and D@ use different notations 2ps(CDF) = -¢,(D9)

M.Rascigno - CPT@ICTR 7/5/08 iis



B.—~J/Py CP Violztinig Decay Pate

CP violation in interference of

decay with/without mlxm? in Bs ‘T J¥YKy Bi—= J/¥o
decays to CP eigenstate final state \ / \ /
, sin2p analog “B"7 S Bg”
= sin(2p) = sin(2p,)
Contrary to the sin2p case B, mixes
much faster & cannot show still <
the asymmetry grafically 51-4: e apeom
1.21 —— dN(B./dt (2p_=0.8)
“Signal” appears as a time and CP ya _ Taggedas B, D01
dependent modulation of the _
exponential decay 0.8["
2 In the SM the modulation is 0.6}
extremely tiny, the figure is
exagerated 0.4
Imperfect Tagging and 02
experimental resolution on proper to VAR 0a0a
00 05 1 15 2 25 3 35 4 45 5

time makes life very hard

o (typical dilution but no proper time
smearing here)

T (ps)

JI¥¢ is a mixture of CP eigenstate < need to be statistically separated
through angular analysis
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Arlzlvsls rloy

B, — J/¥Y[pp] O[KK]
By — J/[utp] KO[K*n] (control sample)

Jet charge

lepton

3. Measure decay angles in transversity base:
W=(0:,F1,v)

4. |dentify Bs/ Bs at production time:

5. Perform maximum likelihood fit:

Likelihood in m, ct, w, & J/ rest frame

W.Resclgrio - CPT@ICTR 7/5/08
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&==— CDFRunll Preliminary, L=1.351" . Data | S/B—0 5 |
o f | S/B~2 i — Total Fit
L M\ —Prompt Bkg
= ~ data '
Q 200
= _.
g [ "‘"- !.I__‘ ] + I #
2 = R
.é 100 200:_
T -
-g bt T B
3] el 100+
© l ' [
0 | | % | | | | | | | | | I&l | :I o I IIIIIIII I IIIIIIIIIIIIIIII I L1
°8 58 24 54D 5152 53 54 55 58 57 58
Mass(J/y ¢) (GeV/c") Mass (GeV)
Signal Candidates: Signal Candidates.
«~20001in 1.35 fb1 (Tagged analysis) «~2000in 2.8 fb! (Tagged analysis)

«~2500in 1.7 fb'1 (Untagged analysis)
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P—\V daczay rare
d*P(t, W) 5 z 2 bl CP conserving strong
e, oo Ag [T, T (W)+ | A |7 T, T, (W) ohases

C1A BT R0 A A U, 00 Sl SRR,
+| Ay Il A [cos(d))T, f5(W) d, =ag( A, Ay)
iF Abl AL |V+ fG(\Tv)

- Decay rate is a function of time, decay angles W= (01,F 1,V) , initial B,
flavor and parameters AT, [

- B, decays into admixture of CP eigenstates (L=0,2 CP even; L=1 CP odd);
3 independent decay amplitude

Using transverse polarization basis: A,, A,, CP even ; A, CP odd

> Interference terms allow sensitivity to CP violation in untagged (or
poorly tagged) sample

- f, (I=1,...,6) encode the different angular distributions

N
N
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P—\\ decay rate(I)

d*P(t, W) B i 2 & )
—= o AT T, L (W)+ [ A 7T, f,(W) CP conserving strong
dtcw A ERES
+| A °T fa(W)+ [ Al AU, T4(W) d, = arg( : )
1 A Il Ay | cos(c) T, f5() ” %1%
d, =ag( A A)

+ Ay [ ATV, Te(W)

T, = e x [cosh( AQ /2) Fcos(2R)sinh(AQ/ 2)] | +orme with A Srer e
Fnsin(2B;)sin( Amt) n= + 1(-1)for P(P)| fiip sign with initial B, flavor

U, = e x [sin(d, - d,) cos(Amd) Disappear summing B.+B,
- cos(d, - d,)cos(23,) sin(Amt) (untagged strategy)
+cos(d, -d,)sin(23;)sinh(Al't/2)]
2 _ Sensitivity to |Sin(2f,)| remain in
V, =+e™ x [ sin(d,)cos(Amt) CP,,., -CP,,, interference terms
- cos(d, ) cos(213,) sin(Amct) in triple differential decay rate

+cos(d, )sin(23,)sinh(AQ / 2)]

WL.Rescigno - CRTEICTR 7/5/08 2%
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