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Recap

« B mixing and CPV: detailed pattern of SM (CKM)
predictions, many channels

— Typical expectations: O(10%) asymmetries in rare (104 and less)
decays

— need many reconstructed and tagged B mesons = high luminosity!

« Measurements to be discussed in lectures 3 - 5:
— Tevatron: B, mixing ( ATy, Am,)
— B factories: CPV in B, B*
“direct” in decays,
“indirect” in mixing, and
“mixing-induced”
= CKM Unitarity Angles a(¢,), B(d4), Y(d3)
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Lecture 3 - Outline

Experimental facilities

B, mixing at the Tevatron
- Al , Am,

Detectors at the B-factories
— design criteria and performance

Direct CPV - Methods
— B K - Results
- Statistics,

systematics

Limits on indirect CPV
— Ag = (N(*I*) = N@FH) 7 (N(*¥) + N(H))
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Experimental facilities (B physics)

Past: LEP, CESR
Present: Tevatron, PEP-II, KEK-B
Future: LHC; Super B-Factory?

- SLAC-Based B Factory:
PEP-11 and BABAR




Recent past: LEP, SLC and CLEO

« etfe- > 79> bb
— LEP (Aleph, Delphi, L3, OPAL)
*4MZ° = 1.4 MB,4; B, b-baryons, ...; 6y, / Gpeg =0.2
* Py =30GeV = boost yBct =3 mm
 Silicon vertex detectors, particle identification
 Lifetimes, mixing, b-tags
— SLC (linear collider: SLD)
* 400K Z° = 140K B, 4 ; Polarized beam (A.z; measurement!)
« Smaller diameter vacuum pipe, pixel vertex detector
« ete” - Y(4S) - B°B?, B+B-
— CESR (CLEO, several upgrades) until 2001
« 17 M events, B, 4 only; o, /o9 =0.25
* Monochromatic B mesons, small boost: y§ = 0.06
» Vertex detector, particle identification; many important results!
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Decay vertex technology

An ete— Z%->bb event
recorded by ALEPH

One b hadronizes to By
fully reconstructed

with detached decay
vertex
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Present (1): Tevatron, Run I

« Tevatron @ FNAL: pp collider (CDF, DO)
— Large cross section and backgrounds, atE_, = 1.96 TeV:
o, =10°nb, o, / 0}y = 0.001
— All species of b-hadrons: B*, B?, Bg, B, A, E,;  yBct =3 mm
— Present peak luminosity: = 1032 cm2 s-1; /infegrated about 1 fb-

Collider Run Il Integrated Luminosity
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Tevatron, Run I

Ambitious program:
luminosity up to 4-8 fb-! by 2009
upgraded CDF and DO detectors

Physics reach:
top, W, searches, QCD
B-physics, including:
Rare decays, CPV, CKM, B,
B, mixing: (A'T), (Am/1T),
unique opportunity!

Combinad flavor lag
21 Sigraltackground
——  Layer 00 + TOF

----

sgnifcance (o)

B, mixing (old upgrade proposal, 2fb-!) —
20000 By—» D *mn, DJj*nn*n
Tag efficiency: eD?2=5.7+11.3%
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Present (2): the B-factory approach

« CM energy = 10.580 GeV
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1‘ |ciFe b l s
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Signal / Background:

it T _—

(i A 1(45) Y O -
JUA ‘_‘hﬁ 5 ~0.28
NN S o

had

BE threshold

 Asymmetric energy beams: boost the B pair

to measure At

ooooo

e'e” > Y(4S) »> B°B°

At ZD-22) /\

Cyp

Effective cross sections:

bb 1.05

cc 1.30

SS 0.35

uu 1.39

dd 0.35

'c+'c' 0.94

* 1.16

e'e ~ 40
boost :
for :
E(e‘ ) ~9GeV,
E(e+ ) ~3GeV,

s
b 23 * November 2005
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Y(4S)—BB events are simpler...
Fish-eye view:
CP eigenstate B'—>D*+ Eb—)» Y(2S)KY,

Flavour eigenstate

B° 5D

D' K-+ K° — 1t 1

o

-
i
%
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B-Factories: PEP-Il and KEK-B

— e*tee > Y(4s) > BOd_BOOI with asymmetric energy to boost the B mesons:
PEP-Il at SLAC and KEK-B at KEK

— clean environment, low backgrounds, high efficiency; small cross section
(= 1nb): luminosity is the key factor. KEK-B record: 15.8 events/(nb s)

— > 700 M B-meson pairs recorded in total by Belle and BaBar !

PEP-IT | Lastsummer: 244 fb-1 KEK-B Last summer: 287 fb-
Now: 265 b Now: 468 fb-1
260 | Integrated Luminosity(log)
BABAR 500
240 |
220 pEP-l Delivered 27560/ +21 fb! / \
—~200 —— BABAR Recorded 265.40/fb 400 \
;2;180 | BABAR off-peak 22.68/fb i g / +181 b_1
§1ﬁu ! 244 fb 1 E‘ / : f
£ 140 | e |
120 | % /—\\ 287 fb_l
é-vmo - g 200 /
80 | >
60 g
100
40 : -
20 | — 5 | /_/
SIS S SIS S A NS A A 1999 2000 2001 2002 2003 2004 2005

¥ ""«., 1999 2000 2001 2002 2003 2004 2005
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Future: LHC & Super B-Factories?

 Dedicated seminars:

J.N.Buftler, “Future experiments on CP violation in the B system at hadron
machines”

M. Giorgi, “Possibilities for future experiments on CP violation in the B
system at super B-factories”

D.Hitlin, “The asymmetric B factories”
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Detectors

CDF and DO
(BABAR and BELLE : next lecture)



CDF and D9
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The CDF Run II Detector

New silicon vertex

detector ey g R ——
L 2 gl O e

= inner layer at 1.35 cm

New central tracker

» Excellent mass
resolution

Extended u coverage

TOF and dE/dx
particle ID

Second level impact
parameter trigger

= Allows all hadronic B
decay triggers

(Rick Jesik, LP2005)

B
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The DO Run II Detector

e Silicon vertex detector
= In] <30

e Central fiber tracker and
pre-shower detectors

= |n| <1.5
e 2 T solenoid magnet

e New low pT central muon  {™=Jil _
trigger scintillators =1 _j ,_1‘,.1-1. 4-F 11

e New forward p system el A Al

i o e B fe B W S --' —
o -E—ﬂ“ﬂ“ﬁh-_ '“q =
= Excellent muon purity and

coverage: |n| < 1.5 ‘\‘ "
N EHEEEE L!rﬂ,u

e Second level silicon track [ , Nt
trigger being commissioned, SIS | by (e "'" TT '
B tagging at 3" |evel now '-'111 ,,,,,

L'II'_ "-

(RICk Jesik, LP2005)
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B, mixing at the Tevatron

=]
=i

*" { By mixing Am,=0.5 ps™’
{ B, mixing Am_=20 ps”’
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B, mixing: an open issue

- B, mixing: P(B, - B,) e (1—cosx,t/z,)

Am
Xs = : 1_15 = E
1_15 TS

LEP, SLD, CDF-I  Am, >14.5ps™

X, >211
XS — mBsnBs BBS st \/ts |2
X, My7s By fo |V, [
« Al and 4m,. expectations o Malls, By, To Vil

2
Al B +0.016
s _ ; 0.054%, ., *... 12 £+ 6% (quoted by CDF
( FS jtheor (ZloMeV] ( o ) ° (q y )

AT - , Dunietz et al, PRD 63, 114015 (2001)
A - (26375 +..)x10° Beneke et al, PLB 459, 631 (1999)
theor

S
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Triggering at the Tevatron

* Dimuons: J/y modes
pr > 1.5-3.0 GeV
CDF central, DO out to |n| < 3.0 -

LXY e
« Single muons: semileptonic & tag ‘_::}’.
DO: track-matched, p; > 4 GeV o

d = impact parameter

CDF: also p; > 2 GeV, with
120 um <d <1 mm (%)

Pz 2 GeVic; Iiw =

- CDF only: two displaced vertex 51800 G = 47 ym
tracks: hadronic samples! g 1o
pr > 2GeV, 120 pm <d <1 mm (*) §:E
Zp; > 5.5 GeV T
8000
(*) CDF Silicon Vertex Trigger (lev.2) 6000
Beamspot reconstruction, updated 1000
every 30 s; d resolution ~ 50um o

-gUﬂ 400 E'D'l.'l I o

Trigger on displaced tracks
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b-hadron samples at the Tevatron

CDF Run Il Preliminary 355 pb’1
F B VDL (DL k) § . rD;
—ID;

C N(ID,) = 4355 + 94

Entries per 5 MeV/c”

U,I..--I..

o

1.90

PR T [N TR W T TN AN SO T
195 200

mass(KKr) (GeVic’)
CDFII Preliminary, 355 pii’,B.— D.r, D,— ¢

2
=
P
=
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sy}
=
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= =2

[}
=2 a2

[

— Data
— Fif. Function
— B~ DO

e~ DK

— B DX

-— combinatorial

background

£ NDF = 132.7/1
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|
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Faal

P R N T
5.0
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B0

6.5
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November 2005

CDF
B.—D.,lv

N = 4355 + 94

Lumi = 355 pb-'

CDF
B—D.rx

N =526 + 33

Lumi = 355 pb-"

D@ b-hadron samples

Ifw—ptw 1.14 M
B+ > J/y K+ 1700
By — 1/y K@ 740
B, — /v K% 40
B.—>J/v¢ 100
A, >3y A 25
B.—o1/upX 65
X(3872) - J/ynt 230
B->D"uv 210
B"—>Bn 150
B.—»D_,uX 4
Bt > Dp+ X 46.2 K
By —» D* n+X 10K
B. = D.(¢n) n X 2900
B, » D.(K'K) un X 2500
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Al from B, - Jy¢



Al from B, - Jw¢ : method

m Relation of matrix elements to decay and oscillation parameters:

Am=M,-M,~2|M, M
¢ = arg| — —=
Al = FL — FH = 2’|F1: cos @ L,

m In the Standard Model:
e The CP violating phase, ¢ is expected to be small
e Mass eigenstates are ~ CP eigenstates with definite lifetimes
m The J/w ¢ final state is a mixture of CP states
o L=0,2; CPeven; (A,A)
e |=1; CPodd; (A)
m Assuming no CP violation in the B, system, measure two B, lifetimes,

7, and 1y, (or AT'/T and t) by simultaneously fitting time evolution and
angular distribution in untagged B.— J/w ¢ decays

m CDF result last summer: Al /I = I].GSig;i + 0.01

o Phys.Rev.Lett. 94 (2005) 101803
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B, —» Jy¢ : transversity analysis

Z-iL

y
/ X K ¢ Rest Frame
Ty Jhy Rest Frame
Angles and proper decay time: From an unbinned Max. Likelihood fit
p = {cosb, v, cos} to decay time-and-angles distribution:

ct = c(lp - fr)Mp /p2 Aoy Ay AL Cr, Cry , AL

d*P(F.t)
dp dt

x |Ag|2e7TEt - £1(F) + |A)|2e L - f2(P)

+]AL[*e™ - f2(7) + Re(AGA)) - fs()e .
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Al from B, - Jw¢ : recent results

e a)] CDF published: L =260 pb-', N =203+£15
5% o data o = (1.05 1218 4 0.02)ps
@ —fit all '
& 10 it B _ +0.58 ——
A o TH (2.07 Tghe £ 0.03)ps
T 10 _ ii? g } fit bkg.
e rl T AT, = (047 1230 £0.01)ps!
© 1 E
il [anm-w
0.0 0.1 02 03
ct (cm)
£ W2ss T2 SATGHV < Oaa DO preliminary: Lumi = 450 pb-', N = 483+32
: : s e T £0.13 |
3 o (B, )=1.39,,, £0.08 ps , 0.027?
2 i ——Background ' '
A o.zlg_gg o
i R, -017£0.10£0.02 [ |iaf+|Af
| dr(f) 0 2 2)3 . 9 7 3 o
U] = e [0 +[4,0) g(1+c.os 0)+|4, (1) ‘Zsm 0

B;ct, cm
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AT, : status and outlook

1 : ]
— =
DO vs CDF and (AI'/D)yo; = (1246)% o _ | Fvor-speciie @
O Pt (B2)
IE 1: 15 (stat only) * DO = f
< 0.8 :—:Lﬂlﬁ:ﬂ? :oiztsrgintﬁ o stat) ;[ *» CDF ) Mea?t_llrrzrcw:er“ts
- 0.4} \
0.5:— HFAG / ' Combined
0af- Winter 2005: 02}
ok LEP & CDF ) )
of 02h [ ]
n 11 12 13 14 15 16 1.7
0.2
e IWIA{IT'SI'iT"f’I . Estimated precision
Y32 0.0368 0.0396 0.0424 0.0452 0.048 I 12— with WA constraint (10 stat.)
cr.em £ 1.0 -.-.-. D@ default 10 stat.
DO, with lifetime constraint: < 0.8}
( _),, 0.6}
I-(AL72T) - D@ 1, & ATIT
1—}5 =] K m— 0'4:thanr.1ahand 3 &
1+(AT/2T) 0.2
7, =143+0.05ps DO sensitivity .
Ar for4fb-1 -0' EI....I....i....l gl .‘.I....I....ID.(.)-..tIT.(T-{.
— =023 04157272513 1.35 1.4 1.45 1.5 155 1.6
% ' T (ps)
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Am, from B, - DJv, D



Am, from B, - D v (D r): method

« Take a lepton and a “seed”-track for D, lepton
reconstruction (¢=, etc.) from SVT data

+ Vertex the D and then the (D.-lepton)

- Compute “transverse decay length” L5,
and the proper decay time ct

« “opposite side” flavour tag
= classify “mixed”/"unmixed” event

Electron or muon tag
Jet charge tag eD? = g(1-2wY

Y
.
.
*
.
.
.
o
*

B, vertex

LB,

primary vertex

Jet charge

back-of-the-envelope tags

calculation of significance S: lepton

D? N (ameo, 22 ct exponential distribution:
S~ > N N e See periodic wiggles by eye?
YN +Ng Likelihood fits, limits
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Am, : B, decays, reconstruction

CDF Run Il Preliminary 355 pb”
1600 — CDF

S B~ VDL (DL ¢ ) PO
= MO0F nip,) = 4385+ 94 e BS—) DS/V

N = 4355 + 94 DG | 460pb?

_ Lumi = 355 pb-' Semileptonic decay
D:I PR T T S NN T T SO T N TN T T TR N ST 1
785 100 105 200 B.-D.uv, D.=om d=KK-
mass(KKr) (GeV/c?) 52DV, Ds=9, ¢
D, signal D@ Run Il Preliminary
CDFII Preliminary, 355 pbi”, B.— D.x, D,— ¢ w3000 |
o 140 — Daa CDF E Untagged
% 120 — Fit Fungction E
— B—0Onx 2 ]
E _“JD -El.—:vD‘H BsﬁDsﬂ- %2000-
= — B—=DX @
3 a0 -— combinatorial
g background — i
E 60 /NDF = 132.7/425 N - 526 x 33 1000
E 0 e ' 13329+277
20 \ * Lumi = 355 pb-"
U C P R P A TR TR T S LA T T
5.0 55 6.0 6.5 SRR RRRY Mag e

(KK

K*K'nng mass [GeV/c’]
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Am, : CDF semileptonic analysis

s Luminosity = 355 pb™
SN N : S/B pS/\/(S B)
. . i +
D, - g (p—> K'K")
i o {50 i on- 4355+94 | 3.12 | 55.9
D, > KK (K® > Kz KOK_ | 1750483 | 0.42 | 22.8
Dy >7z'7n 7" - | 157388 | 0.32 | 19.4
Proper decay time ct: e
g = elnciencC
“Tr?nsverse decay length” | o~60um | Flavour tag D= dilution); 12w
B _ )Z : r)T (DS‘F) Tag type eD? (%)
N N e o Muon (0.70+0.04)%
5, (D;
Electron (0.37£0.03)%
ct = LB m(Bso) Py (DS_|+) 2ndary vtx (0.36%0.02)%
Xy —1+ 0 : 0
Dl B Displaced (0.36+0.03)%
pT( ° ) pT( S) track
. _ Highest p jet |(0.15+0.01)%
“pseudo proper-time” || “K-factor” Total ~1.6%

November 2005
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Am, : Likelihood and “amplitude scan”

Signal PDF
P’ (t)=N[i/2Te™(1— AD S, cos(Am,t))|® G(t'lt, o )x E(t)

N\ / 1

‘Amplitude” || Tag dilution || Proper time || Proper time
resolution efficiency
The complete likelinood function includes terms for four different types

of backgrounds; their parameters are determined by control samples
(sidebands) and simulations. Perform an “amplitude A scan” vs Am, values

“Amplitude scan”

If Am¢ ~ true value, A=1 is expected within its uncertainty o,

If Am, far from the true value, A = 0 is expected

The Am, value can be excluded at 95% CL if (A + 1.645 o, )< 1
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Am, : CDF results

s Semileptonic Channel

e Sensitivity = 7.4 ps

m  Semileptonic + Hadronic
e Sensitivity: 7.4 — 8.4 ps!

o Limit: 7.7 ps’! e Limit: 7.7 = 7.9 ps’!
10.CDF Run Il Preliminary 355 pb” CDF Run Il Preliminary L= 355 pb’
. e = |
. 8: + ;1::4:._11.:7 A 95% CL ]”’11: -7 ps g]+caatto a9sscLimt 7908
- 8F - B45 g gFesensitivity 7.4 ps ] 1 645 ensiivity 54 ps
S [ Pdatazlédso T |
= AL data + L6435 ' Iy data+ 1545 ¢ \ [
g 6- B “F:T:' » St I 2 data + 1.645 o (stat. only) ).L
<4 il ey
- il =0 . wiilll T
: L H b LLT( [ T
2+ il E
R -H""" I!II!I L) {
O it ettt 2
i ||
e 4] gemi : : .
- L emileptonic+Hadronic Combined
0 > 10 15 _%D 0 5 10 15 20
Amg(ps ) Am, [ps’]
November 2005 L.Lanceri - CP Violation and Flavour 31 m




Amplitude

Am, . World Average and CDF

World Average

m World Average + CDF Run II

u
e LEP, SLD, CDF run I e Sensitivity: 18.6 ps’!
e Sensitivity: 18.2 ps! e Limit 14.5 ps™
CDF Run Il Preliminary L =355 pb"
| +datat1c a 95%CLIMt 145ps’ ~datat1g a 95% CLImit 14.5ps’
2‘_ 16450 0 sensitvity  18.2 ps” 21 16450 O sensiiviy  18.6ps”
| REEERT data+ 16450
. data + 1.645 g (stat. only) data £ 1.645 ¢ (stat. only)
1 v 1
o O ﬂ
4 =
- £
U' < ﬂwwwwwﬁmw
14 11 ,
1 World Average CDF+World Combined
0 5 10 15 20 0 5 10 15 20

Am, [ps’]
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Am, : expected improvements

sensitivity ~ 15ps-!in 1 fb-’

CDF expect combined hadronic and semileptonic

m Add new tagging algorithms
e same side Kaon
m Add more channels
e K*K, 3n
m Add signals from other triggers

e 4GeV-lepton + 1 displaced track
trigger adds 3x data

m Improve decay time resolution
with event by event primary
vertex reconstruction

D@

Semileptonic reach
~12 pstin 1 fb!

e November 2005 L.Lanceri - CP Violation and Flavour
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B-factory detectors

BABAR and BELLE:
Optimized for time-dependent CP asymmetries



Time-Dependent CP Asymmetry Measurement

L
J/ + Exclusive
v H n B Meson
0 / Reconstruction
Y ( 4 5) B/"ec PZ: — CP eigenstate
> c— | s T
Bfag I
Y(4S) produces | A
coherent B pair: :Az i 2601um| \ K-
f— At i: ;: B
!
At ~ Az / <By>c

B-flavor tagging

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging flavor states)
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Time-Dependent Mixing Measurement

Exclusive
B Meson
Reconstruction
Self-tagging
Y(45) Flavor state
B ——
e e’

Y(4S) produces
coherent B pair:
o> Af

At ~ Az / <By>c

B-flavor tagging

B-flavor tagging efficiency and At resolution function are obtained from data
(measurement of mixing, with exclusively reconstructed self-tagging flavor states)
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“Back-of-the-envelope” sensitivity

« CP asymmetry: sensitivity
— Observed asymmetry: diluted! A_,. =D A.p
— Uncertaintyon A, =A,,. /D

obs

1 examples and numbers:

—~ 1 —
5ACP — DvNg. D\/E}{ Brx N, see for instance
BaBar Physics Book

rod

* Figures of merit
— Number of produced events N g = _[ Ldtxo, - x 21,

— Efficiencies &E=CEyg X&cp X gtag

x d

— Dilution factors D = dmix tag dbkg

\ d.x = X/(1+x)? = 0.47 , for time-integrated
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BaBar Detector

EMC
6580 CsI(TI) crystals

et (3.1GeV)

1.5T solenoid !

yi !

DIRC (PID)
144 quartz bars
11000 PMs

Drift Chamber
24 stereo layers
16 axial layers

e (9GeV)

Instrumented Flux Return
ron / RPCs (muon / neutral hadrons

Silicon Vertex Tracker
5 layers, double sided strips

SVT: vertexing and tracking: crucial for At and low p; tracks

DCH: main tracking device, also dE/dx for particle ID

DIRC: K-n separation > 3.4c for P <3.5GeV/c

EMC: very good energy resolution; electron ID, n° and y reco.
vFf,,,%IﬁFR: Muon and neutral hadrons (K°) ID
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BaBar: the Silicon Vertex Tracker

double-sided Si microstrip
detectors

5 layers: 340 wafers, 150000
readout channels

20°< 0 <150°

Gpoint = 10-15 um for the inner
layers

Kevlar/carbon-fiber support rib Si detectors Fy
Carbon-fiber endpiece

[

Il

2
[

—

cm
Cooling ring
Garbon-fiber Lpilex fanouts
support cone = = Hybrid/readout |Cs
Beam pipe e BD“'M"*:\ ! o 350 mr ¥
Tae — - = S e — — - — -
+———— 30 cm > 40 cm >
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Particle identification: the DIRC

DIRC MECHANICAL COMPONENTS

 Detector of Internally
Reflected Cherenkov
light

144 quartz bars (1.5 cm thick)

11000 PMTs, 25-50
p.e./particle,

9mrad single photon resolution

C[AL]
Dgtector  moNFLANGE(aL) /

Surface ONG SUPPORT TUBE {S5T)
[IRON]

¥
COILRING 'l._.
¥

ASSEMBLY FLANGE [$5)

'%ll STAHDOFF BOX (30B)
COMPENSATING COIL \

L.Lanceri - CP Violation and Flavour 40



K identification performance

Charged K identified by e i BABAR -
DIRC: Cerenkov angle 7 i}
DCH: dE/dx (p < 0.7 GeV/c) I

Efficiency and purity measured on 065 > 3

control samples (soft pion tag) Momentum (GeV/c)
D** — DOx*, DO — K* 9 0; IR i
2 0:3 ’,: T BABAR
& 07 1 D’ sample "'+ E
g | | [EE—
2 0'60 1 3 4 5
>3.40 n/K separationupto~ , —
w 0.2
3.5 GeV/c g
”EU'J- 0.1 - e N |
B Qte—e®e®® = . . 0
0 1 3 4 5

Momentum (GeV/c)

e
.‘:‘"'% > November 2005
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Lepton identification performance

electrons

Ingredients: track matching, E/p,

EMC cluster shape, dE/dx
consistency

Typical tight selection efficiency
(E>0.5GeV):

e~ 92%, 0.1% = mislD
Measured on control samples

muons

IFR penetration and hit pattern, MIP
consistency in EMC

Typical tight selection efficiency
(E>1.5GeV):

e~ 15%, 3% = mislD

0.75

Electron Identification Efficienc

]_,

. 0.1
- "-.--.—-.--.—'m-.—.—.'.'_

B - o 0.08
- et m tight
® very tight ) i
I+ N ) —10.06
- 7T [ tight 2
— O very tight
o —10.04
=
o —0.02

_|.
B -
OO O OO Q- O OO OO 0

o

T TR

0

o
¢

Muon selector performances
o
oy}

0.5 L 1.5 2 2.5
Momentum [GeV/c]

BABAR

= Muon efficiency
o Pion misidentification

LN
- O e T

-~
. _.'
.

For 172 < 8 < 155°

November 2005
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Belle detector at KEK

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid _ 5.
1.5T [ ]

I\_"x f
! 1

3.5GeV et

Csl(TI) 16X,

TOF counter
8GeV &

7
r & Trarlking iﬁg[dx
- ._small cell + He/C;H;

n/ K, detection

3 lyr. DSSD 14/15 lyr. RPC+Fe

Both BaBar and Belle: optimized for CP asymmetries
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LP 2005
CP-side ® AT=Zcp— Ttag
At ~ Az/(yBe)
o |‘ < @ |nteraction Point 3= Az
3 = B flight-length in x-v: only ~ 300
N C:_—_'_ —=:::I . . ¢ ; ¥ !
\ o ( conservation in ['(45) — BE
\ w(t) =B} > |B) > —|BY > | B} >
tag—side (one is BY and other is B at any time)
The other I provides time reference and flavor tagging at Ar = 0
Parameters BaBar Belle
e e energy 3.1 x9GeV 3.5 x 8.5GeV
vB 0.56 0.425
Interaction point (i = vx [ 120um < 5umx 85mm 80um = 2um x 3.4mm
Typical Az 260um 2000 m
. (CP-side) 50 um 75um
. (tag-side) 100 ~ 130 um 1401 m
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At resolution effect
CP time-dependent asymmetry (C=0, S#0)

1.4 [

0.5 | —_ N
Taa f - BO BO| 12F

ag rrom ,, 4 bl -
“other B” : %9 Tag T

0.8 [

0.3 F

N 0.6 F
0.2 F -
0.4 F

0.1 F C
- 0.2 F

D:F/IIIIIIIIIIII

At/t At/t

perfect resolution smeared resolution

Time-integrated asymmetry = O | | AT r‘esolq'rion dominated
= Need both At and tag ! by tag side:

Bo(go)% f ~1 p8©170 um
CcP 15 ~ 1.6 ps <> 250 um
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Af resolution effect

time-dependent mixing

Tag from
“other B”

perfect resolution smeared resolution
Measure mixing At resolution dominated
and tag efficiency by tag side:
using self-tagging decays | | _1 ps < 170 pm

— =

B” — fself—tag 15 ~ 1.6 ps < 250 um
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Exclusive B decay reconstruction

 Likelihood fits with g0 [T :
discriminating variables: 100 | :
— Kinematics: o
"1 —o(mg )~ 2.5 MeV
Mg \/Ebeam 0 O'(AE)z15+3O MeV
—- u;-ﬂ.r"—"--"-"— S :J....’...,.......,.
AE = E Ebeam % 100 mgnal RE
. 2 r*egm \- P
— Particle ID: &, K, e, , ... s N . N
— Event shape variables, to St @
separate the continuum bkgd s =0 LT
(use “off-resonance” data as 7 - sidebands E
control samplel!!) R e R e
- Efficiency \ e (V)
— Typically € # 15+40%

* Purity
— Up to 97% (for JIyKy)

Continuum

SRt BB event
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B Flavour Tagging

CP asymmetry is between BY - f and B? = f
Must tag flavor at At=0 (when we know flavor of two Bs is opposite).
Use decay products of other (tag) B.

Leptons : Cleanest tag. Correct >95%

& ¥
. W‘/‘"“H v = W+/"‘“‘“~ v
b/ c 1B c Overall tagging performance
: -90% 2 ~
Ka?;_s :  Second best. C;r:—ect 80-90% Zgi (1_ ZC()I) ~ 28%
r"b\_,_/_c_ K-_\ @ /E 3 I
v WA\ AT W\ AU recently improved to 30.5%
\ d \ d BaBar
Soft and hard pion tagging
B’ — D"\z" g, tagefficiency
> D7’ @, wrong tag probability

BO: fast -, soft =+
BO: fast n+, soft =~
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Direct CP Violation
In B decays



B° » h*h-: direct CPV ?

Tree-level b5u =T BF(BO —> K"z )=| Penguin dominated:
CKM S (18.5+1.0)x10°[ A, _=A1%"T +P
suppressed K
PP W Expect direct ¢PV asymmetry and

constraints on y (theoretically difficult!)

BO% Vub %n'

d A

T(B— f)—F(§—> f_)_
"T(B—>f)+r(B—>f)
- p - 2T||P|sin §'sin y

' T +|P[* +2T||P|cos 5 cos

Internal Pengui

(where 5 = CP-conserving strong phase
complicated by long-distance & re-scattering)

\

Look for direct CPV!
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Direct CP asymmetry in B® - K'r~ |

- BaBar analysis (2004) (Likelihood Projection !)
— 227 M BB events BAR
ABAR
— 68030 selected events hep-ex/04070570 297M BR
« Extended ML fit: "o ——— |
T . = 4001 a) -
— discriminating variables: 2 . o
T, = {mas, AE,F,0F,67) @ ook B K- _
/ / -l:"‘:; = - e -I--l- —
— Fisher, Cherenkov angles 2 o
- Fitted parameters ;,D.l- b) i
— Yields for Kr, tr, KK D o
., =1606+51 E =
Kr — - R J
n,, =467+33 < o1k =
N =3%12
52 522 524 526 328 53

— asymmetries for signal and

2
background A, _ , AP mg (GeVie)
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Observation in 2004

« BaBar result (significance: 4.3c), soon confirmed by Belle

_ n(K‘f)— n(K 72'_)
n(K _7z+)+ n(K*;;‘)

A = —0.133+0.030 (stat )+ 0.009 (syst)

« Systematic uncertainty
— Dominated by the asymmetry of identified charged tracks

— Controlled by the background asymmetry, compatible with zero; the
bkgd is from real K and = with the correct kinematics, from opposite
jets of continuum cc events

- Coherent results in all subsamples A¢. =—0.001+0.008

Sample Ngpg  ng« Akr Al
19992001 21.1 142415 —0.240+0.102 0.006 £+ 0.026
2002 66.4 479 4+ 27 —0.102 £ 0.055 —0.008 £0.015
2003 34.1 241 +£19 —0.109 £0.079 0.007 £ 0.021
2004 104.9 743 +33 —0.142 +0.044 0.004 £ 0.012
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K-t separation

Crucial ingredient to distinguish B — Krn from B— nn
particle identification: K/n separation > 3o up to 3.5 GeV

T T T T T T T T T T T T .10 T T T T T T T T T T T T T
E L
085 = B 7
_—+— i
i 3, L b) BaBar |
E L i
S ——
0.825 ; S
| - ]
M L
I ——
0.8 4 —+— |
: ]
L ¢ i
d ]
0.775 B
_| | Lo [ T I TR TR [ I 0 _| AR [N R T N T [N T TN S R [N TN TN S S NN M
2 3 4 2 2.5 3 35 4
p (GeV/ic) p (GeV/c)
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Update at LP 2005 K.Abe

B’ — K~ 7t is Different from B" — KTz~ LP 2005

Belle (386 x 10°BB)

Babar (227 x 10°BB)
% 4007 ' 1 ERaefw T
= 2 1
% = 200t f“ -
& z AR 5&E B3
& 01} ] M, (GeVic®)
Pobetet 1
54_1— _]_ i %;E{lﬂ
-0l 0 0.1 51 522 524 52 528 53 @ 500
AE (GeV) My (GeVic?) E 00
solid lines are for K~ e
200
1{"] ......
) — 05
AE [GaV)
Acp(Kn7 ) =-0.1134+0.022 +0.008
Acp(KT7™) = —0.133 £0.030 £0.009 cr )

(was —0.101 2 0.025 4 0.005 with 275 x 10°BB)

Definitively rules out Superweak models
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“direct” A-p: experimental status

CP Asymmetry in Charmless B Decays

+1.0

= : i
o = BABAR of b JULY 15th 2005
CDF &
—— PDG2004 QO
" = MNew Avg. -1\:‘ %R
* - > *b'
i & g * &% Qa S
RE- _ | EN ﬁw:' ;% ﬁ k) 3‘7 M ,s.ﬁ.- { ) A @
RS {1 &
- N I Qb } ) } L ,,*'
EA v &
bl P ROREET A IR AL (A
n 1 ‘4:‘ e & * i p) * .@_ %‘1\-'%
| : ¥ & N &
4 &
- ‘ﬁé
* ;E
- $ 2_'6"
-1.0

No other evidence up to now
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Acp in charmless B — PP

K.Abe, LP05
Decay Mode BaBar Belle SM diagrams
K mn~ —0.133 £0.0304+0.009 | —=0.11340.021 £ 0.008 | tree, penguin
Ktq? +0.06 £0.06 £0.01 +0.04 +£0.04 £0.02 |tree, penguin
KEHJF —0.094+0.05+0.01 +0.05+0.05£0.01 |penguin
Kon® —0.06+0.18+0.03 +0.16 £0.29£0.05 |penguin
TrmT +0.09+0.15+0.04 +0.52+0.14 tree, penguin
atal —0.01£0.10+£0.02 +0.02+0.08£0.01 [tree
7070 +0.124+0.56 £0.06 0.441'3:2% +0.17 tree, penguin
KK~ signal not seen signal not seen W-exchange
K+KY seen seen penguin, annihilation
K°K" seen seen penguin
P T s e U e
> d . d’ d —U

tree (0, = ¢3)

penguin (¢,, = 0)

W-exchange (¢, = ¢3)

annihilation (¢,, = ¢3)

Extraction of ¢»; may be difficult due to hadronic effects. Hope to learn about them from measurements.
(e.g. Why Acp(K*7") # Acp(KT ™) ? Expect the same based on naive factorization)

“F November 2005
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B, limits on CPV in mixing



B, lifetime and mixing: status

HFAG, Winter 2005

o IALEPH, DELPHLLS, g [ ]|
BELLE, ARGUS and CLEO b | I P
’ 0.444+0.028+0.028 ps*
measurements 1
) S 3:;:.51.} . 0.479+0.018+0.015 ps
0.495+0,033+0.027 ps
assumi ng 0.504:0.02540.012 ps*
DO 0.456+0.034:+0.025 ps -
T4q =1.528+0.009 ps ety | *
BABAR ] 0.515+0.004:-0.006 ps
{1prelL + 3 analyzesc)
0.509+0.004+0.005 ps*
1 .
Am, =0.509+0.004 ps Sverage ot sbove " 0.51040.005 pe
X, =0.778+0.008 e e B Rl
d - world average H 0.509+0.004 ps'L
Zd = 0189i0002 * 014 | n.a|45 | 015 | n.|55 |
ithons et Amy (ps™)

November 2005 L.Lanceri - CP Violation and Flavour 58




Ag, and CPV in mixing
CPV in BB Mixing (Analogous to &k in K" System)

CPV in mixing — |g/p| # 1 Mass and flavor eigenstates:
|Bi>=p|B*>+q| B>
This can occur if ;’lfj’l-a and [ > have different phases | By >=p| B > —q | B° >

Iyl 3zm m; b 1 d

¢ \m ,.‘ — 2 mu 5'0{!}11 ,-’mu ﬁ(m, B’ § % R
. . o | b

® Oy, — Pr, =7+ ﬁ}j(m ) (Om,, = @1 in SM) : -

o 1|4 ~1m (,E,,) ~ 6(107%)

d R b

Charge asymmetry in same-sign dilepton events Asp = (1 —|g/p|*)/(1+|q/p|*)

at the B-factories:
P(B° > B°)-P(B° > B°) _ FY<45)%.+. sy
P(B° > B°)+P(B°—>B°) T  +T,

Y(4S)-l Y (4S)-I71"

ASL
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Ag , |d/p|, eg are related

Ag observable and CP parameters:

P(B° > B°)-P(B° - B)

A, =—= —
* " p(B°>B°)+P(B° - B°)
Ay = Drtaspor ~Tvtaspor — |«—— at the B-factories
FY(4s)—>|+|+ + FY(4s)—>|—|—
2 2 4 4 equivalent to g,
_ \p/q\z \q/p\z 1 \q/p4 1 4Recs . — e K systern
p/a +a/p|” 1+[a/p| |1+|es]
g, = =49 _ q_1l-¢g ﬂ:41_ASL
P+Q P l+gg P 1+Aq
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CPV in B4 mixing: Ag,

Experimental status:
from measurements at LEP, CLEO, BaBar and Belle:

\q/ p\ = 1.0013+0.0067
Ag =-0.0026+0.0034 HFAG, Winter'05 average
=-0.0007 £0.0017

Not easy to improve: systematics!
For example, the most recent paper: GELLE, hep-ex/0505017:.

BELLE 2005
(78 + 9) fb-

Ag = (—1.1 £ 7.9(stat) £+ 7.0(sys)) x 1072,

|q/p| = 1.0005 4 0.0040(stat) + 0.0035(sys).

Re(eg) _, . » e e < 1/5 of the
T nl (—0.3 & 2.0(stat) £ 1.7(sys)) x 10 available data !
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Ag, : what does it take?

To measure the charge asymmetry in dilepton events,
Quoting from BELLE, hep-ex/0505017:

careful charge-dependent corrections, in several steps.

Subtraction of the background from continuum e+e— - qq
(where q = u, d, s or ¢), using off-resonance data.

From control samples. corrections of all detected lepton tracks:

charge asymmetries in the efficiencies for track finding (< 1%)
and for lepton identification (< 1%)

charge-dependent probabilities of mis-identifying hadrons as
leptons (main effect: 2% “fake” ut are K*, with 0.02x0.5 ~
1% charge asymmetry)

Separation of the remaining backgrounds from BOB° and B*B-
using their different behavior in the At (Az) distributions.
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Ag, : typical systematic uncertainties

TABLE II: Source of systematic errors for the measurement of A .

Category Source Ady (x1073)
Event selection Track selection +2.61

cos 87, cut +0.63

Lepton pair veto +2.33
Continuum subtraction +4.88

Track corrections

Track finding efficiency +1.56

Electron identification efficiency  +0.56

L\

Muon identification efficiency +1.98
Fake electrons +0.45
Fake mmons +0.81
Relative multiplicity +0.56
Ax fit for dileptons Detector response funetion +0.07
Amy +0.08
TRo +0.07

69 pm smearing of background Az +0.13

Statistics of signal MC +0.01
Statistics of background MC +0.19
Fitting range +0.04
Assuming NVt =N, +£1.59
Mz fit for Ag Fitting range +1.30
Total +6.97

Control samples:

ee — (e*e‘)e*e‘ , e'ey
simulation embedded in data
Ke »>7z'n", ¢—>KK,

A — pr,

(D*_ D%, D> K_7Z'+)

Ag:

systematic uncertainty
BELLE, hep-ex/0505017
0.007 = 7x10-3
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Older BaBar result (23 M B-pairs)

Aryop = (0.5 = 1.2(stat) £ 1.4(syst))%  PRL 88, 231801 (2002)

L =)
lg/p| = 0.998 + 0.006(stat) £+ 0.007(syst). N g
Ets : Ez
Tvpe of systematic error J(Achp)(%) 4 z
Electron charge asymmetry in the detection 0.5 :‘; - :':;1
Muon charge asymmetry in the detection L5 E':'-ﬁ . §
Non-BB background charge asymmetry = . “

%5 1 15 2 25

E B background charge asymmetry o (G

Correction of the background dilution

Total 1.4

ét& - é
S 4 - §
§1oou—lll:III|IIIIIIIIIIII.IIIIIII.IIIIIIIIIIII % - %
8 Same-sign dileptons 1 - 2
BB b—c :

BB misID | B B, (GeVic)

=
Y
-
s0— 1, Backgrounds - S
- J/\ll g: 1
L , [ i
s . non-BB g e ot
- S|gna| =t : MC direct-direct
200— Eu'ﬁ [ AR MC cascade(s)
el v s [ MC misld(s)
NN INATINT AN A AN AT AN O |-|“-|-_|"|'_1"|"|--r-+- B = 0 L S T e S,
uﬂ 200 400 €00 800 1000 1200 1400 1600 1300{ 2?00 AZ (um) . L 2 a :ra:;}
AZ (pm 12
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Lecture 3: Summary

« Bs mixing from CDF and DO:

Still x, > 21, significant work needed to improve (...LHCDb ?)

+ “Direct” CPV seenin By —» Kn |
A (K77 )=-0.133+0.030£0.009 BaBar 2004

Ao (K77 )=-0.113+0.022+£0.008  Belle update 2005

* “Indirect” CPV in mixing (ASL) not seen yet
A, =-0.0026+0.0034 HFAG world average, winter 2005

Next: ... Unitarity Angles!
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