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e Short Reminder on B Mixing & CP violation
e CP violation in By — J/W¢:
Summary of Recent Measurements from CDF & DO
e Ingredients to the analysis
e Cooking up all ingredients: The Likelihood-Fit
e Sensitivity on Al and ¢, @ LHCb
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Phenomology of Mixing

BY BY
Schrodinger equation: z’% _ = (M — % ) _

BY BY
Diagonalizing of (M — % ) — mass eigen states:

|Br, >= p|B® > 4¢|BY >, withm,T'1
By >=p|B° > —¢|B% >, withmy, Ty

1p|? + |g|?> = 1 complex coefficients

Flavour eigen states:
‘BO >= %(‘B[, > +|Bp >)
‘BO >= i(‘BL > _HBH >)
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Time Evolution

“ Tyt —imyt

‘ BH,L1t> =bH,L(t)‘ BH,L) mit bH,L (H)=e e

P(B° - B" t)=|r ()]

P(ED N B“}t): ng(t)E

CP-violation in mixing: P(B° — BY) # P(BY — BY) < 1 #1

Note: There is a phase difference between f, & f_



Mixing 1 X1

flavour eigenstates B & B # mass eigenstates By & B,

By By
Am=mpg -mp 0.5ps—! 17.8 ps—!
Al =T} -Tgy 0(0.01), O(0.1)T,
¢ arg(Va Vi) (=20) | =arg(VpVis) (=205)
sin(23) ~ 0.7 ~ 0.04 (SM prediction)

B slow mixing, not measurable AI', large mixing phase

Bg: fast mixing, significant AI’, tiny mixing phase (in SM)

- p.4/24



C' P Violation

CP violation: |A(B — f)|* # |A(B — f)|?

Within weak interaction, moving from particle to antiparticle,
system amplitudes are complex conjugated.

No CP violation if:

e There is only one amplitude contributing to the decay:
A = | A%

e The sum of two amplitudes, where both are complex
conjugated by moving from particle to antiparticle system:

Ay + Ag|? = (Ar + Ag) (AL + AS) = | AT + A3)?

For CP violation one needs two complex amplitudes, where one of
them is complex conjugated and one not by moving from particle
to antiparticle system.
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C' P Violation

Al — A1€i¢16i51 E Al — Ale—’i¢1€i51 .

T

AQ = A2€i¢2€i52 A _ A —igbg 109
2 = A2€ €
CI

AP AP
A% + A% + 2A1 A5 COS(A¢ + Aé) A% + A% + 2A1 A5 COS(Agb — A5)

A; and Ay need to have different weak phases ¢ and
different (e.g. strong) phases o.
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3 “ways” of C'P Violation

1) Direct CP violation:

s
W K+
; By «/41 ei*arg(Vuqus) 67;51

» K TT

0
— U
d
s
b | AQGi*arg(VtZVtS)QMQ
B° g
/- u

CP Asymmetrie:
AP —|A]? = 2|A1|Az|[cos(arg (Vi Vis +6)) —cos(arg (Vi Vis —

A Y\
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3 “ways” of C'P Violation

2) CP violation in mixing

CP eigenstates # mass eigenstates (|Z%\ + 0)
— (C'P violation in mixing.

Model independent: CP Violation in mixing < O(ﬁ—;)
By B
Am=mpyg-my 05ps~! | 17.8 ps™!
AT /T =T -T'g)m | O©0.01) 0D(0.1)
T7=1/T 1.5 ps 1.5 ps
— CP in mixing 0©.01) | O(0.01)

In first order, CP violation in mixing negligible in B system, however

It Is Important in the kaon system
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3 “ways” of C'P Violation

3) C'P violation in interference between mixing and decay
Same final state through decay & mixing + decay

b

b ————2C J/y ¢
d gngjtb: :d§ZKS

A1 = Apmiz(BY — B°) % Agecay(B® — J/VK,)

A |
mt)*A*ew

= cos(

As = Apmiz(BY — B°) % Agecay(B® — J/TUK,)

Amt . .
m )*e+7’¢>1<A>ke_w

= ¢ sin(

A¢ = ¢ — 2w (assume no CP violation in mixing and in decay)

Ad = /2 <= mixing introduce second phase difference

- p.9/24



By — J/Y K

b < %J/LlJ d : . g JIY
N O Gl R .
\H Ks d T~y K.

D(B — J/UK)(t) = T(B = J/VK,)(0
D(B — JJUK)(0) + (B = J/VK.)(D

= Nk, *SiN(Gmiz — 2w) x sin(Amgt)

Alt)

CP|J /WKy >= k.| T 0Ky >= —1|J /1Ky >

gbmix — CWQ(thVtZ) — 25
w = arg(VaVs) (VasV2) = 0

Vuda  Vus Vaub 1 - % A AN? (P - 7;77>

2

Vekr = | Vg Ves Vo | = —A 1— 2 AN? +0O(\*)
Via Vis Vip AN3(1 —p—in) —AN? 1
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CP|J/YpKs >

By . JP =0~ (pseudo scalar)
J/: o JYP =171 (vector)
Kg: JP=0"1"1 (pseudo scalar) b N % \]/Ll-’
\
Angular momentum conservation: d < S
0=J(J/YvKy)=|S+L|;—L=1 \H Ke

P(JJYKs) = P(J/{)* P(K) = (—1)"
CP(J/$Ks) = CP(J/¢)* CP(Ks) * (=1)"
- —1:

)

— CP odd final stage (17 /y k, = -1)



By — J/Y K

tV tagging side
—

i ; KT o

; : H signal side
| | +

I : TT

At REE

A(t) = [(B—J/¢Ks) (1) =T(B—J/PKs)(t)
[(B—=J/YKs) () +T(B—J /Y Ks)(1)

Correlated final states at B factories
— at ¢ = 1 flavour of signal B fixed by flavour of tagging B.
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By — J/Y K

tagging side
QA U J/
= sighal side
T[
T
OR!
sne) 7~ .
T
: S

A(t) = —sin(20) sin(Amt)



By — J/Y K

tV tagging side

i ;
: U_ g |
; H sighal side
w K
. I o
E<—>E
At . .
; / tagging side
! ! —

/ 5

\1 u . .
W signal side
T S



By — J/Y K

A(t) = -sin(23) sin(Amygt)

Babar:
sin(Qﬁ) =0.722 + 0.040 + 0.023

Belle:
sin(26) = 0.652 + 0.039 + 0.020

~<<
111

Q
| IIII|IIII|IIII|I
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Bs — J/¢¢

Basic idea similar to measurement of sin(23):
— b

b ————2C J/Y ST L eI
< §2 (p<:::>b : 5S§z(p

e No CP violation in mixing
e No CP violation in decay

Pmiz = arg((‘/ts t}l;)z) = 20 ~ OO4(SM),
however potentially large contributions in NP (— Uli N.)

w = arg((VeaVes) (VusVis)) = 0

Vud  Vus Vb 1 - % A AN? (p - 7377)
Vorm = | Vg Ves Vo | = Y -2 AN + O\
AN3(

Via Vis Vi 1—p—in) —AN 1
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Bs — J/¢¢

B, . JP =071 (pseudo scalar)
J/p: o JOP =17171 (vector)
O: . JOP = 1711 (vector)
Angular momentum conservation: P(J /1)) = P(J [ 1)*P(P)*(-1)"

0=3(J/Y¢)=|S+L|;—>L=01,2 CP(J /1)) = CP(J /)*CP(¢)(-1)~

L =0,2 — CP even final state Final state no CP eigenstate but linear combination!
L =1 — CP odd final state Angular analysis, to separate CP even/odd contributions.

Three decay amplitudes: | A | (L=1), |4, |Ao| (L=0,2),
+ two rel. strong phases: d; = arg(A)(0)AL), 62 = arg(Ap(0)AL(0))

Additional complication: AI is not negligible in B, system.

—> add. time modulation on top of mixing, I'z7 & I';, both have to be taken into /
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)2 [Ao(0)[2
B 2

g 2T+ sin( At sin ]

[[1 +cosd,) e TE 4 (1 — cos ¢, ) e TH!

— A (0O 2
|A||Iiﬂ|E - %[{I‘I‘cm@sjﬁ_ru—k{1—{1ﬂ5¢'>s}ft_rm

= 2¢ T+t 5in(Am,t) sin m]

AL = S5 |(1—cosgn) e TH 4+ (14 cosgp,) e TH!

+ Et___—Fst Sill{&ﬂ'?llqill Sill E]h.'“|

1 .

Re{Ag(t)4 ()} = 5 Aa(0)||4)(0)| cos(dz — 1) [(1 +cosds) e T 4 (1 — cosgs) e T H!
2 2T+t sin(Am.t) sin m]

Im{A{(H)AL()} = =|4)(0)]|ALO0)| [E-_FJ‘ {sin &y cos(Am,t) — cos d; sin(Am,t) cos ¢}

1 :

¥ 5 (e7T8t — ¢7TL!) cos by sin gﬁs}

Im{A}(H)A (1)} = =|As(0)||AL(0)] |:£‘._F“t {sin d; cos( Amt) — cos dg sin( Amt) cos ¢ }
h % (t L PLt) cos 0y sin ¢ ]
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No CP violation in B/, mixing.
No CP violation in decay By — J /YKy, Bs — J/¢¢

Summary

Sensitivity to gbd/s = Qﬂd/s via CP violation in interference of mixing & decay.
Bq — J/} K, By — J/¢¢
CP CP odd eigenstate comb. of even/odd

eigen states — angular analysis

AT

too small, no sensitivity

AT measurable

20)

only tagged analyses

In untagged analysis
due to large AIL';
higher sensitivity

In tagged analyses
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J /1Y ¢p @ CDF

CDF analysis | LHCb prospects
signal events 2.500/1.7fb~1 | 130.000/2fb~*
e D? 5% 10%
proper time resolution 100 fs 40 fs
S/B 1/1 0.1 777
DO numbers similar to CDF.
CDF Il Preliminary L=1.7 b
Ni-i 400F CDF Il Preliminary L=1.7 b’
% : » Data % - . Data
= 350} — Fit 0 10°L — Fit
3 300:_ — Signal EJ_ _E:asgka;round
N o . CP.cven
023_250:_ Background % 17|
Q R 0
S 200 o
O - | o {
T 150] \ © o4 |
o L o
O 100! pRAY e
g ¢ j (‘;# 1 f
50: 1 i
O 530 535 540 545
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J /1Y ¢p @ CDF

- 1D Feldman-Cousins procedure without external constraints:

2B3.1n [0.32, 2.82] at the 68% C.L.

- with theoretical input AT" = 0.096+/- 0.039
2B.in[0.24,1.36] U [1.78, 2.90] at 68% C.L.

- with external constraints on strong phases, lifetime and AT’

2[3.in [0.40, 1.20] at 68% C.L.
- B, parameter space is greatly reduced when using flavor tagging:

CDF Run Il Preliminary L = 1.7 fb’

- Confidence region:
- —90%
- = 95%

¢ Standard model
I New physics modzls

flavor tagging

. 06

0
£ 0.4
—

< 0.2

0.0

» -0.2

-0.4
-0.6

CDF Run Il Preliminary L=1.35f"

— 95% C.L.
— 68% C.L.
-= SM prediction

TN

_________________________________________________

s

1
[33 (rad)
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Tagged vs. Untagged

203.-AT" likelihood profile

0.8 ;
=0 63_ 2Alog(L) = 2.3 =68% CL
w T 2Alog(L) =6.0 = 950/::@ CL

& N
¥ 045
0.2/
-0.0;
0.2 ;'
0.4}
0.6

— un-tagged
—— tagged

-0.8" '_'2' ' (') ' 2'
2p_(rad)

Tagging helps to reduce 4 folded ambiguity to 2 folded one

Otherwise tagging has very little impact ...
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J /¢ @ DO

—047 ) DO, 2.8 fb™

m B Jyo
AM, =17.77 ps™

o
=
L L L L BB B R

=2 -1.5 -1 -0.5 0 0.5 1 15
0} (radian)

dotted line 68% CL, solid line 90% CL

Fit performed with constraint on strong phases to 5, system.
(sign of ¢, is defined with opposite side compared to CDF; Two
folded amgiguity resolved by constraining strong phases:

¢3—>7T—¢S;AF—>—AF;5H%27T—5H;5J_—>7T—5J_)

2 independent results with 2 o deviation each!
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UT-fit Combination

Without/with CDF/DO J /)¢ analysis

3

x10°

UTﬁt

Probability density
Probability density

‘ 1 L | 1 1 1
50 50

Ny | 05[]

30 evidence for non SM B4 mixing phase.
— Minimal Flavour Violation NP models ruled out @ 3o.

Be careful with 3o effects ...
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