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Measurement of the C'P-violating phase qﬁj—"r"-*"’"" using the fHavor-tagged decay
BY — J/vwo in 8 fb~! of pP collisions

We report an updated messurement of the CPoviolating phase, ¢3'¥®, and the decay-width differ-
ence for the two mass eigenstates, Al';, from the favor-tagged decay BY — J/yd. The data sample
corresponds to an integrated lumineeity of 8.0 b™' aceumulated with the DD detector using pF
collisions at /% = 1.96 TeV produced at the Fermilab Tevatron collider. The hﬁ 7o confidence level
intervals, ineluding systematic uncertainties, are Al = 0.1633088 ne=1 and ga¥® = =D, 55048
The p-value for the Standard Model point is 20.8%.

Measurement of the relative branching ratio of HE — J /¢ fo(980) to BE — J /o

We present a measurement of the rElEtI:L'-'E branching fraction, Ry, 4. of BY = J/ fo(980), with
080) = 7777, to the process 2 Jp— Jivo, with ¢ = KTK™. The J/¢ | final state
l‘LL‘IIII-.'h]‘JIJII.dh to a CP-odd 1-_'1 genstate of H‘ I:h.El.I: coitld be of interest in future -_-1I:L1-lu-_'a af UP violation.

Using approximately 8 {bh™ ! of data recorded with the D0 detector at the Fermilab Tevatron Collider,
we find g ;. = 0275 = 0.041 (stat) = 0.061 (syst).




CP Violation: What, Why, How? :

During the big-bang, matter and
antimatter were produced in equal
quantities;

We now observe a matter-dominated
universe — what happened to the
antimatter?

Theories of baryogenesis can address this
asymmetry, but they require several ingredients,
one of which is CP violation (CPV).

CP: Fundamental symmetry in which
antiparticles behave exactly like particles in a
mirror.
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CP Violation in the Standard Model .

r 7
Weak interactions governed by mixing d' Vid Vs Vb d
matrices (neutrino, quark) — which have ( s' ) = ( Vg Ves Vo ) (3 )

complex phases: V;; # Vj; b Vie Vie Vi b
\ _/
CK_M phase means quark and : Vi | W - VET W
antiquark couplings can be > AAAAAAN, < ANAAAN
different: CP Violation. " + *
t t

Degree of CPV iIn the Standard Model is far
too small to account for observed matter-

antimatter asymmetry. Searches for anomalous
CPV are a sensitive
New physics models can significantly probe of possible

enhance size of CP violating phases. physics beyond the SM
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CP Violation in the Standard Model :

Weak interactions governed by mixing d' Vid Vs Vb d
matrices (neutrino, quark) — which have sl = Vg V.. Vo S
complex phases: V;; # V; b Via Vie Vip b

One consequence: rates for B meson mixing different for charge conjugate
process: F(B—>B) # F(B—>B)

o
o
o

<
o
o

BO W W BO o = B W W B

Interesting phenomena to study — can help us
understand CPV in SM and beyond.
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AM; = Mgy — My = 2|My,| Al =T — Ty =2|I',| - cos{arg[-M,/T';,]}

Sets oscillation frequency: Sets lifetime difference
17.77 £0.12 pst (CDF) 0.09 + 0.02 ps (SM prediction)
17.63 + 0.11 ps* (LHCb) 0.12 + 0.06 ps* (World Average)
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CPV in Interference: B\ — J/yo
Same final states available to B, and B.”: B0 & Thvo

« Amplitudes interfere,
» Final CPV phase is combination of mixing \ ’
(9,) and decay (¢p) phases: P - -Pp
B0

AV
®s g(vcsv’g b;

Enhancements to mixing phase will give same enhancement to ¢.”/v®.

b s b
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Measuring CPV In Interference (1)

For a decay into a well-defined CP-eigenstate i, time-dependence of decay amplitude A,

A¥ (t) = N(z, AT, o) e

CP-even ——> + e'i‘PSJ/W(P(Eg(
CP-odd

Plus similar relation A(t) for B

Decay rates:

LB —J/pe)(t) = A 4 parameters

(ts, AM,, AL,
@)

L(BL—J/we)(t) = [A(Y) [
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Measuring CPV in Interference (2)

BL — J/y ¢
Final state can be in one of three /r > x\ \

: Vector
angular momentum states, and: Psetudoscalar Vector (spin 1)
CP|X) = (-1)1{X> (spin 0) (spin 1)
Hence admixture of CP even and odd. \ \ l

1. L=2, CPeven, amplitude A(t)
11: L=0, CPeven, Ay(t)
T—: L=1,CPodd, A (i)

Decay rates include contributions
from all three polarizations:

8 parameters:
LB —J/we)(t) = |A(1) +Ag(t) + A (D) t, AM,, AT, gV,
2 relative phases: 8, 8,
2 magnitudes at t=0: Ay, A,
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Measuring CPV in Interference (3) .

B — Jiy K*K-

Also allow contribution from ‘S-wave’ /r

decay to non-resonant K*K™. S-wave
Pseudoscalar .
(spin 0) (spin 0)
Quantify by fractional contribution F, P VeFtOT
and relative phase Jc. \(Spm 1) l
|
L=1, CP odd

Decay rates now have four squared amplitudes,
plus interference terms:

10 parameters:
L(BL—d/we)(t) = [A() + Ag(t) + AL () + Ag(t)? T, AM;, AT, 9.7,
2 relative phases: 8, 8,
2 magnitudes at t=0: Ay, A,
FS’ 68

Mark Williams, Fermilab Joint Experimental-Theoretical Seminar, Thursday 20 October 2011



12

Measuring CPV in Interference (4)

Initial states B and B have different B — Jhy K'K™
decay amplitudes.

B0 — Jhy K*K-

Sensitivity to physical parameters
iImproved by disentangling two initial
flavor states.

Without knowledge of initial flavor, measure
average of B, and B contributions:

Lot = [T (BO) + % T(BY) ]
10 parameters:

For events with initial flavor tagged with probability Ts A_Ms’ AL, @V,
2 relative phases: o, O

P(B.%):
(B . 2 magnitudes at t=0: A,, A
[ = [P(BL) I(BY) + [1-P(B)] I'(BY) ] Fs, 05
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Transversity
Basis

Jhy rest frame




. . ) 1
Confidence region: # Standard model ; DO 3 111fb
B New physics medels ] Bg —>Jy o

— 9%

— SM
[ A" = AT, X |cos(¢g)|

3 4 5
05 (radians)




CDF Run Il Preliminary L=28f"'
- SM prediction |
— 95%C.L. 3 g )
— 68% C.L. | ' DY, 2.8 fb

m B Jy o

AM, = 17.77 ps™




CDF Run Il Preliminary L=28f"'
- SM prediction |
— 95%C.L. 3 g =
— 68%C.L. ! DY, 2.8 fb
m B Jyo

AM, = 17.77 ps’’

0.5

1. 15
¢, (radian)

68% CL

Standard Model . Gere oL
p-value = 2.0% 99% CL

2.3c disagreement




CDF Run Il Prelimina

— 95%CL
— 68%CL
—— SM prediction

3.01+0.14
17.77+£0.12 ps~}

— 68% CL
— 95% CL
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Calorimeter




proton - (anti)proton cross sections
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D@ Run i, 8 fb”




DO Runll, 8 fb™

54 55
Mass (GeV)




Flavor Tagging

Knowledge of initial flavor (B or B), partially
resolves one ambiguity in measurement:

(PSJ/W) — Tt (PSJ/‘WP AFs 7 _Ars

At Tevatron, b quarks produced ~100% of time
in bb pairs: ‘opposite’ side gives information on
initial flavor.

‘Signal’ side of event

Combine different
discriminants to produce

Opposite-Side Tagger (OST):

* Muon charge;
 Electron charge;
» Secondary Vertex charge;

Tagging efficiency ~19%

=

B*, BY, p', e’
Bsol Ab

‘Opposite’ side of event
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—— pata: B" = p D (a) |
—+— Data: B" > pu* D (lib1)
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DO Runll, 8 fb™
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DO Runll, 8 fb™

dN(events)/do(t)

D@ Run I, MC
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N(events) / 0.0025 GeV

DO Runll, 8 fb™'

54 55

Mass (GeV)

N(events) / 0.02

o
o
Ilo

[$)]
(=3

DO Run I, 8 fb™

N(events) / 0.065 ps

N(events) / 0.02

D@ Runll, 8 fb™

Proper Decay Time (ps)

DO Run I, 8 fb™

Long-lived BG

.05 0 05 1
cosy

N(events) / 0.006 ps

N(events) / 0.0628

24 free parameters
describe 6 background
distributions

DO Run I, 8 fb™

0.6
of(t) (ps)

DO Run I, 8 fb™




DO Runll, 8 fb™

DO Runll, 8 fb™

Proper Decay Time (ps)

DO Runll, 8 fb™

N(events) / 0.0059 ps

9 physics parameters
from lifetime fit;
+ signal yield, mass
and width

D@ Runll, 8 fb™

}

0.6

o(t) (ps)

DO Runll, 8 fb™
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017
0.558T0-014.

.024
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1.44370-05% ps,
0.16319-00° ps—1,
—0.557 56,
0.55810-010,
0.2311503.

3.15 4 0.22,

= 0.173 = 0.036,

AM, =17.77 £ 0.12 ps™
SM p-value = 29.8%

—68% CL
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—95% CL
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DG Runll, 8fb™" AMg=17.77+£0.12 ps™
SM p-value = 34.3%
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BDT sample (with systematics)¢
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DG Run I, 8 fb™

.




sin(egve) =-0.4+£0.3
= @ v = -0.4




sin(egve) =-0.4+£0.3
= @ v = -0.4




LHCb Preliminary
\s=T7TeV, L= 337 pb™

—— E2% C.L. {3, + Sy

“..--.h. o O €L (i, + mysi)
- = = U5 C.L. (34, + 5y

§fb!

— 68%CL [] cDF s2fb!

TSmOl [] LHCb 03fb"
¢ Standard Model

Preliminary results overlaid [] Do




B.0 —J/y ,(980) .

Same quarks, same couplings as J/y@ BUT Final state has well-defined
angular momentum

—

f, (spin 0)
— L=1, CP-odd

Jhy (spin 1)

—

Recall:

L(BS—J/wo)(t) = [A(DF

4 parameters
(TS’ AI\/IS' Al—‘S’ (pSJ/\I’(P)

L(BL—J/we)(t) = [A(D)P

Can make independent measurement of ¢./v®, if signal yield is large enough.

Mark Williams, Fermilab Joint Experimental-Theoretical Seminar, Thursday 20 October 2011



Bsbar asymmeti
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® 500 DO, 8 fb™
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B.0 —JAy £,(980)

B(B —J/yf,(980);f,(980)—m+m-)

Final Measurement: BB—J/ye; p—K+K)

=0.275+0.041 + 0.061

\_I_/

!

Systematic uncertainties
Fit with different background models (yield) ~17%
Reweighting MC to match data distributions (efficiency) ~9%
Opening M(KK) window (yield) ~4%
Uncertainty on F (yield) ~4%
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—68% CL
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SM p-value = 29.8%
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68% and 95% C.L. regions
are obtained from
the measurements with

- IP selections

-0.04 -0.02 0 0.02
Dimuon Al
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The End
(Thank you)

Mark Williams, Fermilab Joint Experimental-Theoretical Seminar, Thursday 20 October 2011

54



DG Run i, 8 fb™
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