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ICPV measurement in B factory

® Identify CP decay of one B meson
* Tagging flavor of the other B
® Measure At=tp- l‘tag=AZ/ Byc

B° - - CP side
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Tag side

- Az=BycAt - By=0.43 (3.5 GeV x 8 GeV)
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ICPV measurement in B factory

® The measurement of Af is
essential to extract the CP 0
violation parameter S and B’ > fep_. B" = fepou

A. ==

* If At is integrated (not
measured) , the factors §

dI"/dt

and A disappear and can

not be measured.
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® Instead, we do not need to At (ops)

know where B° and B°-bar

are born. ™

R(g=%1,At) = %e  (1x(SsinAtAm + AcosAtAm))
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Beam crossing in KEK
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® |t is not possible to measure the

absolute decay length of the B mesons.

Only difference can be measured.
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Beam crossing in Super KEKB

¢ | have been believing the information of production position of B and B-bar must
be beneficial in the ICPV analysis.

® The Beam

® The beam size is 6 nm x 30 nm x 6 mm

e LER and HER beam crosses at 80 mrad.

® Length of collision point in Z direction is 6 um/sin(40mrad)=150 um
® The Physics

® Average B decay life: T = 1.53 psec, cT = 460 um.

® The Lorentz boost factor: By = 0.28 (4 GeV x7 GeV, SuperKEKB).

® The mean decay length of B meson: Byct= 128 pm.

* Both production and decay position of B mesons can be measu i Super KEKB.
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T(4S)— B°B° decay

® The decay rate of gYgsem decaying from T' (4S) to final state
fi att; and f, at 7, is represented as
—n " . — . —
R(t,t,) = Ce "4, + 4[4, + |4, ) - 4Re<§ 4 AJRe(% A;4,)

2 —2 2 —2 q .~ q .~
—eos(Amy (1= AL =[4 )AL =[]+ 4ImC AT A)Im( 43 4,)]

+ 2sin(Am, (1, r»)[lm(% A, A (A, -4~ Im(% 4,404, -[4 )1

® where A(AF the amplitude of Biqgﬁy)ing into the final state,

respectively.
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R.(Ar) — R_(Ar)
R.(Ar) + R-(Ar)
~ —(1 = |Acpl*) cos(AmAr) + 2Im(Acp) Sin(AmAr)

1 /l 2
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Acp(Ar) =
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Extraction of CP asymmetry parameters

o Assigning f; CP side and f, the B® tag side, 4, = 4
the decay rate becomes,

4,=0,

tag?

— + —2
R+(tCP9ttag) = Ce Her ) Atag Z‘ACP‘Z {(1 + ‘ACP‘ /‘ACP‘Z)
—cos(Am, (tep — LM~ Acs| 14csP))

+ 2sin(Amy (tep — L NIMCL AL A N[ 1)
P
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R (teprt )= Ce g T4 P10+ | A

—cos(Amy (tep — LoD =|Acp| )1+ 2IM(Acp ) Sin(AM, (e — 2,,))}
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Extraction of CP asymmetry parameters

e Similarly,
B tCP"ng 2
R (tepst )= Ce | A | Acp [ {1+ | A
+cos(Am, (tcp — ttag))[(l - "%P‘z)] —2Im(Ap)sin(Amy (2.p — ttag))}

* Integrating R, (¢.p, t,,,) With 7, we get

A tag

ag ag’

Ri(tCP) — ,‘-tm :ORi(tCPﬂttag)dttag

— 2 )

Atag‘ ‘ACP‘
Cd+x%)

+ (1= |Aep| VcOS(Amt.p) + x cOS(Am 4t 1))
+2Im(A,p)(x cos(Amyt, p) —sm(Amyt,.p)}

— e—r(fcp)

{1+ ) A+ 2] )

e where x = Amy/T.

e Note that the CP violation parameter, Im(kcp), survives.
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Extraction of CP asymmetry

o Let IAcpl=1, no direct CP violation contribution, the formula is simplified.

Atag ‘ACP‘

_ Im(A.,) X 1 :
R.(t.,)=2C e e (14 L cos(Am ,t ., ) — ——=sin(Am ., )}
o V(I+x%) 1+ x%) T aey T
— 2 )
Aag| |A
=2C “ ‘ CP‘ e V)] mMsin(Athcp—tam_1 x)}

A1+ x%)

e In case of B2>J/y K, Im(Ap) corresponds to sin2¢,. (I do not know the sign.)
e Time dependent CP Asymmetry is

A, (1 ):R+(tCP)_R—(tCP): Im(Ap )
e R (tcp)+ R (1p) (14 x7)

e The penalty of this method is just factor of [/4/1+ x? = (.79 compared to the
At method.
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Results h

Left figure: Decay rate for Y (4S)->B(tag) B(J/ywKs) for x=0 _7 and
sin2¢,=0.7. Three curves corresponds to B’-tag, no tag and p°tag.

Right figure: Asymmetry plot, the amplitude corresponds
to Im(A.,)/N1+x>.
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/Average decay time of CP+ and CP- state
e Clear difference in R, (t).
e The CP parameter survives if integrated: t, = | Ooo t Ry (t)dt

e At = t, — t_ is also a good estimator of the CP violation
parameter.
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Impacts to physics analysis

® Analysis procedure

1.

S~ N

Find a CP mode decay of one B meson.
Determine the flavor of the other B meson.
Determine the position of decay vertex of the CP-side B.

The decay time distributions for ar(l)d ta% is fit to
theoretical curve including the vertéx posit®on
measurement error and collision point determination
errors.

® The information of Tag—side B vertex is not necessary.

e The analysis is free from systematic errors on the tag—side

vertex determination.

® A reliable information of collision point is indispensable.




) More Impacts to physics analysis

® Reversed analysis procedure
1. Find a CP mode decay of one B meson.
2. Determine the flavor of the other B meson.

3.  Determine the position of decay vertex of the tag-side B.

4. The decay time distributions for ~ andp’ tag isﬁt to theoretical curve
including the vertex position measurement error and collision point

determination errors.

® The information on CP-side B vertex is not necessary.

® Even “all neutral” CP modes (nn, 7°71°, KK, KK, KK, V\/(??)) can be analyzed in

the same way as charged-mode decays.
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Collision point width and vertex
determination errors included...

| No measurement error | | Measurement error 0.1 x Blife | | Measurement error 1.0 x Blife
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e With errors we can still observe the CP asymmetry.

@ * Sensitivity reduced. More systematic shift.




A vector level simulation for BO 2 #°#°

e Events corresponds to 50 ab’! including
° Wrong tag
e Event reconstruction efficiency

e (CP side vertex measurement error
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A vector level simulation for BO 2 #%#°
® Measurement stability is estimated by repeating the MC

° Ap (fitting) method and At method give a comparable result.

Luminosit Genenrated Acp (fitting) At method
y(ab-l) events error(@%) error(@%)
1 320 170 174

5 1600 70 72
15 4800 42 44
50 16000 23 24

100 32000 16 17
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With determination errors of collision
point width and vertex position.

® The length of collision point in the proposed Super KEKB (150

HUm) is comparable with the average decay length (128 pm),
but still acceptable.

® The stable control and monitor of the beam size and beam

position may be essential.

® For the first time I require higher energy asymmetry, larger

crossing angle and smaller horizontal beam size in Super KEKB.

These all directly improve the sensitivity and reliability of this
method.

® The systematic ambiguities in this method can be studied in
detail in the benchmark modes such as B2/ y K..
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Summary

® The formula are taken from

® Andrew D. Foland (Cornell Univ.), “Measurement of CP violation at

theY(4S) without time ordering or A¢”, Phys. Rev. D 60, 111301 (1999)
/ HEPPH9907277

® The possibility of measurement of CP violation of all-neutral modes is

mentioned already there.

® The paper was published before the concept of nano-beam Super B

factory was proposed.

° Clearly the method is realistic only with very small beam collision point.
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