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THEORETICAL
INTRODUCTION




Time Reversal Violation in the neutral
B -meson system

e Although CPT is a good symmetry it is important the observation of T-
Violation INDEPENDENTLY of CP-Violation

e Kabir asymmetry is not genuine of T reversal
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Model independent

e The sin(2B) measurement in B®/ B®—ct-KP° at B factories
(the angle of the unitary triangle) is a test of CP violation.
— Asumes CPT invariance and Al'=0 in the analysis
— Thus, it implies an odd effect in At equivalentto T
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Genuine

So we are aiming for an ODD and GENUINE T-Violation
observable.

Discard effects that are odd under time t to -t
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Non GENUINE T-Violation
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Not an exchange of “in” states into
“out” states

Theory with CPT invariance and
absence of absorptive part
(Al=0)

At=TRV —



Method

* Main ingredient

— EPR entanglement produced by the decay of the T(4.5)
* Between neutral B-mesons
* Between CP-tag (B,-B.)

|i>=%[30(f1)§0(6)—Bo(fz)f_?()(fl)]
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— ﬁ[B+(z1)B_(z2) —B,(t,)B_(1)]

Considering B, and B_, the states where B_is filtered for
example by the decay J/y K,, K, being the neutral K- BO S B
meson decaying to 1 tr,and B, is the orthogonal B_ to +
Jip K,. BO S B
We chose the following processes as a reference to RO
generate CP, T and CPT transformations (model f — B+
independent) B 0 —> B




Foundations of the study
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Method

Reference: Physical Process
(X,Y): Reconstructed Final States

* T conjugated processes

Reference (X, Y) T-Transformed (X, Y)

B—» B, (I,JwK) B,— BY (JlyKq, I*)

B—B. (I, JyKy) B—BY (JyK,I

B°- B, (I*,JyK) B,—» B° (JyKq, I

BO—-»B. (*,JwKs |[B.»B° (JwK,

We Impose: Af=t,—t¢, >0




Foundations of the study

<=

e e’ First decaying B meson

Time axis B® decay (tag) |Last decaying B meson
a)

_ At <O
0 +
cCcKs At >0 ccKdl
b)
1.6ps<>1/4mm
Process At Reconstruction Fliysicel
Process
a) At <0 (cCKO, 1) B,—»> B°
b) At>0 (I*, ccKSY) B B
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Asymmetries

 Asymmetries for T-Violation
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Asymmetries

 Asymmetries for CP-Violation:
I(JIwK,) =T, J/yK,)
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Asymmetries

 Asymmetries for CPT-Violation:
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Asymmetries building

l.OL— 1.0
A o B c o D
B.—>B° /T B'—> B, B,—> B T B —B
E 0'5_ F 0:};:‘ H
B—>pgo [ B°—> B, B,—>B° /| po—>p
Jly K. JIp Kg

T Fvs.C,Hvs.A,Bvs.G,and Dvs. E
CP:Avs.E,Fvs.B,Gvs.C,and Hvs. D

CPT:Fvs.G,Evs.H,Bvs.C,and Avs. D

14



Asymmetries building CP
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Asymmetries building T
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Asymmetries building CPT
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MONTE CARLO

STUDY




Monte Carlo generation

— We simulate the events with a Probability Density Function (PDF)
which includes T, CP and CPT violation parameters

— This PDF is based on the Wigner-Weiskopff approximation

_lad
Decay Rate for a e T8
neutral B mesonto > 8.(AD =7
a CP eigenstate

{1 [S, sin(Am Ar) — C,cos(Am_ At)]}

TBO

(B. B) ~ 2Im(A,)
+B. = >
1+, (Ar=0, |a/p|=1, |z|=0)
1—\ \ Im(1,)=0.672 S, =0.672
C .
a 1+\Af\ ‘1},‘;1 ' C,=0
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Perfect reconstruction
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Perfect reconstruction

Asymmetry form Asymmetry error
N, — N 4NN
Ap = & SAT = &
N, + N, (Ng + Np)3

This error formula has been calculated:
 Using error propagation
 Assumed Poissonian errors



Proper-time resolutionand | Im(A)=0
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Proper-time resolution, mistags
and efficiency effects

3255: B, events
7750: B_events
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Proper-time resolution, mistags and
efficiency effects

exp
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We construct the raw
asymmetry:

_ Ta(At) — Ty (At) _ L/ | _
Ar(At) = T, (Af) £ To(A0)’ where I'; = N N;(At)d(At) =1
Error:
54 24/C2NZN, + c2N2N, + N2N25c?
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Monte Carlo asymmetry and significance

. ;(2 Test:
exrp . NoT —wviolation . ] 2
=3 AP (At) — Ay (At;)
- 2 2
O exrp At ) _|_ O oy . At 1
Ati AT ( Z) AgoT violation ( Z)
T asymmetries B - B, B0 - B. B° > B, B> B.
Test
)(02 99.04, 23 bins 159.47, 22 bins 150.05, 22 bins 106.36, 21 bins
Prob(x?>X,?) 2.06 X 1011 7.69 X102 4.69 X 1021 2.13x 1013
Standard 6.70 9.84 9.42 7.34
Deviations
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Conclusions

* An independent and genuine T Violation
analysis has been built, using EPR
entanglement.

* |t's been tested with MC Data, giving us the
chance to perform this test experimentally
with more than 50.
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Method

 CP and CPT processes:

Reference (X,Y) C'P — Transformed (X,Y)

B° - B, (I ,J¢yKLr) B° — By (", JYKL))
BY - B_ (I, JYyKs,) B° — B_ (T, JyYpKg)
B, — B (JYKg,lT) B, — BY (JYKg,l7)
B_ — B° (JyYyKrp,IT) B_ — B° (JyYyKyp,l7)

TABLE 2. Transitions and CP transformed transitions

Reference (X,Y) CPIT — Transformed (X,Y)

BY - B (I, JYKy,) B, — B° (JYKg,l7)
BY —» B_ (E_,JTPKs) B_ — BY (J’t!)KL,E_)
B° - B, ({(t,JyKr) B, — B° (JyYpKg,lh)
B° - B_ (I, J¢yKs) B_ — BO (JpKr,1+)

TABLE 3. Transitions and CPT

transformed transitions




Proper-time resolution, mistags

and efficiency effects

3255: B, events
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Proper-time resolution, mistags

and efficiency effects 3255: 8, events
7750: B_events
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Proper-time resolution, mistags

and efficiency effects 3255: 8, events
7750: B_events
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Monte Carlo asymmetry and significance

. ;(2 Test:

X=>

At;

AZEr(At) = AT (M)

Aea:p

(At ) _I_ O-ANOC‘PT violation (At )

CPT

T asymmetries B » B, B - B. B° > B, B> B.
Test
Xo? 21.38, 21 bins 14.68, 22 bins 20.19, 21 bins 16.39, 22 bins
Prob(x?>X,?) 4.36 X101 8.76 X 101 5.09 X 101 7.96 X 101
Standard 0.78 0.16 0.66 0.26
Deviations
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