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Disclaimer

m Some (unavoidable) overlap with the (kaon) talk by
A. di Domenico, but. ..
m Never be first, try to be second
E. Fermi

m Never underestimate the joy people derive from hearing something
they already know

E. Fermi




Intro

Introduction

m Effective hamiltonian
m Entanglement

m Time evolution

m Double decay rates




Effective Hamiltonian

The effective hamiltonian ruling the BdO,Bg system is H
H=M-i'/2 with M =M, I'f =T
Eigenvectors!:

H|By) = pu|Ba), |Br) = pu|BY) + qu|BY),
H|Br) = uL|BL), |BL) = pr|BY) — qr| BY).

Eigenvalues: HH,L = MH,L — %FHJ;

i i
w=pg+pr=M-— T, AMZMH—MLEAM—EAF,

2

Weisskopf & Wigner, Z.Phys. 65 (1930)
Lee, Oehme & Yang, PR 106 (1957)

IN.B. “H” and “L” correspond to the “heavy” and “light” states respectively,
and thus AM > 0 while the sign of AT is not a matter of convention




Mixing parameters 6, q/p € C:

aw _a 1+0 - a g j1-0 _1-—|g/pP
par pV1-10 pr pV1+0 1+ la/pl?
Hy, —Hyy (Q> _ Hxn

0= P
Ap p

Hp '
m 0 is CP and CPT violating,
m § is CP and T violating.

Hamiltonian:

Silva, PRD 62 (2000)




Entanglement

m ete” — Y(4S) — BB production:

wo) = (1BYIBS) — BB ) /v2
= (1BuIBr) = 1Bm)\B1)) / [V2(pran + pras)]

m Amplitude for decay of the first state into |f) at time ¢y, and of
the second state into |g) at time ¢ + ¢o > to:

e~ Hnm+pr)to

V2(prLam + puqr)

(£, t0; 9, t-+t0|T|Wo) = (et ApAf —eme AT AT )

with A" = (f|T|By,L)




m Double decay rate I(f,g;t)

I(f, ;1) = / dto |(f to: gt + to|T|Wo) > =

e—l"t

5 X
AT|prLqm + puacl
. X 2
eth/zeArth;{Ag _ eszMt/ZefAI‘t/zlA%A;I’

» Expanded (AT = 0 and (I'y) = $(|Af[> + |4Af]?)):

e L))
I(fag,t)*e r f#x

{%h [f, 9] + C.lf. g cos(AM t) + Lf, g] sin(AM t)},

Reduced intensity: i(f,g; t)y =TT YTy I(f, g;1)
m Combined transformation ¢ — —t and f < ¢ implies

%h[fvg]:%h[g7f]? [f7 ]* [ mﬂ [f g} [gaf]




m As usual
A 1—|As? 2Tm(\ 2Re(\
ol o J1SIGE o e0y) o 2Rely)
pAf 1+ A 1+ |Ag 1+ |Ag
with (f|T|By) = Ay, (f|IT|B}) = Ay (N.B. C3 + 57+ R7 =1)
m For flavour specific channels f = ¢* + X (“f = ¢*"), with no
wrong lepton charge sign decays (i.e. AF = AQ)

Copr =1, Ryr =85+ =0

m Complete expressions, N1 g = 15%95
. (1+[6)(1F Cy) % 2Re(6*V1 —6) R,
Gh[l™, 9] = Nix g {+|1 — 02|(1£Cy) +2Im(0*V1 — 62) S,
£ (1= 6]%)(1 F Cy) F 2Re(0" VI —6°) R,
e, 9] = Nixg) {_|1 —0?|(1£C,) — 2Im(0*V1 - 62) S,

— ¥Re(\/@) Sg + Im(
Fell™, 9] = 2Ny ) { +Im(v1—0%) R,

H_
—
I
<
——
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rsal and time reversal asymmetries

Conditions for motion reversal asymmetries
States
Decays as filters

Channels




MR-TR

m Original proposal by Banuls & Bernabéu to observe T
independent of CP
PLB464 (1999), NPB590 (2000)

m Followed by Bernabéu, Martinez-Vidal & Villanueva
JHEPO0S8 (2012)

m Implemented by BaBar

PRL109 (2012)




MR-TR

Three ingredients

Time reversal in the Bngg Hilbert space

m Reference transition B1 — Bz (t) among meson states compared
to By — B, (t)

m Probability Pi2(t) = [(B2|U(t,0)|B1)|?
m Proposed T violating asymmetry P12(t) — Pa1(t)

Going beyond B; 5 = BY, BY (= independent of CP)
m Reference B} — B, with a defined CP = + decay channel fop—
m How to measure the reverse transition?

Importance of entangled nature of the initial state

m To connect meson transitions to double decay rates
m To identify the reverse transition:

m assume that observing a fop—_ decay one filters a B_
m due to entanglement, one tags the orthogonal state in the opposite
side, which should be B4




MR-TR

Starting with the initial antisymmetric entangled state,

m if at time ¢y we observe a decay product f in one side, the still
living meson state in the opposite side is

1 . _
NEVEEETE (AflBa) — A¢|Bg))

m The orthogonal state (Bj;f|B_Hf> =0is

|B..f) =

]' * A*| D
W (Af\BS> +Af|Bg>)

This is the state filtered by a decay f

|B—J/-:f> =

m The filtering identity

2= |(f|T|By) I

BL.\B =
(BBl = oA, P

Bernabéu, Botella & MN, PLB728 (2014)
relates “probabilities to decay rates”




MR-TR

m For By = B.,,4(t), this is exactly the reduced intensity I(g, f;t):

_ I |Buy ()

2
A+ 1A |

7 1L
I(g, f;1) = [(Bif|Baagl(t))
This is the precise connection between

meson transition probabilities and double decay rates

Measuring i(fh fa;t), “decays (f1, f2)”, we access the transition
probability P12(t) between meson states (B, Ba) = (Bﬁfl,BJ-fQ)

—>

m To compare with the reverse Py (t) we would need (Bj;fwBﬁfl):
this is not what we access experimentally

m How do we bypass this?




MR-TR

m Reference: (f1, f2) gives transition probability for (B..,, BX )3

—

we now need (BJ-f B.y)

= Two new decay channels (f3, f1) give (B..p;, B2 f,)
provided they fulfill

B..s) =By,

this new transition (f3, f1) gives the reversed meson transition

m For flavour specific decay channels, with no wrong lepton charge
sign decays,

|Ba) = |B.g-) and |Bg) = |B..+)

m The identity is obviously |BY) = |(B9)*):
if f1 = X0y, then f{ = X0~ 1,




MR-TR

m For the CP decay channel the condition is

2

q

the original proposal used fo = J/¢¥ K, and f§ = J/YK_.
From now on, Kg for K, and K, for K_, which is accurate
up to CP violation in the kaon system.

m Considering that

q| q|
AJjpKs = AKs ~ ‘p =28 and NjjpkL = Mgy, ~ — ‘ o128
we parameterise
AKkg = ’i‘ p(1+ep) e i(2B+ep) . Ak, =— ‘Z’ ; (1+ep) e~ (28—ep)

with {p, B, €,,€g} real to control deviations from the requirement




MR-TR

Recapitulating: if ¢, = 0 and €5 = 0, the considered channels
allow to compare By — Bs(t) with the reversed transition
By — Bi(t) (even if p # 1)

At last, for that motion reversal asymmetry to be truly a time
reversal asymmetry, one needs decay channels f such that, in the
limit of T invariance, Sy =0

Bernabéu, Botella & MN, PLB728 (2014)

For CP eigenstates this amounts to no CP violation in the decay
in the limit of T invariance, the additional condition is

p=1
Overall, deviations from
ep=eg=0,p=1

CKs:CKL:(;, SKSJFSKL:O, RKS+RKL:0

will be a source of fake T violation




MR-TR

N.B. In the absence of wrong flavour decays in By — J/¢YK° and
By — J/YK°

/\KS+/\KL=0 = p:1&6520

Grossman, Kagan & Ligeti, PLB538 (2002)




Observables, experiment & the

m BaBar observables, independent asymmetries
m Genuine parameters

m Genuine vs. fake T-asymmetries




Observables

m Out of experimental convenience, BaBar fixed the normalization
of the constant term and used the normalized decay intensity

gfq(t) x e Tt {1+ C[f, g]cos(AM t) + S[f, g] sin(AM t)}

BaBar, PRL 109 (2012)

m Two quantities,

Clf.g] = é.lf. 9] S[f.g] = Zelf, 9]

(gh[fmg], B (gh[fag]

are measured for each pair (f,g)

m Notice that




Observables

Transition | gy (¢ gq. £ (1 Transition
Ref. BY — B_ | ( ( ) | By — BY Ref.
T(Ref.) | B- — BY | ( ( )| B — B_ T(Ref.)
CP(Ref) | By —B_ | (¢(-,Ks) | (Ks,7) | By — B} | CP(Ref.)
CPT(Ref.) | B_ — BY | ( ( ) | BS — B, | CPT(Ref.)

Decay channels, corresponding filtered meson states and transformed
transitions

m 16 experimentally independent measurements

m theoretically only 8 are independent




m BaBar asymmetries

Ar(t) = grp .0 (1) — 8o+ ks (1)
Acp(t) = 8o ks (t) — 8o+ ks (1)
Acpr(t) = 8xp o+ (t) — 8o+ ks (1)

Ag(t) = e " {ACs[lT, K] cos(AM t) + ASg[t, Kg] sin(AM t)}
S —=T,CP,CPT
where
ACT = ACT[tT, Ks) = C[Kp, 0] — Clet, Kg]
ACE, = ACcpllt, Kg) = Clt™, Kg] — C[(T, Kg]
AClpy = ACcpr(l", Ks] = C[Ky, (1] = C[¢*, K]

AST = ASt[tt, Ks] = S[Kp, 0] — S|t K]
ASlp = AScp[tT, Ks] = S[t™, Kg] — S[(T, K]
AS¢pr = AScpr[lt, Ks] = S[Kp, (7] — S[¢T, K]




To linear order in 6

ASF ~ Skg — Sk, — Re(0) (Sks Ris + Sk, Ri,)
+1Im(0) (Sks — Sk, + Cks + Cky,)
ASEp =~ 28k +2Im(0) (Skg — 1)
AS&pr = Skp, + Sk — Re(0) (S, R, + Sk Ricy)
+Im(0) (-2 + Sk, + Sk, + Cks + Crk,)
ACT =~ Crg + Cry, + Re(0) (R (1 = Crg) + Ri, (1+ Ok, )
+1Im(0) (Sk, (1+ Ck,) — Sks(1 — Ckyg))
ACEp ~ 2Cks + 2Re(0) Rxs + 2Im(0) Sk s Cr o
ACEpr ~ Crg — Crp, + Re(0) (Ris (1 — Crg) — Ri, (1 — Ck,))
+1Im(0) (Sk, (1 —Ck,) — Sks(1 — Cky))

Important: AS) # AS, & ACT # ACE




Observables

Why

efrt{%h[f, gl +Clf, gl cos(AM t) + L[f, g] sin(AM t)}

e_“{l + C[f, g] cos(AM t) + S[f, g] sin(AM t)} ?

m Although experimentally C & S are more appropriate,
it is more desirable to access 63, €., 7.
For example

m Asymmetry in ratios implies symmetry violation,
m and yet no asymmetry in the ratios may still come from a
symmetry violation

Is it possible to go from data on C, S to all 6}, €., 7.7




Yes, through

Gl K1) + Co[0*, Ks 1] =

(1 + 5)(1 + CKS,L) o
21-6Cks,)

Gt Ks 1) (1+ C[t*, Kg 1))

m C[(*,Kg ] and Ck, , constrained/extracted from the BaBar
data

m if we add information on §,

m compute €, [(*, Ks,1]
» compute then .[¢*, K5 1] and from S[¢*, Ks 1], .Z.[(*, Ks,1]




Genuine asymmetry parameters

atp(t) = I(Kp, 7 5t) — 1(F, Kg;t)
Aep(t) =107, Kg;t) —1(01, Kg:t)
JZ{CPT(t) = (KL,€+;t)—i(€+7Ks;t)

which can also be expanded as

s(t) = e VA + AES cos(AMt) + A sin(AMt)}
S =T,CP,CPT

To linear order in 6, 6
e 7{1—1—(56’ +1) + Re(d) Ry — Im(6) S,y }

G0, g) = f{$C +6Cy(¥Cy — 1) F Re(0) Ry + Im(0) Sy }

OGNS ,HS +69,(FC, — 1) +Im(6) (+1 — Cy)}




Genuine asymmetry parameters in %, up to linear order in 6 and J:

AT Jgh[KL, -Gt Ks) =
7{6 Cr, —Cks — 2) — Re(0) (RKL + RKS) + Im(6) (SKS - SKL)}
AGET = G0, K] — Gu[tt, Ks] = —{6 + Re(0) Rk, }

ACTTT = 6, [Kp, 7] — 6|07, K] =

5 {6(Crc, = Cic) + Re(0) (R, — Ric,) + Im(0) (S, — S}




Genuine asymmetry parameters in %, up to linear order in 6 and ¢:
AG! = C K, 7] = 6.0, K] =
5{Cics + Cie, +8(Cic, (Cie, = 1)+ Cics (Cocs +1)
+ Re(0) (Rks + Ri,) +Im(0) (S, — Sks)}
ACTY =60 K] — .[tT, Ks] = {Cks + 6Ck, + Re(0) Ry, }
ACT = 6K, 07 — 60T, Ks] =
5{Cics = Crcy +8(Cres (Crcs +1) = e, (Cr, +1)
+Re(0) (Rxs — Ri,) +1m(0) (Sk,, — Sks)}




Genuine asymmetry parameters in .7, up to linear order in 6 and 9:

AST = S K, 07 — S0, Ks] =

1
§{SKS — Sk +6(Sks (14 Cky) + Sk, (1 = Ck,))
+Im(0) (Crs + Cr, )}
AIEY = S0, Kg| — S 0T, Ks] = {Sks + 6SksCry — Im(6) }
AT = S Ky, 01 — ST, Ks] =

1
5{5[{3 + Sk, +(5(SKS(CKS + 1) -‘rSKL(CKL + 1))
71111(9) (2+CK5 — CKL)}




Interlude

m To reconstruct the genuine asymmetry parameters, we used

m Has a straightforward physical interpretation, the reduced
intensity prior to any time evolution is simply the overlap
between |B%,) and |B..y):

’Afflg_Ang‘2 _ )
([Ar 2+ [Af ) (| Ag|* + [Ag]?)

i(f,9:0) = |(BL,|B.p)|* =

m Nicely, if the conditions for a Motion Reversal measurement are
verified, <7r(0) =0




Interlude

With
o#p(0) = 1(Kp,07;0) — 1(4F, Ks;0)
2
= [(BEg, |Bae-)|” — [(Biys | Boks)
|Ase, |2 | Ak |?

AR P AR P AR+ Ak 2

’ 2

we have
Ak, | |Aks|?
27 (0) =0« L = =S
T( ) |AKL‘2 |AKS‘2
2 1 *
. . q Ak, Ak
hile A =—|= = ——
W AKLAKs ‘p AKL A%s

Consistent with the intuitive requirement that a genuine Motion
Reversal asymmetry cannot be already present at ¢ = 0, i.e. in the
absence of time evolution.




Observables

Genuine T-reverse and fake asymmetries

m As discussed, candidate T-asymmetries can be “contaminated”,
they can receive contributions not truly T-violating

= This occurs when Ag Ay, = —|¢/p|? is not fulfilled

m How can we disentangle fake effects from true violations in T and
CPT asymmetries?




Observables

Take for example A.7.L:
m In terms of the parameters in the problem, A" (p, 8, €,, €3, 9,0)

s A7 would be a true T-violation asymmetry if
ep=€eg=0and p=1

m Separate
AST(p, B¢y, e5,0,0) = [A,%T(p, B¢ e5,0.0) — AFT(1,8,0,0,6,0)
+A71(1,8,0,0,6,0)
m Term [...] has exactly the desired properties for the fake

contribution: independently of 3, § and 6, [...] = 0 when the
conditions are fulfilled.

The true T asymmetry is A.7.X(1,3,0,0,6,0)
In terms of {4, p, 8, €,, €3},

Cxs — 0, Sk — —4/1 — 62sin 20, Rics — v/ 1—082cos203.
Ck,, Sk, —Rx

L




Results

Results

m With everything now clear

take experimental data (input)
fit for the parameters {p, 3, €,, €3, Re(8) ,Im(0)}




Results

Input from BaBar, PRL 109 (2012) 211801 [arXiv:1207.5832]

TABLE II: Measured values of the (S ;, 0 ) coefficients. The first uncertainty is statistical and the second systematic. The

indices a = =, 0% and 3 = K% K? stand for reconstructed final states that identify the B meson as BY, B® and B_, By,

respectively.

Transition Parameter Result
B- - (Jw K2, 67 X) S, ” —0.83 £ 0.11 4 0.06
B" 5B (6~ X, cvK?) S5 .76 £ 0.06 + 0.04
B — B (o K267 X) S, “H. 0.70 £ 0.19 + 0.12
B —B_ (£ X, @wK?Y) M h‘ 0.55 4 0.09 £ 0.06
B" = B, (=X, JwKY) st H 0.51 4 0.17 £ 0.11
By »B° (@KL 6 X) E 0.67 4 0.10 £ 0.08
B =B, (Et X, JwK?) S _KH' —0.60 + 0.11 £ 0.04
By = B" (eKE, (T X) 55 ,\S —0.66 + 0.06 + 0.04
B_ D" (JwK? £~ X) € 0.11 40,12 £ 0.08
B"— B (67X, cTKY) o h: 0.08 £ 0.06 £ 0.06
B —B° (S K2 L7 X) 0.16 4 0.13 £ 0.06
B - B (£t X, TRy 0.01 £0.07 £ 0.05
B" - B, (=X, JwK?) CF —0.01 +0.13 £ 0.08
By + B° (@K, 6 X) CF ren 0.03 4 0.07 £ 0.04
B — B (67X, Jw KY) Cfi o —0.02 4 0.11 £ 0.08
By - B° (TKY, 6+ X) , —0.05 + 0.06 = 0.03




Results

Input from BaBar, PRL 109 (2012) 211801 [arXiv:1

tistical correlation coefficients for the vector of (
Only lower off-diagonal terms are written, in %.

.Cf ;) measurements given in the same order as in Table I1.

100
0 100
-14 0 100

1 100
9 0100

-33 0 31 0 28 0 6 0100
8 0 -14 0100

0 0 18 1-15 0100

5 70 -16 0 22 0100
018 021 0-18 020 0-16 0 21 0100
1 1
0

: 0 22 0-15 0-20 0100
T 023 0 31 0-41 0 20 0-17 0 -20 0100




Results

Input from BaBar, PRL 109 (2012) 211801 [arXiv:1207.5832]

TABLE IV: Systematic correlation coefficients for the vector of (S, C* ) measurements given in the same order as in Table I1.
Only lower off-diagonal terms are written, in %.

44 3 66 100
16 -4 57 58 100
37 -19 67 66 44 100

30 -19 57 59 10 58 6 100
-28 <10 39 13 43 21 -8 -1 100
42 -200 60 G857 T2 -6 47 30 100
=31 0 23 17T 20 8 11 6 58 18100
41 -27 70 66 46 64 0 71 32 81 20 100
31 -16 63 63 39 67 -23 59 39 63 24 73 100
1 -1 15 7 2 2-31 5 23 7 5 18 49100
28 -23 73 72 52 61 -1 64 43 69 28 84 83 39 100
-14 413 12 -6 -34 11 2 34 23 0 31 17 26 15 15100




Results

Results — Fit summary

WWA Parameters
Re(6) +(5.92 4+ 3.03)10~2 || Im(6) (0.22 +1.90)10~2
P 1.021 £ 0.032 B 0.380 £ 0.020
€ —0.023 £ 0.013 €5 0.013 £ 0.040
Sk —0.679 + 0.022 Ry, | £(0.734 £0.020) |
Cks (9.4+3.22) 1077
Sks + Sk, (1.94+4.5)1072 Ris+ Ri, | (-1.9+3.9)1072 |
Cks —Ck, | (-4.3£6.0)1072



Re(f) = £(5.92 + 3.03) x 1072
Im(#) = (0.22 £1.90) x 1072
d {Re(e) = £(3.92 +1.43) x 1072

Im(6) = (—0.22 + 1.64) x 102} with Axs + Ak, =0,

Significant improvement on the uncertainty of Re() quoted by the
Particle Data Group

Re(0)ppe = £(1.943.7£3.3)x1072,  Im(0)ppq = (—0.8+0.4)x1072.

BaBar, PRD 70 (2004), PRL 96 (2006); Belle, PRD 85 (2012)
With AT' =0

Moy — My; = £(2.0£1.0)) s
{ Ly Ty =-01+13 (107

and {Mgz —M;; = +(1.3+0.5)

_5 ) B
Iy —T'y1;=01+1.1 }10 eV with Agg + Ax, = 0.

Similar result: BaBar, PRD 94 (2016)
(BaBar’s preprint 1605.04545, our 1605.03925)




Results

Results — Fit summary

BaBar Asymmetries

AST —1.317+0.050 [| ASS, [ —1.360 +0.038
ASSpor (7.6 +£4.8)1072

ACT (473701072 [ ACL, | (89£32)107% |
ACpr (4.4+3.6)1072

Genuine T-reverse Fake

AS}P g. —1.318 £0.050 || AST f. (0.9 +£2.0)1073
ASCPT g | (5.6+4.3)1072 || ASSpp £ | (1.9 £4.7)102
ACT g. | (02+£25)1072 | ACT *. (4.5 £2.6)102
ACHpr g | (89+52)1072 || ACHp £ | (—4.5+£6.2)102




Results

Results — Fit summary

Genuine Asymmetry Parameters

N7 —0.687 £ 0.020 [ A¥PY | —0.680 £ 0.021
AFEPT (0.7£2.0)1072
AET (2.4+£2.0)1072 [ AECT | (44£1.6)107% |
AECFT (2.3+£1.8)1072
AET (—02+1.4)1072 || ALY | (-43+25)1077 |
NG (—4.442.6)1072

Genuine T-reverse Fake
AST g —0.687 £0.020 || AT f. (0.4+1.2)1073
ASFT o [ (=02£1.9)1072 | AZSFT £ | (1.0+£2.4)1072
ACT g. (0.1+£1.4)1072 [ ACT £ (2.3+1.3)1072
ACTTT o | (24426)1072 [ AZSTT £ | (—2.1£3.2)1072
AGT g (—0.1£1.4)1072 || AGT f. (-0.5+1.6)107°
ACFTT g | (—4.4+£27)1072 || AGFTT £ | (0.6 £5.001074




Results

Results — Plots
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Results — Plots

Results
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Genuine T-reverse vs. CP asymmetries




Results

Results — Plots

060
7777777 Ak
16 L L L —0.80 L L L
R T bt S0 b ool 700 o1 b0
AS; fake AT fake
010 . . i o0 . . .
7777777 ey + i, = 0

0.05 4 0051

0.00 0.00F

AET genuine T-reverse

005 1 o0k
010 o1 - . .
Yo ow w00 o5 ) b o3 700 g B0
A fake AT fake

Genuine T-reverse vs. fake contributions




Results

Results — Plots
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Correlations with Re(6)sign(Rx, ).




Results

Results — Plots
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w effect

m Initial state and time evolution

m Symmetry properties and sensitivity

m Analysis, results: robustness of bounds on 6, extraction of w




m [ll-defined CPT operator implies modified initial state in
ete” — Y(4S) — BB:

w5) o< (IBYIBY) — BB )+ (1B + BB ),
Bernabéu, Mavromatos & Papavassiliou, PRL 92 (2004)

[¥6) o< | Br)|Br) — |Bu)|Br)+w0[|Bu)|Br) + |Br)|Bu)]
o{ (1= 0) 72 B} | Brr) — (14 6)0 | BL) | By) |
PH

One can expect

m Modified time dependence

m Terms in w break the symmetry/antisymmetry properties of the
coefficients obtained when the initial state is the entangled
antisymmetric one




Time evolution with w

Time evolution of two-meson flavour states:

|A(t)) 1 0 0 0 |A)
|Ba(t)Ba(t) | _ otz [0 , , |B2)| BY)
B |S(t)_> 0 C+ E[HGZA‘” —+ E[,]eilA’ut B ‘S)_
|Ba(t))|B3(t)) 0 |Ba)|Ba)
with _ _
[A®) = 5 [1Ba(t)IB3(1)) — | Ba()|B(1))] ,
S(t) = =5 [1Ba(t)|B(t)) + [BJ(t)|B3(t))] ,
and
|Bg(t)) = "1 |BY).

|Ba(t)) = e | Bg),




where

HLVT—07  —§5L(1-6%)
0? — 5 20V1 - 07
1 11 _ p2
— 25 20V1—- 02 1(1-67)
— =21+ OVI— 02 14(1-6?)
1(1-67) —5vs (1 =0)V1-62
—5vst(1—=0)V1—-62 1(1-10)




Double decay rate

o0
I(f.g:1) = / dto |(f,tos 9, + to|T| W)
0

= Cad vt 7, g 18211, o] cos(AMO+721f, g sin(AMD)),

For w — 0,

(f}‘:}[f’g] - Cgh[fag]v Cgcw[fn(ﬂ - %c[fvg]a ycw[f,g] - <y(:[fagL
with

Cgh[fug] = (gh[gaf]v (gc[fag] = Cgc[g,f], yc[fag] = _yc[gﬂfL

hence, sensitivity to w # 0 through

Gl 9l =€ lg: 1), 6C1f 9] =€ lg f1 and T[S 9]+ S0y, S,




To linear order in 6, w (N.B. z = &2 ~ 0.77):

21f,9] = Nig.g |1~ Ry By +Re(0) (Cy Ry +CrRy) ~Tm(6) (Sy +S,)
+ M{(QCJC + xSf)Re(w) + (me — QSf)RgIm(w) }},
C211,9) = Nig)[~(C1Cy+875,)—Re(6) (Cy Ry+Cy Ry +1m(0) (Sy+5,)
+ ﬁlxﬂ)?{ — (204 + 254)Re(w) + (—zCy + 25,) R yIm(w) }],
F21£,9) = Nigg)[(CoSy—CrSy)+Re(0) (RySy—RySy)+Im(0) (C—C)

1
+ W{(xcg —25,)Re(w) — (2C, + 25,) Ry Tm(w) }},

[Flavour specific decays: Cypx = £1, Ry = Sp+ = 0]




Experimental observables of the form (BaBar)
gr.g(t) oc e {1+ C[f, g cos(AM t) + S[f, g] sin(AM 1)},

as before

¢°(f. 9] S[f.g] = 7N 9)

Clhal = lral

1, 9]




cos(AM t) terms

C[t*, f] = FCs + Re(0) Rp(Cy F 1) + Im(6) Sy (1 F Cy)
+ m {—xS’fRe(w) + xC’fRfIm(w)}

C[f, 7] = FCj + Re(0) Ry (Cy F 1) + Im(6) S; (1 F Cy)

+ ﬁ;p)z {£(2(CF = 1) + 2CS¢))Re(w) F 2R Im(w) }

Cle™, f] - CLf, %] =
1
T o2 U

xSy F 2(0)% -1 F .Z‘Cfo] Re(w) + xRy [Cy £1] Im(w)}




sin(AM t) terms

S[¢*, f] = S + Re(0) Sy Ry + Im(0) (1 — Cy F S7)
+ ﬁlx/w {zCyRe(w) + xSy RfIm(w)}

S[f, *] = £S5 — Re(0) Sy Ry + Im(0) (F1 + Cy £ S7)
1

+ W {:l:(I(l — SJ%) — QCfo)Re(w) T ZRfIm(w)}

SIEF, f1+ SIf, 5] =
1
T+ Gy |

xCy £ 2(1 = S7) F2C;Sy] Re(w) + Ry [2Sy F 2] Im(w) }




w effect

m Analysis
go back to the previous analysis

identify the appropriate modifications

crank the gears again

\

now fitting for the parameters
{pa ﬁa €p, €83, Re(e) ; Im(e) ’ RQ(UJ), Im(w)}




Summary of results

(I) Parameters — General analysis

Re(0) +(6.11 £+ 3.45)10~2 || Tm(6) (0.99 £ 1.98)10~2
Re(w) (1.09 £1.60)10~2 || Tm(w) +(6.40 +2.80)102
Sk —0.624 £ 0.030 Ris +(0.781 4+ 0.024)
Cks (—1.44 +3.28) 1072
Sks + Sk, (3.7+4.9)1072 Rig + Ri, | (—327£4.3)1072 |
CKS — CKL (*6.8 + 6.3)1072

(IT) Parameters — A, + Ak, = 0 analysis
Re(0) +(3.10 £ 1.51)10~2 || Tm(0) (0.14 £1.67)1072
Re(w) (1.17 £ 1.59)10=2 || Im(w) +(5.46 4+ 2.70)10~2
Sk —0.640 £ 0.025 Rk +(0.769 + 0.022)

(1.61 + 1.88)10~2




Summary of results

m No significant deviation from Re(w) = 0,
analysis does not improve on Re(w) = (0.8 & 4.6) x 1073
Alvarez, Bernabéu & MN, JHEP (2006)

m Sensitivity to Im(w) and 2.4¢ hint of Im(w) # 0
m Extraction of 6 quite robust

m Effect at the 1o level on Sk, (affect determination of UT [7)
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w effect
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Probing

violations of CPT with By mesons



Conclusions

Conclusions

Detailed discussion on conditions for T,CPT asymmetries

m Filtering 4+ connection among meson transition probabilities and
double decay rates
m Conditions for Motion Reversal asymmetries

m BaBar observables vs. theory
m Extraction of genuine asymmetry parameters
|

Identification of genuine T, CPT asymmetries

Best existing limit on Re(f) with intriguing 2¢ effect, and Im(6)

Analysis of static w-effect with decays into flavour & CP
eigenstates

m Robustness of 6 extraction
m First & best limits on Im(w), also intriguing 20 effect




Conclusions

Thank you!
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Backup

Results — Fit summary, A\, + A\g, =0, w =0

WWA Parameters

Re(d) | £(3.92+1.43)1072 || Im(0) | (—0.22 £ 1.64)10~>
€ —0.021 +£0.013 § 0.375 & 0.016
Sk —0.682 £ 0.017 R, +(0.731 + 0.016)

Crks | (210+1.31)10 2




Backup

Results — Fit summary, A\, + A\g, =0, w =0

BaBar Asymmetries

AST —1.326 £ 0.033 [ ASH, | —1.362+0.0358
ASSpr (4.1+2.3)1072
ACT (38+£34)102 [ ACS, | 0.1004£0.029 |
ACHpr (5.3+£2.9)10~2

Genuine T-reverse Fake
AST g. —1.326 £0.033 || AST £ (1.9+ T09)10~*
ASipr g | (41+£23)1072 || ASIpp £ | (=1.14£8.0)10~4
ACT g (0.4+2.2)1072 || ACT £ (4.2+2.6)1072
ACIpr g | (5.4£29)1072 || ACIpr £ | (-1.24£1.0)1073




Backup

Results — Fit summary, A\, + A\g, =0, w =0

Genuine Asymmetry Parameters

N7 —0.682+0.017 [ AFF | —0.680 £+ 0.022
AFCPT (0.2+1.6)1072
AET (2.0+1.8)1072 [ A€CT | (6.0£1.5)107% |
AECFT (2.7+£1.5)1072
AET (02+1.2)1072 [ AGST | (—28+1.0)10"7 |
NG (—2.7+1.5)1072

Genuine T-reverse Fake
AST g —0.682+£0.017 || AT f. (1.1+5.1)1077
ASFT o [ (024+1.7)1072 [ AZSFT £ | (—0.5+£4.4)1077
ACT g. (—02+1.2)1072 || AGT f. (21+1.3)1072
ACTTT ¢ | (27+1.5)1072 || AZSTT £ | (0.6 +4.0)107°
AGT g (02+£1.2)1072 [[ A% . (3.3+4.0)107°
ACFTT g | (—2.7£15)1072 || AGFTT £ | (0.6 £2.0)107°
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