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Testing CPT: introduction

The three discrete symmetries of QM, C (charge conjugation: q = -q),

P (parity: x 2 -x), and T (time reversal: t - -t) are known to be violated in nature both singly
and in pairs. Only CPT appears to be an exact symmetry of nature.

CPT theorem holds for any QFT formulated on flat space-time which assumes:

(1) Lorentz invariance (2) Locality (3) Unitarity (i.e. conservation of probability).

Extension of CPT theorem to a theory of quantum gravity far from obvious.
(e.g. CPT violation appears in several QG models)

huge effort in the last decades to study and shed light on QG phenomenology
= Phenomenological CPTV parameters to be constrained by experiments

Consequences of CPT symmetry: equality of masses, lifetimes, |q| and |u| of a
particle and its anti-particle.

Neutral meson systems offer unique possibilities to test CPT invariance; e.g. taking
as figure of merit the fractional difference between the masses of a particle and its
anti-particle:

neutral K system neutral B system proton- anti-proton

/mB <107 ‘mp —ml_?‘/mp <107

-18

Other interesting CPT tests: e.g. the study of anti-hydrogen atoms, etc..
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Neutral kaons

‘KS,L> o [(1+ES,L)‘KO>i(1—8S’L)‘I?O>]

CP violation:

%L=8i§‘

T violation:
c = H,-H, _ _i%Mlz _%rlz/z
2(As—=A,)  Am+iAl'/2
CPT violation:
S = H,-H, _ l(ml?o _mKO) _(i/z)(rl?o _FKO)
2(Ag = 2,) 2 Am +iAT/2

* d # 0 implies CPT violation
« ¢ # 0 implies T violation
¢ # 0 ord # 0 implies CP violation

(with a phase convention IT, =0)

A. Di Domenico

Am=m, —mg |,
Am =35x10" GeV
AT =T, =2Am =7 x10™" GeV
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Neutral kaons

‘KS,L> o [(1+ES,L)‘KO>i(1—8S’L)‘I?O>]

CP violation: T violation:
€s.1 =8i(5‘ c = H,-H, =_iC:S]wlz_“C\Jsrlz/2
2(As—=A,)  Am+iAl'/2
CPT violation:
S = H,-H, =l(ml?°_ml<°) _FKO)
2(Ag = 2,) 2 Am +iAT/2
o o uge amplification factor!!
« 0 # 0 implies CPT violation Am=m, -m, , Al'=T,-T,

« ¢ # 0 implies T violation
- ¢ # 0 or § # 0 implies CP violation Am =35%x10"" GeV

(with a phase convention I, =0)  Al'=Ig=2Am =7 x 107" GeV
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neutral kaons vs other oscillating meson sxstems

<m> Am <I'> AI'/2
(GeV) (GeV) (GeV) (GeV)
K9 0.5 3x10°15 3x10°15 3x10°15
DY 1.9 6x10-1> 2x10-12 1x10-14
BO, 5.3 3x10°3 | 4x10°3 | O(10°15)
(SM prediction)
BY, 5.4 1x10-!1 4x10-13 3x10-14
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“Standard” CPT test

Comparing “survival” probabilities of K® and K® measuring KO Z )
semileptonic decays vs time: RS = (3.0 = 3.3 = 0.6) x 10 ‘C_=O_ - - t\ T
CPLEAR Vv
PLBL-144 (1998) -52 . | -E<f‘T‘KS><f‘T‘KL>*-

using the.unltarlty constraint 236 = J[(K, | K, )] = S| L— :
(Bell-Steinberger relation) > i(As=4;)

| Im 6 =(-0.7+ 1.4) x 105 |

PDG fit (2014) — | M 95%CL
—I . -r.) | :

1 (7m0 =) = (§2)( 0o - T,

S=— (107" GeV)
2 Am +iAl'/2
Combining Red and Imo results > 0
Assuming (F_O -1, )= 0, i.e. no CPT viol. in decay:
K K
‘mEO —m | <4.0X 107” GeV | at95%c..
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Direct CPT test in transitions

Motivations:

» test the CPT symmetry directly in transition processes between kaon states,
rather than comparing masses, lifetimes, or other intrinsic properties of particle
and anti-particle states.

« CPT violating effects may not appear at first order in diagonal mass terms
(survival probabilities) while they can manifest at first order in transitions (non-
diagonal terms).

* |In standard WWA the test is related to Red, a genuine CPT violating effect
independent of Al i.e. not requiring the decay as an essential ingredient.

» Clean formulation required. Possible spurious effects induced by CP violation
in the decay and/or a violation of the AS = AQ rule have to be well under
control.

Probing CPT: J. Bernabeu, A.D.D., P. Villanueva, JHEP 10 (2015) 139
Time-reversal violation: J. Bernabeu, A.D.D., P. Villanueva, NPB 868 (2013) 102
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Time Reversal

*The transformation of a system corresponding to the inversion of the time
coordinate, the formal substitution t — —t, is usually called ‘time reversal’, but a
more appropriate name would actually be motion reversal.

*Exchange of in <-> out states and reversal of all momenta and spins tests time
reversal, i.e. the symmetry of the responsible dynamics for the observed process
under time reversal t — -t (transformation implemented in QM by an antiunitary
operator)

«Similarly for CPT tests: the exchange of in <-> out states etc.. is required.
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Quantum entanglement as a tool

« The in<->out states inversion required in a DIRECT test of these symmetries
can be performed exploiting the properties of the quantum entanglement.

* In maximally entangled systems the complete knowledge of the system as a
whole is encoded in the state, no information on single subsystems is
available.

« Once a measurement is performed on one subsystem, then the information
is immediately transferred to its partner; the result of an analogous
measurement on it is determined.

[ (P)E"(~p)) - K" (B))|K(-P))]
K(p))|K.(-B)) - |k, (P)) K (-P))]

N = \/(1+‘8S‘2)(1+‘8L‘2)/(1 —essL) =]
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Definition of states

Let us also consider the states |K,), |[K_) defined as follows: |K,) is the state filtered
by the decay into nm (777" or 7¥7"), a pure CP = +1 state; analogously |K_) is the state
filtered by the decay into 37Y, a pure CP = —1 state. Their orthogonal states correspond
to the states which cannot decay into 77 or 37Y, defined, respectively, as

K_) = N_[[Kp) — 12r] Ks)] (mm|T'|Ky)
N e = TR )
K4) = Ny [[Ks) — n370[Kp)] (m|TKs
oo — (37°|TKs)
Orthogonal bases: {K,,K_} {K,,K_} T 3r0TIKL)

Even though the decay products are orthogonal, the filtered |K+) and |K-)
states can still be nonorthoghonal.
Condition of orthoghonality: N

|
T + Mo = €L + €5 7 K-) = [K-)

Neglect direct CP violation. Similarly any AS=AQ rule violation for |K") and |K")

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Entanglement in neutral kaon pairs

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study transitions
involving orthogonal “CP states™ K, and K.
L o= o =0/ B *decay as filtering
i) ﬁ_‘Ko(p»‘Ko(_p»_‘Ko(p»‘KO(_p»] measurement
1

= . . B *entanglement ->
K.(p )>‘K-(_p )> - ‘K-(p» K+(‘P)>] preparation of state

2L

(\]
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Entanglement in neutral kaon pairs

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study transitions

involving orthogonal “CP states™ K, and K.
ol e o — B decay as filtering
i) ﬁ_‘Ko(p»‘Ko(_p»_‘Ko(p»‘KO(_p»] measurement

1 *entanglement ->

-5l K+(13)>‘K_(—13)> - ‘K-(ﬁ» K+(‘13)>] preparation of state
TC+I-M -:_ ,:/_-_--y 33-[:0
< t1 > t1 w
K’ —=K reference process
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Entanglement in neutral kaon pairs
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involving orthogonal “CP states™ K, and K.
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A
X

t1 t1 i At=t2't1 ”
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Entanglement in neutral kaon pairs

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study transitions

involving orthogonal “CP states™ K, and K.
ol e o — B decay as filtering
i) ﬁ_‘Ko(p»‘KO(_p»_‘Ko(p»‘KO(_p»] measurement

1 *entanglement ->

-5l K. (p))k_(-p)) - |K_(P)) K+(—13)>] preparation of state
J'C+I-M -:_ ,:/_-_--y 33-[:0
< t1 " t1 w
K —K  reference process

—0
K —K CPT-conjugated process

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 15



Entanglement in neutral kaon pairs

*EPR correlations at a ¢-factory (or B-factory) can be exploited to study transitions
involving orthogonal “CP states™ K, and K.

N o *decay as filtering
|>=ﬁ [K*(B)K"(-p)) - |k (P))|K ("p)>] measurement
*entanglement ->

1 -
=ﬁ_ (B)|K_(~B))~|K_(p >K+(‘p)>] preparation of state
-:_:::-__-y 33-[:0
Tt N ARG
K —K  reference process
Note CP and T conjugated process K — EO CPT-conjugated process

K —-K K —K’

TTTT v

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 16



Direct test of CPT symmetry in neutral kaon transitions

CPT symmetry test
Reference CP7 -conjugate
Transition Decay products Transition Decay products
KO — K (0=, ) Ky — K9 3x9,¢7)
KV > K_ ¢, 37Y) K_ — KO (r7, £7)
KO - K et ) Ky — K9 (370, ¢1)
KO — K_ et 370) K_ — KO (7, £1)

One can define the following ratios of probabilities:

Ry cpr(At)
Ra cp1(At)
R3 cp7(Al)
Ry cpr(At)

= P [K4(0) — KO(At
= P [K’(0) - K_(At
= P [K4(0) — KO(At
= P [K’(0) - K_(A

)]
)
)]
t)

/P
/P
/P [K
/P

Any deviation from R, -pr=1 constitutes a violation of CPT-symmetry
J. Bernabeu, A.D.D., P. Villanueva, JHEP 10 (2015) 139

A. Di Domenico
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Direct test of CPT symmetry in neutral kaon transitions

I(¢=,37% At)
I(mm, 0—; At)

Two observable
ratios of double
decay intensities

I(¢+, 370 At)

I(mm, 0+; At)
Rexp
for At>0 2,CPT
Rexp
4,CPT
Rexp
for At<g  2CFT
R b
4,CPT
| . B BR(KL%STFO) 'y
with Dpr constant CPT = BR (Ks — nmr) I'g

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of CPT symmetry in neutral kaon transitions

Explicitly in standard 0 K (A
i i PKY(0) - K_(At
Wigner Weisskopf REXP (At) [ ( ) ( )]

= X Dcpr

approach 2,CPT P[K_(0) — KO(At)]
for At>0: ' 9
~ |1 — 25|2 |1 + 25€_Z(AS_>\L)At‘ X Dcpr
N P[KY(0) = K_(At
RSP (Al) = K*(0) AL Do

PIK_(0) = KO(A)]
. 2
~ |1 + 26]? |1 _ 25€_Z(>\S_>\L)At| « Depr

For comparison the ratio of survival probabilities: Vanishes for AI'->0

I(g_a €+3 At) P[KO(O) — KO(At)] As an illustration of the different

I(0+,0—; At) - P[K9(0) — K9(At)] sensitivity: it vanishes up to
o second order in CPTV and
80 decoherence parameters a,f3,y
1 + eti(As—AL)At

(Ellis, Mavromatos et al. PRD1996)

~ |1 —46]* |1 +

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 19




Impact of the approximations

In general K, and K_ Direct CP (CPT) violation CPT cons. and CPT viol.
(and KO and KO) Nrerw = €I + E;m AS=AQ violation

can be non-orthogonal X, T_

N30 = €5 + egﬂo
Orthoghonal ~ ~ ~ ~
J (K., K.} (K, K.} {Ko, K5} and {Kg, Ko}

bases

Explicitly for At>0:
ex P[KO(O) — K_ (At)

RSP (AL) = — - X D¢
2,CPT( ) PIK_(0) — Kq(Af) PT

~

o 2
= |1 — 25+ 22% —22* |* |1 + (20 + €50 — €1r) e~ sTAAN e Depr

co nn _ PIRo(0) > K_(A0)]
R, cpr(At) = PIR_(0) = Ko(Ad) Dcpr

= (14264221 + 22> |1 — (20 + € o — €y ) e {ASTALANT 5 Dipp

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 20




Impact of the approximations

RS},%)PT (At)
RZ},((IJ)PT (A?)

. 2
~ (1 —=8Ré — 8Rz_) |1+ 2 (13,0 — NVrrr) e—Z(AS—AL)At‘

= (1 — 8RS — 8Rx_) |1 +2(20 + ¢h o — € ) e T ASTALIAL

:

The double ratio constitutes one of the most robust observables for the
proposed CPT test. In the limit At 2> 14 it exhibits a pure and genuine CPT
violating effect, even without assuming negligible contaminations from direct
CP violation and/or AS=AQ rule violation.

BocerBE>75) s s

RZ},%)PT(At > 7‘5)

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of CPT in transitions with neutral kaons

for visualization purposes, plots with
Re(6)=3.3 10* Im(8)=1.6 10

3
25 ¢ Ro.cpr ™" / Depr
2 F
15 F
P A N
05 F
0 TP T PP B PR T PR P
-20 -15 -10 -5 0 5 10 15 20
o R EXP / D
25 E 4, CPT CPT
2 |
15 /\i?r
1 ===
05 F
0 evoooo b bowwow o by e e boww o by w b w b e s
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Direct test of CPT in transitions with neutral kaons

for visualization purposes, plots with
Re(6)=3.3 10* Im(8)=1.6 10

Modifications due to direct CP violation effects (unrealistically amplified ~x100)

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of CPT in transitions with neutral kaons

for visualization purposes, plots with
Re(6)=3.3 10* Im(8)=1.6 10

EXP
R cpr =" / Depr

CPT invariance

[
N

~0.1% violation

EXP
R4 cpr ™" / Depr

-

~0.1% violation

CPT invariance

Modifications due to direct CP violation effects (unrealistically amplified ~x100)

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of CPT symmetry with neutral kaons

for visualization purposes, plots with
Re(6)=3.3 10* Im(8)=1.6 10

EXP
R cpr =" / Depr

CPT invariance

measurable

~0.1% violation at KLOE-2

EXP
R4 cpr ™ / Depr

e -

~0.1% violation see A. Gajos’s talk

CPT invariance

Modifications due to direct CP violation effects (uhrealistically amplified ~x100)

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 25



Direct test of symmetries with neutral kaons

A. Di Domenico

Reference | T-conjugate | CP-conjugate | CPT-conjugate
K-> K| K°—K° K% — K" K% — K"
K- K| K°—K° K% — K" K% — K"
K-K,| Ky -K° | K'—>K;, K, —K°
K'-K_| K. -K° | K°—>K_ K_ — K"
K'—- K| K'—-K° K% — K’ K% - K°
K ->K°| K —-K° K’ - K° K’ — KY
K —>K,| K =K | K'—-K, K, - K°
K’ -K_| K. -K° | K —=K_ K_ — K°
K, -K°| K=K, | K -K’ K - K,
Ky -K°| K'—-K, | K —-K° K% — K,
Ky =Ky Ky =Ky | Ky = Ky Ky — Ky
Ky = K_| Ko —-Ky | Ky —KC Ko — K4t
K. —-K| K —=K_ | K. —-K° K’ — K_
K. —-K'| K =K. | K. -K° K° — K_
Ko —-Ki| Ky =Ko | Ko —- K4 Ky — K_
K. —-K_| KL - K_ K. —-K_ K. —-K_

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of symmetries with neutral kaons

Conjugate= Reference | T-conjugate | CP-conjugate | CPT-conjugate

reference KO KO | et KO _, KO KO _, KO
K'—-K’| K—-K" | K'—-K° o o o
K'-K,| K - K| K°—K.4 K, — K°
K -K_| K. -K | K'—=K_ K_ —K°
K'>K| K>K® | K°—=K° | FA NS T
K — KY | i K — K K — K°
K —>K,| K =K | K'—-K, K, - K°
K- K_| KL K’ | K'—=K_ K_ —K°
K, K’ K=K, | K, -K° K’ — K.
Ky —-K° K—-K, | K —-K" K% — K,
Ky = Ky | hoeltn | lp——ltc I —
Ki - K_ | KL 2 Ki | Ke—— K. — K4
K.—-K| K—-K_ | KL —K K% - K_
K.—-K K'—-K_ | K. —-K" K% - K_
Ko - Ki| Kf 2 K. | K—a Ky — K_
Ko - K| el | C——lt PSS ey

A. Di Domenico

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of symmetries with neutral kaons

Conjugate=

reference

already in the

table with

conjugate as

reference

A. Di Domenico

Reference | T-conjugate | CP-conjugate | CPT-conjugate
K — KO | i) K% — K" K% — K°
KOS RO | RO KY | RO KO | el
K'—>Ky| Ky =K | K=Ky Ky — K
K'-K_ | K. -K’ | K'—K_ K- — K’
KO & KO | Zo B0 P 7 7 0
KO — KO | it | ey oy o
K°—-K,| Ky - K° i K, — K"
K - K_| Ko — K? | e K_ — K°
Ky — K| H——— Ky — K° L
Ki — KY| bty | dm——"" I—ty
Ki — Ky | Kol | i I ——
Ki - Ko| Ko =5 Ky | Me——lte K_ — K4
Ko — K| biedin | K_ — K I
K_ — KO| b | fm—)" il
Ko - K| —— | — [ ——
Ko - K| s | ——l [——

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of symmetries with neutral kaons

Conjugate=

reference

already in the

table with

conjugate as

reference

Two identical

conjugates

for one reference

A. Di Domenico

Reference | T-conjugate | CP-conjugate | CPT-conjugate
KY — KV | g K% — K K% — K°
KY — KV | iKOmmit K% — K o o
K'—>Ky| Ky =K | K=Ky Ky — K
K'-K_ | K. -K’ | K'—K_ K- — K’
KO N KO IGO I_gO IGO I_io I_i I;O
K — KO | o) | oo  » —
K°—-K,| Ky - K° i K, — K"
KO- K_| KL - K" | ine—— K_ —K°
Ky — K| H——— Ky — K° L
Ki — KY| bty | dm——"" I—ty
Ki = Ky | Koty | i | I —
Ki — Ko | KeadSe, | M——lie K- — K4
K. - K| eim | K_ — K I—
Ko — KO| et | —" ——
Ko — K| —— | Kl | —
K. — K_ | C—lta Ml [C—ln

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of symmetries with neutral kaons

Conjugate=

reference

already in the

table with

conjugate as

reference

Two identical

conjugates

for one reference

A. Di Domenico

Reference | T-conjugate | CP-conjugate | CPT-conjugate
KO — KO | e K — K" K — K°
KO — KO | igfmmmid K — K° kel
K'—-K,| K =K | K'—=K, K, —- K°
K'->K_| KL - K% | K°— K_ K_ —K°
KO N KO IGO KO I;O KO K “0
K — KO | iolemsfe | oy P
KO- Ky | Ky - KO | i Ky — K°
K-> Ko | Ko » K% | et K_ — K’
Ki — K| Kot | K — K’ iy
Ky — K| oty | iop—(’ I—t
Ki = Ky | Koty | i | I —
Ki — Ko | KeadSe, | M——lie K- — K4
KoK i | K. — K —t
K_ — KO| b | d—" ——
Koo Ky | e | )t I —
Koo K| el | K—ta I —

4 distinct tests
of T symmetry

4 distinct tests
of CP symmetry

4 distinct tests
of CPT symmetry

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK 30



Direct test of Time Reversal symmetry with neutral kaons

T symmetry test
Reference T-conjugate
Transition Final state | Transition Final state
KO- K. (5 7°7°7%) | KL - K®  (7%%%7°, ()
K, - K (a9 ¢%) | K'Y= K, (0~ ,mm)
K’ — K., (e, ) K, =K (z°7%" ()
K. — K (mm, (1) K’ - K_ (0, 7m)
One can define the following ratios of probabilities:
Ri(At) = P[K’0) — K+(At): /P [Ki(0) — K(At)]
Ro(At) = P K"(()) K_(At)] /P [K_(0) — K" (At)]
Rs(At) = P[K’(0) — K+(At): /P [Ki(0) — K(At)]
Ry(At) = P[K°(0) = K_(At)] /P [K_(0) — K°(At)] .

Any deviation from R;=1 constitutes a violation of T-symmetry
J. Bernabeu, A.D.D., P. Villanueva: NPB 868 (2013) 102

A. Di Domenico

KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK
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Direct test of Time Reversal symmetry with neutral kaons

I(0—,3m% At)
2,T

ratios of double I(mm, 05 At)
decay intensities

Two observable RS2 (AY)

I(0*, 370 At)
I(mm, 0—; At)

RER (A1)

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK



Direct test of Time Reversal symmetry with neutral kaons

Explicitly in standard

Wigner Weisskopf
approach oxp P[K%(0) — K_(At)]

: At) = D
for At>0: RZ,T( t) P[K_ (O) N KO(At)] X T2

: 2
(1 — 4Re€) |1 4 2ee s =ALIAL » Dopr

expapy _ PIEK(0) = K- (At)]
Bty (A1) = P[K_(0) — KO(A#)] X D74

. 2
= (1 + 4Re) |1 — 2ee M PAsALIAY " ¢ Doy

A. Di Domenico KAON 2016 conference, 14 - 17 September 2016, University of Birmingham, UK



Impact of the approximations

In general K, and K_ Direct CP (CPT) violation CPT cons. and CPT viol.
(and KO and KO) Nrerw = €I + E;m AS=AQ violation

can be non-orthogonal X, T_

N30 = €5 + egﬂo
Orthoghonal ~ ~ ~ ~
J (K., K.} (K, K.} {Ko, K5} and {Kg, Ko}

bases

Explicitly for At>0:

exp . P[RO(O) — K—<At)] >
Lm0 = PR () = Ko(an) T

. 2
= (1 — 4Re + 4Rz + 4Ry) ‘1 + (26 + €y o + € ) e—ZOS—/\L)At‘ x Depr

oxpynp _ PEo(0) = K- (A1)
B = BR(0) 5 Kp(an) T

. 2
= (1 4+ 4Re + 4Rz — 4Ry) ‘1 — (26 + €50 + €rr) e_z()‘S_AL)At‘ X Depr
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Direct test of Time Reversal symmetry with neutral kaons

plots with CPV s
Ree and Ime
values 4

Modifications due to direct CP violation effects (unrealistically ahhg!iﬁgd ~x100)
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Direct test of Time Reversal symmetry with neutral kaons

plots with CPV
Ree and Ime
values

measurable
at KLOE-2

see A. Gajos’s talk

R,(At>>14)=1-4Re(e) ~ 0.993
R, (At>>tg)=1+4Re(e) ~ 1.007
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Conclusions

It is possible to directly test T and CPT in transition processes for the first time between
neutral kaon states.

Maximal entanglement of the initial state is assumed (impact of possible loss of
coherence => w effect; stringent limits measured at KLOE).

KLOE data analysis ongoing (see A. Gajos’s talk); KLOE-2 could reach a statistical
sensitivity of O(1073) on these new observables.

In B meson system similar tests (see Bevan’s talk);

CPT test:

The proposed CPT test is model independent and fully robust. (It can then be translated in
terms of 9, o, B, v, Aa, etc..).

In standard WWA the test is related to Red, a genuine CPT violating effect independent of
Al' and not requiring the decay as an essential ingredient.

VERY CLEAN TEST. Possible spurious effects induced by CP violation in the decay and/

or a violation of the AS = AQ rule have been shown to be well under control.

There exists a connection with charge semileptonic asymmetries of Kg and K,

T test:

It is possible to perform a direct test of the time reversal symmetry, independently from CP
violation and CPT invariance constraints.

Clean test, no impact of direct CPV; AS = AQ and no CPT viol. in semilep.decay assumed.
The constant D.pr Nneeds to be measured with ~ 0.1% precision.

in the “plateau” region effect proportional to Re(¢), not independent of Al
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