file:///home/kirsim/Scaricati/shellesc.sty

Probing the collapse models at high energy

scale: New aspects?

Kyrylo Simonov
with Dr. Beatrix C. Hiesmayr

INFN-LNF, Frascati

¢ wniversitat May 26, 2017
. wien

L

Der Wissenschaftsfonds.

(Project FWF-P26783)

Kyrylo Simonov Probing the collapse models at high energy scale: New aspects?



Discrete symmetries: C, P, T

C (charge conjugation): {¢} — {—q} @ @

positive charge negative charge
P (parity inverse): € — —x, t — ¢ I@) <©>
left handed right handed

T (time reversal) : @ — @, t — —t @ @
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Neutral meson system: Kaons

Decay: K°(5d), K®(sd) — 27 (CP = +1), 3« (CP = —1).
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_ _ +

S|KY/KO) = +|K°/K0). — o

+ ot Tt

Mass eigenstates: 7 w7
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Neutral meson system: Kaons

Decay: K°(5d), K®(sd) — 27 (CP = +1), 3« (CP = —1).

Flavour eigenstates:

_ _ +

S|KY/KO) = +|K°/K0). — o

+ ot Tt

Mass eigenstates: 7 w7

|Krs) = mps. o T+
Am =5.29-10° hs~! —

CP eigenstates: C73|K1/2> = +|K)9).

K1) = |Ks), [K2) = |KL).
Mass eigenstates: |Kg) — 2, ]KL> — 3.

Flavour eigenstates: K% K% = (|KL> + ]Kg))

S\
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Neutral meson system: Time evolution

Time evolution of the flavour states:

)¢ = ay| M) + b |M°)
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Neutral meson system: Time evolution

Time evolution of the flavour states:

)¢ = ay| M) + b |M°)

. T .
M) = 2 (e‘FTHt‘WH'f!Mm b e imimitipg),
310(8)) = Ly (e~ F it ) — o= F et
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Neutral meson system: Time evolution

Time evolution of the flavour states:

[9)e = ag| M°) + by M°) K7
A 2. Kaons: L

BB =anar gl Ty ~1.95- 107! N
H|M;) = (mz + Epl) | M;) Ty ~1.12-10"%71 = )“_
1= H...Heavy, L...Light \T/
‘Mo(t» — % (e_FTHt_imHt’MH> + e_FTLt_imLt‘Mm), KO
300 = 2 (e FH it M) — e F st )

Transition probabilities:
1( —Tyt  —Tpt ~Irtlry
Phrjo_npo o (t) = Z(e HY 4 e L4277 2 'cos [tAm]).

interference term!
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CP violation

J. Cronin & V. Fitch (1964):
sometimes Ky, — 27!

’KS> = WOKD + €|KZ>)
K1) = St () +1K2).

Finalmenfe
abbiamo capito
le interazioni

deboli!

L
5
L

le| ~10—3
rate of CP violation
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Collapse models: Crash course

The general stochastical differential equation of a collapse model:

N

A N o
dln) = |~ifl dt + VA Z JAWiy = 5 S (A (Ai))d]|60).
=1 non-lin.  stoch. =1 non-lin.
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Collapse models: Crash course

The general stochastical differential equation of a collapse model:

N
A N o
d|¢y) = [ iH dt + ﬁ§ (A DdWie =5 j(Ai—<Ai>t)2dt] I60),
=1 non-lin.  stoch. =1 non-lin.

QMUPL and CSL setups:
A —as |MH mr
Aovurr =q® [mo | My ){Mg| + o |ML><ML|}7
A mg - R mr - .
Acsix) = [ dy gty =) (T2} 0)0n () + 3l () () ),
mo mo

_ly—x[?
27‘2

where g(y — x) = me c .

L. Diési, Phys. Rev. A 40, 1165 (1989).
G. C. Ghirardi, P. Pearle, A. Rimini, Phys. Rev. A 42, 78 (1990).
G. C. Ghirardi, R. Grassi, F. Benatti, Found. Phys. 25, 5 (1995).

Kyrylo Simonov Probing the collapse models at high energy scale: New aspects?
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The general stochastical differential equation of a collapse model:

N
A N o
d|¢y) = [ iH dt + ﬁ§ (A DdWie =5 j(Ai—<Ai>t)2dt] I60),
=1 non-lin.  stoch. =1 non-lin.

QMUPL and CSL setups:
- . m m
Aguupr = a® [ My ) (M| + "5 M) (My ],
mo mo

Acsix) = [ dy gty =) (T2} 0)0n () + 3l () () ),

_ly=x? 16 —1
2 A ~ 10

where g(y — X) = We e GRW S

)\Adler ~ 10_(8:t2)5_1

L. Diési, Phys. Rev. A 40, 1165 (1989).
G. C. Ghirardi, P. Pearle, A. Rimini, Phys. Rev. A 42, 78 (1990).
G. C. Ghirardi, R. Grassi, F. Benatti, Found. Phys. 25, 5 (1995).
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Collapse models & neutral mesons: State of the art

N
Modified Hamiltonian via imaginary trick: H— f[—\f)\zzﬁiw@t
i=1

=N (t)
Probabilities of finding M or M? in beam:

(MO MOIMO@0))1? = Y E (MO /M ps|U ()| M pi, (Va)) .
Py

includes collapse now!
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Collapse models & neutral mesons: State of the art

N
Modified Hamiltonian via imaginary trick: H— f[—\f)\zzﬁiw@t
i=1

=N (t)
Probabilities of finding M or M? in beam:

(MO MOIMO@0))1? = Y E (MO /M ps|U ()| M pi, (Va)) .
Py

includes collapse now!

N(t) — perturbation = Dyson expansion of U ().
The effect of the CSL model calculated up to the first order:
Cp+4T

1
(t) — Z (e—FHt + e_FLt :l: 26_ 2 Lt(l—At) COS[Amt]),

(1)
PM0—>M0/M0

where A = \osz (AWT;)Q, for kaons A o< 10738 571,
0

S. Donadi, PhD Thesis (Universita degli studi di Trieste, 2012).
S. Donadi et al., Found. Phys. 43, 813 (2013).
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Going beyond: Effect of the QMUPL model

Mass eigenstates:

1
MUPL MUPL MUPL -T
PEMUSE) = b (11— AGMUPE 44 3. S (A7 J2ett) e

QMUPL _ q)\ ™
°

=3 2 (1-2600)).

K. Simonov, B. C. Hiesmayr, Phys. Lett. A 380, 1253 (2016).

=

where A
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Going beyond: Effect of the QMUPL model

Mass eigenstates:
U 1 U
QMUPL QMUPL A\QMUPL -T
PM# >Mu(t) = O (1 A -t+3-2( i )2't2>'€ ut,

Flavour eigenstates:

QMUPL 1 Tt QMUPL 1 omMUuPL\2 ,2
PMOHMO/MO(t)_Ll{ d e (1—Ai -t+3.§(Ai ) .t)
i—H.L

Tg+T A
+2cos(Amt) e -kt (1 o

2
1 [ a\
3.- =22
+ 2(2

Am)2  A@MUPL | pQMUPL
( m2) H L -t
2mg 2

, 2

Am)2  AQMUPL 4 AQMUPL

( 2) 4+ 0H L 42 ’
2mg 2

=

where A,(‘}?MUPL = 7

2 (1—20(0)).

(=1

K. Simonov, B. C. Hiesmayr, Phys. Lett. A 380, 1253 (2016).



Going beyond: Effect of the CSL model

Mass eigenstates:

CSL N — (D, 4TG5y
Pri 2o, () = 0 € (Pt TL=)

) t t1
/dt1 /dtgé t—ty) = (1 - 0(O)>t
0 0

=

where TGSL — \CSL. ™y (1 _ 20(0)).

m

O N

K. Simonov, B. C. Hiesmayr, Phys. Rev. A 94, 052128 (2016).
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Going beyond: Effect of the CSL model

Mass eigenstates:

o\ﬁ_
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~
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Flavour eigenstates:

ef(FLJngSL)t

CSL
PrioZ o o () =

P () = B T ‘
+
4

.{1 N cos(Amt) .e—ACSL'(QAZ%Qt}
CSL\__ CSL *
COSh( (T +TF )2(FH+FH ) . t)

=

where TGSL — \CSL. ™y (1 _ 20(0)).
my

K. Simonov, B. C. Hiesmayr, Phys. Rev. A 94, 052128 (2016).
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Impact of the CSL model prediction: Masses

=< kL
L 3 kid P
. o Tt
pl
_— L T
P t
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Impact of the CSL model prediction: Masses

o+
mu s mo Ll =
mo my, ™ ;I'f: n%&
P t
_<n‘
CSL CSL 2 2 2
tesrordsr = S — +(1- )
L L 9
FL +FH mi+my,

m2 +mp Am+ % (Am)2
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Impact of the CSL model predictio asses

-
my mo o _ o
— e — N
mo my ™ ;I'f: ﬂ%
P t
_<n‘
CSL_1CSL 2 2 2
oIy = MuTmy (1 — mL
r¢stirgst mi+my m2 +mpAm+3(Am)? )’
exp T.—=1 oxp .= 1 A<D [hs—T hs—T hs— T
[ G| Tyl Is77] m [As™ 7] my, [hs™ ] myr [hs™ 7]
K-mesons | 1.117 - 1010 1.955 - 107 0.529 - 1010 2.311 - 10 5.524 - 107
D-mesons | 2.454-10%2 | 2.423.10'2 0.950 - 1010 1.468 - 10'2 | 1.477.10'2
Bg-mesons | 6.582-10'! | 6.576 - 10! 0.510 - 1012 1.020 - 10'® | 1.020-10%°
By-mesons | 7.072-10'' | 6.158. 101 1.776 - 1013 2.477 - 10 | 2.655. 1014
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Impact of the CSL model prediction: Collapse rate

2
exp _ _
re )\CSLmu (1 20(0 ))
(Am)? 1

(Vri'- W) S

Aestzmated
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Impact of the CSL model prediction: Collapse rate

2
Aestzmated (Am)2 1
< - T~ ) mi 1—26(0)
8(0)
90 0.1 0.2 0.3 0.4 0.5
10°5t_Adler
—
3 1010
) 10"t _GRW
102
K — By
—D Bs

K. Simonov, B. C. Hiesmayr, Phys. Rev. A 94, 052128 (2016).
K. Simonov, B. C. Hiesmayr, arXiv:1705.00913 (2017).
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Conclusions

@ The effect of the collapse models shows a dependence on the
nature of the noise and its correlation functions through the
choice of the value of the Heaviside function in zero 6(0).

Kyrylo Simonov Probing the collapse models at high energy scale: New aspects?



Conclusions
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e Any value 0(0) # 1 leads to a dependence on the absolute
masses which does not show up in the standard quantum
mechanics.
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Conclusions

@ The effect of the collapse models shows a dependence on the
nature of the noise and its correlation functions through the
choice of the value of the Heaviside function in zero 6(0).

e Any value 0(0) # 1 leads to a dependence on the absolute
masses which does not show up in the standard quantum
mechanics.

@ The CSL collapse can be considered as the only source of the
decay in neutral meson dynamics.

@ In turn it is possible to deduce the absoulute masses mg, my,
of the neutral mesons and predict the value of the collapse
rate A.
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THANK YOU FOR YOUR ATTENTION!
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Mathematics: Correlation functions and asymmetry

E[w(tl)w(tg)} = f(tl—tg; K, l/)

11— [t1—tal , sgn(t;—ts)
v 1+k2 € v
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Mathematics: Correlation functions and asymmet

E[w(tl)w(tz)} = f(tl—tg; K, l/) =

1 1 _It1i—tal |, sen(ty—to)
4 e )
v 1+k2
Correlation integral Symmetric approximation Asymmetric approximation
t t K 3
[dty [dtaf(ty — ta; K, v) t—v[l—e V] t—%[l—efgﬁ-(l—efﬁ)nzl]
0 0 Ktk
t ot | _t ) _nt
[dty [ dtaf(t1 —t2;rk,v) st—5[l—e V] mt—ﬁg[l—e v ]
0 0 .
2
H 1 . — K
The value of 6(0) is defined by asymmetry: 6(0) = 1%.
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CSL: neutrinos, neutral mesons, chiral molecules

NEUTRINOS
Types of neutrinos Energy (eV)
Cosmogenic neutrino 10 3 x 10®
Solar neutrino 108 5 x 10%
Laboratory neutrino 100 2x 1072

Decoherence effect

Time of Flight (s)

CSL damping (\;;t)
2% 107%°
4 %1074
2 x 107°7
Apect ~ 10718 — 1070

NEUTRAL MESONS

Types of mesons
K-meson

B-meson

Bg-meson

D-meson
Decoherence effect

CSL collapse rate \cs., (Hz)
1.5 x 10738

1.4 x 10734

1.7 x 1073t

3.2 x 10737

Apec < 8 x 107

CHIRAL MOLECULES

Type of molecule
SOCH;(p-CH5C¢Hy)
SOCH; (CHs)
SOCH;3(CH2CHs-a-CqoHz7)
SOCH;3(1-pyrenyl)
Decoherence effect

CSL collapse rate Acgs, (Hz)
6.3 x 10710

7.9 %1070

2.5 % 1077

5x 107

Apec ~ 107! —107°

M. Bahrami et al., Nature Sci. Rep. 3, 1952 (2013).
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