ID #40;

xarss  Inyestigating Quantum Decoherence in

amannl16.iitr@gmail.com >024

6935} Jscillation at ESSnuSB Experiment

Co-funded by

sredimospetentls weewmenvien — Aythor: Aman Gupta U'?; Presenter: Monojit Ghosh 3 on behalf of the ESSnuSB collaboration
1Saha Institute of Nuclear Physics,Kolkata, India, HBNI Mumbai, India 3Ruder Bogkovié Institute,Zagreb, Croatia

: Oscillation Probability including Decoherence ’
Introduction (7] g Correlations
o 1 I I I o o 2 ~ 2 ~ 2 2 ~ K — e
Neutrino oscillation is a Py, — vg) = 845 — 2 ¥ Re|U*UgiUs,U%l |1 = cos (2A;:) e Vil| +2 v Im [UX UgpUs US| sin (2A;;] e 9t |, o 36, 2% syst. | 1045 L e B |
5 5 ai” BiY BiY B J ak"Y BEY B3Y B4 J ™ = 6.1#10
. 1> 1> ' 30, 5% syst. =0 (GeV)
quantum mechanical | PR
- QD induces terms similar to damping phenomena of the — w0
phenomenon that arises due to o pwng p ik ~ " O
the coherent superposition of form e i in the oscillation probability. g | ﬂ [ S—
— D | : : | |}
neutrino mass states. 0294 = — om0 0.12f — om0 :
P ',.*”u*:: — p= = ",.*”t.-*?: — p= = 10°F ]
I—I()Vvever7 1f neutrino as a 0.1041 ------- F::uxmess-Eectinn 0.10- Frux:-tf.mss-sectiﬂn f I 10 36
: ;,': "“ solid: w/o decoherence solid: w/o decoherence | |
quantu.m System 15 Coupled to 0.08 | dashed: I3 =1.2 x 1072° GeV 0.08- { dashed: '3, =4.7 x 10~%* GeV N IR SOV A IO IR
an environment, the coherence dotted: Iy =1x 107* GeV . | {i dotted: M3 =1 x 10-22 GeV 10 llql 0% {gz 0° 10 TR
, E - __ ; y 1 (107Ge [y, (107GeV)
petween two or more S o 0.06
propagating states may be lost 0.0adll 1 7 sal aee™omr —— | ML e ™opy
leading to the suppression of Wy /7 T p o eyl —— 4 Jeky™elr —
. . 0.02441 § \ Sy 50
Havour oscillations. wy ARV 3 Q
Y/ : A ; 1.“1 %
| | e, | , : U.UO : : AT : | :
® Such type of 2 04 06 08 L0 12 14 16 02 04 06 08 10 12 14 16 =
environmentally induced E (in GeV) E (in GeV) X D
quantum decoherence (QD) n Fig.: Effect of I'y; and '3y on the appearance probability for the ESSnuSB. o}
o1 . . . 40 +
neutrino states might emerge e The P, probability is mostly affected by I'9; in comparison to I's. I R S R
: e : 10" 10! 10% 10° 10’ 10" . 107 10’
from quantum gravity effects e The effect of I'yy is significant when ocp is —90°. [y (107GeV) [y (107GeV)
or space-time “foam” which - e —
.. : 36, 8p " =-128° —— 30, 8cp = -128° ——
acts as dissipative sources ol .50 — | 5ol 10,6, 0 ——
and can modify the L . . 36, 8¢ = -90° 30, 3y = -90°
o G For maximal CPV, the relevant contributing terms for I'y9; and I'sy are = ] ) | o )
v-oscillation probability in oo 8
’UG/FZ.O’U,S w&ys /]/ P,ue O ‘ X ‘20&A31(F21L — ZSiHQ Agl) — FglL Sin 2A31‘ : E‘—SO _50
. - .
_ . 0 —- ’ 2\
|PE€P Odd\ o |T'3oL cos 231 4 2sin® Ag | . < . |
-100 £ | {- — “
QD: Formalism For ocp = 0, 180°, expression for CPV precision is given by: Sl U | sl D _
1 1 N TS S S 100 o 10° 10’
m . . . . Aé p X ’ r 10_25G V F32 (10 GeV)
- he tlme eVOhlthﬂ Of HGUtleOS 11 ¢ ‘20&A31(F21L — 2 Sin2 Agl) — F21L Sin 2A31| |04A31F32L COS 2A31 + 204A31 Sil’l2 /\ ) V)
an open quantum system is given by On the other hand, for maximal CP violation, we obtain
Op(t) 1 | 1 Key Takeaways
— —i[H, p(t)] + D]p(t Bdep o n 2| n Ay
at - Z[ ) /0( )] [10( )] ) |F21L(COS 2A31 + COS 2(912) + 204A31 S111 2A31‘ |OJA31(1 — FggL) S111 A31|
(1) o e For the first time, we explore the
where H is the neutrino Hamilto- Bounds on I'2; and I's2 CPV Sensitivity & sensitivity of ESSnuSB to
nian which can be written as Prectsion constrain I'y; and I'sy [5).
_ 16
| 0 0 0 14- -t U 7 e We find that, the bounds on 1’y
— 5% 20.0{ — Il21whenlz= /7 )
H — . Ul0Am3, 0 |UT 1. — 10%syst. 17| — Ts;when Ty =0 /. are better than
—— =T
0 0 Am%l 10 _— S 15.0- S MINOS/MINOS+ and DUNE,
' : > I RS i i Q- ] S ——-== ’ . . .
100 58 S S e while constraint on '3y s
6_ N>< i0.0¢+  SS==——__-- ot e
+ Vee |00 0. (2) i E 7.51 solid: 585 = +90° competitive.
000 e 90% C.L. 5.0 dashed: 68%¢ = —90° £SSuSh f 5
| j ® nuSB measurement o
2.5 CP
The effect of decoherence is given 0 . . S : :
hv the dissi D gh- h 1 10 100 000 255 250 225 220 s —zo0 emains robust for [';; in the
y the dissipator matrix WIC it B
. . . [21(10724GeV) logaoT range [1072*,1072! GeV
on imposing relevant physical con- ve o ) '
ditions can be parametrized as Ll — 2ot For small I'yy, the sensitivity first For 1h 1 O
] 0 . o
D — —diag(Tyy. Ta1. 0. Ty Ty g, T, O) " — i(’ff?“-t slightly decreases and when the de- or the case of mazima
— ) y Vs 9 ) ) ) ' 2{ — 10% syst. , ' ) )
” coherence term becomes dominant, molatwnb, an uncerta;nty below
. S | | | 30.CL_ . TR 10° can be maintained for
The solution to the Eq.1 is given by, 4 the relevant probability increases FoS10-2 (ol f
A ‘. along with 'y, improving the sen- L)~ ev.
41 SILIVILY. e Interesting correlations have
_________ 90% C.L.
. . e e, o . | 81 _—___ gtrue — no
and the oscillation probabilities in 2 ) A _ been observed among O3 and
the presence of decoherence read as S 10 100 —6- NN e
> [32(1074GeV) i References
Py, — vg) = TT{ “(0)p" (@ ] S ol Then T2 =0
( - B ) i ( )'0 ( ) Decoherence 90% C.L. (in GeV) Sl ot dashes, Foen 12120 o [1] E. Lisi, A. Marrone, and D. Montanino. Prob-
5) Parameter S < N ing possible decoherence effects in atmospheric
~ . 2% syst. 5% syst. 10% syst. N neutrino oscillations. Phys. Rev. Lett., 85:1166—
Here, U is the modified PMNS ma- Ty when || N > - 1169, 2000.

L ~ Am% L 30 =0 2.06 x 107" . iRxl 240 235 -230 -225 -220 -215 -21.0 2] A. Alekou et al. The European Spallation Source
trix in matter and Aij — J : T4y when 0g10 neutrino super-beam conceptual design report.
A2, beine th 4F q T — 0 1.31 x 1072 | 1.50 x 1072 | 1.64 x 10723 00— Eur. Phys. J. ST, 231(21):3779-3955, 2022.
Wil m;; bLELg LVhE Hdss squale Ty — Ty || 223 % 102 @ 07250564 x 102 17.5{ oér;e: ~o0¢ i 3] Valentina De Romeri, Carlo Giunti, Thomas
differences in matter. : ' . 150 colid: Ty when Fay =0 //:," Stuttard, and Christoph A. Ternes.  Neu-

Other experimental bounds at 5125 dashed: I's; when [, =0 /,:’/' trino oscillation bounds on quantum decoher-
o [, = 360 km, Water Cherenkov 90% C.L. are [3, 4] S dot dashed: 32 =T ence. JHEP, 09:097, 2023,

: ’ = 4] G. Balieiro Gomes, D. V. Forero, M. M. Guzzo,

detector of fiducial volume 538 S ]
T —24 3 P. C. De Holanda, and R. L. N. Oliveira. Quan-

: I'so =191 < 9.4 x 10 GeV [MINOS/MIN( . . 1

kt and 5 years r un-time Of . 93 tum Decoherence Effects in Neutrino Oscillations
neutrino + 5 years of 'y < 1.2 x 107" GeV  [DUNE], at DUNE. Phys. Rev. D, 100(5):055023, 2019.
Y [ < 4.7 x 107%* GeV DUNE]. 0.0 5] J. Aguilar et al. Decoherence in Neutrino Oscil-

. . 240 -235 -23.0 -225 -22.0 -215 -21.0 , .
antineutrino [2]. lograT lation at the ESSnuSB Experiment. 4 2024.


https://arxiv.org/abs/2404.17559
mailto:amann16.iitr@gmail.com

	References

