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Long-lived Particles

» Non-prompt decays
» Weakly coupled new physics

1
> T X couplingE

» Complementary detector signatures:
» Displaced decays
» Missing energy
» Other signatures
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Axion-like particles

» Use as benchmark model
» Effective Model of Standard Model + ALP
» Couples in the UV to either fermions or W-bosons

o+
Lestuv = Z Cff2( #) fa(f Yuvs.f) + CWW;L c W, WA
f a a

» This talk: just cyp-term

using Bauer, et al. [2012.12272]
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Belle Il

» Belle Il is an eTe™-collider:

» Small boost

» Clean background

» Optimised for rare B-decays
» Full solid angle

» We produce ALP in BT — K*a
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Displaced decays

» The ALP decays into pair of visible particles
» Within the tracking system (CDC)

dres R

Ndisp:NX BT’(B-)KCL) X (eiWﬁcT —eiwi?) x Br (a_>ff) X &
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Displaced ALP decays

» BY" - K*a,a— ptu~,ete displaced
» Simulated with EvtGen data

» Assume zero background

Projected bounds on BR(B* > K™* + X)
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Invisible decays

» ALP decays outside of detector
» The other B decays generically
» Inclusive search

» Analysis of B- and continuum backgrounds

R
Niny = N X Br (B — Ka) x e 7t X ¢
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Kinematic variables of the system

» The decay B — Ka is given by its final state momenta

p(K),p(a)
p(a) is not measurable
Pmiss 1S measurable

» We choose the following variables to describe our system:

Kaon transverse momentum pr(K)
Opening angle between kaon and missing momentum ¢ gy, ;..
Reconstructed B-meson mass M2 from p(K), Pmiss
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Kinetic variables in our signal samples
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Kinetic variables in our backgrounds
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Kinetic variables in our backgrounds
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Placing cuts on the distributions
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Bounds from invisible decays
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Displaced or Invisible?

103

Projected bounds on BR(B* - K* + X)
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Conclusion

> Belle Il is a good detector for long-lived particles
> Invisible searches are stronger than displaced ones
» Displaced searches are useful for characterising LLPs

» This varies from model to model and detector to detector
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Backup plots

Ruth Schafer (Heidelberg University) Displaced or Invisible?



_ — my=3.0GeV
5 0.087 — m,=300MeV
% — m,=5.0MeV
£ 0.06
Q
>
Q
5 0.04
]
o]
€ 0.02
i

0.00 . : : : .

20 30 40 50 60 70 80
M2 [GeV?]
Preliminary

Ruth Schafer (Heidelberg University)

Displaced or Invisible?

LLPX, Nov 10, 2021

90

17/15



_ — m,=3.0GeV
5 0.157 — m,=300MeV
S — ms;=5.0MeV
2
c
< 0.10
Q
Y—
o
g 0.0
c 0. 5
-]
c

0.00 —— - - . .

25 50 75 100 125 150 175
¢Kpmiss [°]
Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 18 /15



— my=3.0GeV
_ — m, =300MeV
L.0.121 — m,=5.0MeV

9]
)

c

$ 0.101
>
()
%5 0.08 -

— 0.15
-]

& 0.05-
=

2 0.031

0.00 I-FF-:

00 05 10 15 20 25 3.0
pr(K) [GeV]

Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 19/15



x10°

3.5+ =Bt K*a
- Bt-sK*a
3.01 [misrec.]

2.5 B ud
O dd

2.01 O ss
[ cc

1.5+ = BOB'O
[

1.0+

0.5

number of events at Belle Il (50ab~1)

0.0 . .
0 20 40 60 80 100

M2 [GeV?]

Preliminary
Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 20/15



x1010

T 127 prik+a
§ — B*5K*a
n 1.07 [misrec.]
LY

2 081 m da

m _

2 [ ss

© 0670 cé

§ = B°B°

© 041 O

Y

o

202-

=

o}

C

0 20 40 60 80 100 120 140 160
¢Kpmi55 [°]

Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 21/15



x 1010

o — B*-K*a
§ 1.75-  BYoK*a
L-’_l 1.50- [misrec.]
- E ud

@ _

g 1.25- @ dd
©1.00- = e

y&} ) [ cc

0 0.751 -

[ d

Y

o

)

QO

€

=}

C

0.00 - . .
0.0 0.5 1.0 15 2.0 2.5 3.0

PT(K) [GeV]

Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 22 /15



3.0 1 5K A
2.5 e Bt-oK*a
[misrec.]
> 2.0 backgrounds
g1_5-, .................................
~
Q1.0
0.5 1
0.0+—m—i = - . .
0 20 40 60 80 100 120
M2 [GeV?]
Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 23/15



e Bt-Kta
1251 « B*-5Kta
[misrec.] _
< 100 backgrounds
Q
S,
o~

Preliminary
Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 24 /15



[misrec.] e
2.01 = backgrounds -

sssssaamEsnans

Preliminary
Ruth Schafer (Heidelberg University) Displaced or Invisible?

LLPX, Nov 10, 2021

25/15



........................ |
Bt-K*a
[misrec.]
backgrounds

60 80 100 120
M2 [GeV?]

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 26/15

Preliminary




150 :
e Bt-K*a
125 1 o B*-K™*a
[misrec.]

100+ = backgrounds

EN3

0 . : :
0 50 100 150

Preliminary
Displaced or Invisible? LLPX, Nov 10, 2021 27 /15

Ruth Schafer (Heidelberg University)



e Bt-oK*a
254 ¢ B"-=K"a
[misrec.]
backgrounds

0 50 100 150
¢Kpmiss [ ° ]

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 28/15

Preliminary



x107°

T 2.5 — — B*-K*a
Q : =+ +

© i =— B*¥-K*a
5 i 30
= 2.0 [rr_nsrec.] X
@ B ud

g &8 dd

p 1.51 O ss

) [ cc

c 030

¢ 1.0 W B8"8

o O

kS

9 0.51

S

>

c

30 40 50 60 70 80 90 100
M2 [GeV?]

Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 29/15



x107°

727' — B*oK*a —
86l -~ B*->K*a :
) [misrec.] x30
i 5 B ud
E @ dd
= 41 [ ss
© -
4 O cc
g3 m
o |
G 27
g
c 1
>
C
0

0 20 40 60 80 100 120 140 160
¢Kpmiss [°]

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 30/15

Preliminary




x1073

4.0 —p — B*oK*a o
QO H H
S 3.5 . Bfok*a
Q [misrec.] x30
D @ dd

2.54 :
% O ss
w 2.07 O cc
S5 m B°B°
o™ O B*B-
© 1.01
o :
o] :
€ 0.5
S H
c :

0.0+
0.0 0.5 1.0 1.5 2.0 2.5 3.0

pT(K) [GeV]

Preliminary

Ruth Schafer (Heidelberg University) Displaced or Invisible? LLPX, Nov 10, 2021 31/15



	Appendix

