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Dask sector: how does it look like?
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Low mass dark matter @ Belle (ll): Y(1S) — Invisible

Y(nS): bound state of a b quark and a b antiquark —» e 3Y(35)
J(4.4%)
_ 2 x g4 Y(3S)2n ' wY(1S
BR(Y(1S)»vv) 27G MM)(_1+£ 2 )2_4 - (35) . (15)
A 2 2 3 O Ow) = Y (1S)- invisible
BR(Y(1S)»e’e’) 64m a
BR(Y(1S)3v¥)~9.9x10"° > eeaY28)
> Low mass dark matter particles however might might play a Y(ZS)_)JE, mY(15)
role in the decays of Y(1S), having Y(1S)-xx if kinematic Y (1S)=invisible
allowed. [Phys. Rev. D 80, 115019, 2009] Belle? Simulation
Y(3S) -~ mrY(1S),
> Also, new mediators (Z', A% h°% or SUSY particles might Y(1S)~ w
enhance Y(1S) - vw(y). [Phys. Rev. D 81, 054025, 2010] T a20365, n30.0h0552372

Y={-0,00. 0,00, -0,03}
Hother: MCParticles[0] (Upsilon{35))

> In absence of new physics enhancement, Belle2 should be
able to observe the SM Y(1S)-wv

~900 MeV available for PM

//x‘

Charge=-1,. PDG=-211 {pi-}

My(3s):10-355GeV/C2’ MY(25)=10.023G6V/C2, MY(15)29.460GQV/C2 pT=0,344016, p2=0,118851

Y={-0,00, -0,00. -0,03%
Hother: MCParticles[0] {Upsilon{35}):

e

~540 MeV availablefor P__ ’
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Low mass dark matter @ Belle (ll): Y(1S) — Invisible

—» e 2Y(35)

2 2 ré
BR(Y(1S)»vv) 27G'M 4 2 . 4 (4%
(Y(1S) + _) _ S 14 Zsin’0,,) =4.14x10”* Y(3S)sx Y (1)
BR(Y(1S)%e’e’) 64m a 3 v
B g Y (1S)-invisible
BR(Y(1S)»vv)~9.9%10 :
—» e 3Y(2S)
J(18.1%)
> Low mass dark matter particles however might might play a Y(Zs)ﬂi mY(15)
role in the decays of Y(1S), having Y(1S)- xx if kinematic Y (1S)= invisible
allowed. [Phys. Rev. D 80, 115019, 2009] Belle2 Simulation
_ _ Y(3S) -~ mrY(1S),
> Also, new mediators (Z', A% h°% or SUSY particles might Y(1S)~ w
enhance Y(1S) - vw(y). [Phys. Rev. D 81, 054025, 2010] T a20365, n30.0h0552372
::iﬂgﬁ?gﬁcﬁgéggiélégfg? } {Upsilon(353
> In absence of new physics enhancement, Belle2 should be
able to observe the SM Y(1S)-wv

A signal of Y(1S) — invisible is an excess of events
over the background in the M_distribution at a mass

equivalent to that of the Y(1S) (9.460 GeV/c?)

Charge=-1,. PDG=-211 {pi-}
pT=0,344016, p2=0,118351

2 2 CMS s ? :
— G | — ] :uéhgﬁgaﬁcpg%ﬁélegfg?{upsilunmszl}
M,=s+M_. .—2vsE_
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Low mass dark matter @ Belle II: Y(1S) — Invisible

—» e 2Y(35)

2 3 rd
BR(Y(1S)»vv) 27G'M 4 | 2 . 4(4%)
(Y(1S) + _) _ S (142 sin’0,,) =4.14%x10” Y(35)s 7Y (1)
BR(Y(1S)=»e'e) 64m a 3 Y
B 6 Y (1S)~invisible
BR(Y(1S)>vv)~9.9x10 )
—» e 3Y(2S)
J(18.1%)
> Low mass dark matter particles however might might play a Y(25>_)Ti mY(15)
role in the decays of Y(1S), having Y(1S)- xx if kinematic Y (1S)=invisible
allowed. [Phys. Rev. D 80, 115019, 2009] B . .
elle2 Simulation
_ _ _ Y(3S) -~ mrY(1S),
> Also, new mediators (Z', A% h°% or SUSY particles might Y(1S)~ w
enhance Y(1S) - vw(y). [Phys. Rev. D 81, 054025, 2010] T a20365, n30.0h0552372
::iﬂgﬁ?gﬁcﬁgéggiélégfg? } {Upsilon(353
> In absence of new physics enhancement, Belle2 should be
able to strongly constrain the SM Y(1S) - wv

No signal was observed over the expected background and upper
limits have been obtained: BR(Y - vv) < 3x10* (BaBar) and
BR(Y - w) < 3.0x103(Belle).

‘ Process ‘ Lini(ab™1) ‘ € ‘ N(Y(15)) ‘ Nyas)sve | Nnp “
Y(25) — 77 Y(1S) 0.2,7(25) | 0.1-0.2 | 23 x 10° | 230-460 | 6900-13800 || Charge=-1. PDG=-211 (pi-)
\ _ : - il — pT=0,344016, p2=0,118551

T(35) = 7rn~Y(19) 0.2, 7(35) | 0.1-0.2 | 3.2 x 10 32-64 945-1890 V=(-0,00, -0,00, -0,03}
Y(45) = 777 Y(15) 50.0, Y(45) | 0.1-0.2 | 55 x 10° | 5.5-11 165-310 | "evhers MEParticlesiol (esilon(ss))
Y(55) = 77 Y(1S) 5.0,Y(55) | 0102 | 7.6x 100 | 7.6-152 | 228-456 5

2 1srY(25) = (Vsr)at 7= Y(15) | 50.0,Y(4S) | 0.1-02 | 1.5 x 105 | 150-300 | 4500-9000

Y 1srY(35) = (ysr)mt 7 Y(15) | 50.0, Y(45) [ 0.1-02 | 3.5 x 107 | 35-70 1050-2100
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Low mass dark matter @ Belle II: Y(1S) — Invisible

Process Lini(ab=1) | ¢ N(Y(1S)) | Ny@s)—ve | Nnp
T(2S) —» 77~ Y(1S5) 0.2, 7(25) 0.1-0.2 | 2.3 x 108 230-460 6900-13800
T(3S) = nTr~Y(LS) 0.2, 7(35) 0.1-0.2 | 3.2 x 107 32-64 945-1890
T(49) — TF+TF_T(1S) 50.0,T(45) | 0.1-0.2 | 5.5 x 10° 5.5-11 165-310
T(55) = 777~ Y(1S) 5.0, T(59) 0.1-0.2 | 7.6 x 10° 7.6-15.2 228-456
YisrY(2S) = (yrsr)m T~ Y(1S) | 50.0,T(4S) | 0.1-0.2 | 1.5 x 103 150-300 4500-9000
visrY(35) — (-";LS'R.)TF"_T_T(LS') 50.0.7(45) | 0.1-0.2 | 3.5 x 107 35-70 1050-2100

Belle2 Simulation

If we collect >200fb* of data @ Y(3S) [Y(2S)] we should reconstruct  v(3s)- 'Y (1S),

between 30 and 300 [~200 and ~2000] events , assuming Y(1S) - w |

105 (SM)<BR < 10* (NP) and g_=10%. PTo0- 420365, p2=0.00092372
V=(-0,00, -0,00, -0,03)
Hother: MCParticles[0] (Upsilon{35))

Y —invisible

However trigger is not yet taken into considerations and preliminary
studies have shown that the trigger (only) efficiency currently is of
~50%.

Work also during phase Il data taking is needed to perform test on
exotic triggers (for the two low momentum 71's).

Another thing that need to be clarified is the data taking at other

Charge=-1,. PDG=-211 {pi-}

energies than Y(4S). If the luminosity is too high the bkgd levels pI-0,344016, p2=0.113851
iIncrease as well and triggers have to be scaled accordingly, this is Hother: MCPart.icles[0] (Upsilon(3s)
in conflict with the need of low momentum pions trigger: data taking 6

must happen in the early period of phase 3.
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Low mass dark matter @ Belle II: Y(1S) — Invisible

Process Lini(ab=1) | ¢ N(Y(1S)) | Ny@s)—ve | Nnp
T(QS) — TF“L?F_T(LS*) 0.2, 7(25) 0.1-0.2 | 2.3 x 10% 230-460 6900-13800
T(BS) — T{'_'_T{'_T(lS) 0.2, 7(35) 0.1-0.2 | 3.2 x 107 32-64 945-1890
T(JIS) — 7r+?r_T(1S) 50.0, T (4S8 0.1-0.2 | 5.5 x 10° 5.5-11 165-310
T(SS) — ?F“"TF_T(lS) 5.0, T(55) 0.1-0.2 | 7.6 x 10° 7.6-15.2 228-456
visrY(2S) = (yrsr)m T~ Y(1S) | 50.0,T(4S 0.1-0.2 | 1.5 x 108 150-300 4500-9000
“;_S-RT(.‘SS’) — (-‘j.-;Lg-R)Tr"'?T_T(lS) 50.0.Y(4S 0.1-0.2 | 3.5 x 107 35-70 1050-2100
-30
107 DAVA(wo ln Chan) - I Belle2 Simulation
- ——— DAMA (w/ lon Chan.) - N
10-32 | PICASSO(2012) _ Y(3S) - Tt T['Y(lS),
C —— SIMPLE . Y(1S)—- wv
— coupp g= Charge=1, PDG=211 {pi+
B - :;‘?ims _ pT=0,420365, p2=0,000692372
" : . Y=(-0,00, -0,00, -0,03)
1 0-35 — _ 595:((112}}:;? - Hother: MCParticles[0] (Upsilon{3S5h)
S S
o —
0 3107°F
© —
1041E
i Charge=-1,. PDG=-211 {pi-}
- pT=0,344016, p2=0,118851
44 ¥=(-0,00, -0,00, -0,02)
10™°E : | Mother: MCParticles(0] (Upsilon(35}
102 10" 1 10 7

m, [GeV]
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Low mass dark matter @ Belle ll: a dark Z’

Partial width results and BR not published, derived from egn. 2.12 of Essig et al. JHEP02(2015)157,
arXiv:1412.0018 [hep-ph] (contact: Brian Shuve).

The model is a new gauge boson, Z’, which couples to L,, — L. The interaction Lagrangian is
L = —gm"Z p+g V2,1 — 9 0u 2 v + 90 2 v L

The equations for the partial widths are,

N2 M, 2M 2 AM?
INOA +—=(9)—Z1 ¢ 1— — L 9(M, —2M
(2" = £77) 1o T, M2, (Mz ¢);
I\2
My
F ZI — — (g)
(2" = vern) 24
2T (Z "> v, V)

Br(Z'-invisible )=

2T (Z'=»v,v,)+T (Z'»>u W)+ (Z' 1" 1)

1) The branching fraction to one neutrino species is half of the branching fraction to one charged lepton flavour.
The reason is, of course, that the Z’ only couples to left-handed neutrino chiralities whereas it couples to both
left- and right-handed charged leptons.

For M,<2M, Br(Z' - invisible) =1.
For 2M <M, <2M, Br(Z' - invisible)~1/2
For M_>2M_ Br(Z'— invisible)~1/3
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Low mass dark matter @ Belle ll: a dark Z’
The model is a new gauge boson, Z’, which couples to L, — L. The interaction Lagrangian is
L = —gpV"Zp+ g2, — g v Z v + 9 0 Y 2 v .

The equations for the partial widths are,

0(Z' — et =

F(Z’ — L’gL_/g) =

| fﬂm

10.1103/PhysRevD.94.011102
Ll I

101 i

1'7"’

10
mz (GeV)

9


https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1103%2FPhysRevD%252E94%252E011102&v=7463b404
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT

1207.5832 BaBar, T+CPT v
1302.4191 A. Bevean, G.l., M. Zoccali b
1605.04545 BaBar, CPT ?

Dual CP/CPT violating asymmetry in opposite sign v
dilepton events with entangled B, mesons (time dependent).

1 - _
At=pycAz

Zi( |BLH> ) _ ( M4 —%_1—‘11 Mo — %flz ) ( U_Ii()) )
dt \ |B2r) Miy =505, M3 — 4T3, )\ [B°)
By ) = pv1—z|B") + qv/1 + 2| B
By,1) = pv1—2|B%) — qv/1+ z|BY)

L _ (my11 — mag) — %(1“11 —T'y)
) Am — %AF 10
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT

1207.5832 BaBar, T+CPT v
1302.4191 A. Bevean, G.I., M. Zoccali o
1605.04545 BaBar, CPT ?
r
Dual CP/CPT violating asymmetry in opposite sign v
di-lepton events with entangled B, mesons (time dependent). .
' D
1 0 R0 20 R0 T
m:ﬁ(ngQ—BlBg) r
At=PycAz
o e TIAt AT At AFAt .
N~ o {co'sh( ) — 2Rz sinh( ) + cos(AmAt) + 2\97szn(AmAt)}

P(B° — B°) — P(B° — B°%  NZ%(At>0)— N¥(At<0)
P(B° — B%) — P(BY — BY)  N2Z(At>0)— N2 (At <0)
Sz sin(AmAt) — Rz sinh( Arﬁt)
2 ATad
cosh(=57%) + cos(AmAt)

Acpr.cpr(|At]) =

Expected sensitivity with 5 ab™* ~3-4 x 103 1
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT Jlyp,cc
1207.5832 BaBar, T+CPT
1302.4191 A. Bevean, G.l., M. Zoccali

0
1605.04545 BaBar, CPT Ks.
Test of T invariance using CP filters v
1 0530 _ gopRo 1 T
V= (BYBY - BYBY) = 5 (BB = Bi_Bay) [
At=PycAz

g g X [1 +CE 5 Cos AmAt + S g sin AmAt

2ImA 1— |\
Sy = and C ; =
B T T2 el T T
ACT: AST
A ~ QT cos AmAt + L sin AmA¢t 12
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT

1207.5832 BaBar, T+CPT
1302.4191 A. Bevean, G.l., M. Zoccali
1605.04545 BaBar, CPT

JI,cc

X ‘ 1/]cp:'|'1 ‘
p . KO —
B; I B) L
T >
_ -0 o
B B Vi
a Ty - ’
K2 | Me="1) I
At=pycAz ~— At=pycAz

13
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT Jlyp,cc
1207.5832 BaBar, T+CPT
1302.4191 A. Bevean, G.l., M. Zoccali

0
1605.04545 BaBar, CPT Ks.
Test of T invariance using CP filters v
1 0530 _ gopRo 1 T
V= (BYBY - BYBY) = 5 (BB = Bi_Bay) [
At=PycAz

g g X [1 +CE 5 Cos AmAt + S g sin AmAt

2ImA 1— |\
Sy = and C ; =
B T T2 el T T
ACT: AST
A ~ QT cos AmAt + L sin AmA¢t 14
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Beside CP, can Belle Il look for TICPT non invariance?

1203.0930 Belle, CPT
1207.5832 BaBar, T+CPT ‘ |
1302.4191 A. Bevean, G.l., M. Zoccali o0 K

K Ksip /|

1605.04545 BaBar, CPT S.L \ /
NS NS

Test of T invariance using CP filters for b—u,d,s v

1 0530 _ gopRo 1 T

V= (5132 - 3132) = 5 (BiiBa = Bi_Bay) [

At=PycAz
o — DU = 12)) = T(12) = [1)
T m—

(1) = 12)) +T'(12) — 1)) Channel suppressed by a factor 10,
but considering ~5ab-1 of data one

+ + + t similar precision on b - uds
X |1+ CF ,cos AmAt + 5T . sin Am/At|can expec P
o, [ @, p as obtained by BaBar for b—c

2 Tm\ 1— AP transitions
SE .= RN and CF , = RN (AS * =-1.37+0.14 (stat.)+0.06(syst.),
| + Al | + Al AS,” = 1.1740.18 (stat.)+0.11 (syst.))
ACE AST
A ~ QT cos AmAt + L sin AmA¢t 15



Conclusions

» Important opportunities for new physics searches ahead.

» For invisible Y(1S) decays we need to have precise plan for data taking at the Y(3S), and
this is still missing. Triggers will depend also on when data are taken, ideally the sooner the
better..In general tests of exotics triggers will be performed during data taking from phase
2.

 T/CPT tests could and should be performed during the operation of Belle Il, and a few
channels have been identified to complement and improve existing measurements.

« JENNIFER contribution will have a high impact on these projects:
« 4-5 people (including myself, excluding undergraduates) are expected to work on these
studies starting in mid 2018 to ~2022
* For Y(3S) data taking 1-2 people should be based at KEK.

Thank you for your attention!
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