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Outline

* [Introduction to SuperKEKB, Belle Il, and our data taking
* Aselection of recent results

 Status and plans



SuperKEKB collider

|

Belle Il detector

collision point

... | Electron-Positron
L | linear accelerator

« Design luminosity: 6 x 103> cm™2s™1 k/\., . ’éb

30 times that of its predecessor KEKB

» Key: realizing “nanobeam” beamspot size:
6 x 0.06 X 150 um3

xxxxx

« Also an excellent vertexing constraint



Belle |l detector

Muon & K; system
1.5 T solenoid

Electromagnetic
calorimeter (ECL)
(CsI(TI) crystals)

Tmin = 1.4 CM
\ertex detector:
PXD: 2 layers pixels

SVD: 4 layers strips Cherenkov detectors for

charged hadron ID
Drift chamber



Belle 1l Collaboration

e 1208 members
e 124 institutions
e 28 countries
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Rich physics program

Bottomonium and charmonium physics

Exotic hadrons, QCD, cross sections

Charm physics

Tau physics

B physics

CKM unitarity-triangle phases (CP violation) and sides ((semi)leptonic decays)
Direct searches for BSM particles in various scenarios

After proposed upgrades:
— Higher energies=> Y(55),Y(6S) physics
— Beam polarization-> electroweak physics: sin? 8y, left-right asymmetries



Run history

Mostly at /s = 10.58 GeV, Y(4S) - BB

Recently broke luminosity record (again):
5.1 x 103* cm™?s1

Luminosities of other colliders:
« KEKB: 2.1 X 103* cm™2%s71
e PEP-1I: 1.2 X 103* cm 2571
« LHC: 21x103cm2%s7!
So far collected 575 fb~?!

Total integrated Weekly luminosity [fb~!]
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Main issue: “sudden beam loss” (SBL) events, hamper luminosity increases and
damage detector and accelerator components

« Two SBLs damaged 2% of PXD gates - PXD turned off as a precaution

More on this at the end of the talk



Results shown today

Branching fraction of B* — v, (2502.04885)

Search for B® - K*0¢t7~

Branching fraction and CP asymmetry in B® - 70 °

CKM unitarity triangle phase ¢, with B - p*p~

Search for production of a dark Higgs with inelastic dark matter

Evidence for P+, (4459)" pentaquark in Y decays (2502.09951)



https://arxiv.org/abs/2502.04885
https://arxiv.org/abs/2502.09951

Results shown today

Branching fraction of B* — v, (2502.04885)

Search for B® - K*0¢t7~

Branching fraction and CP asymmetry in B® —» 7% ir¥

CKM unitarity triangle phase ¢, with B - p*p~

Search for production of a dark Higgs with inelastic dark matter

Evidence for P+, (4459)" pentaquark in Y decays (2502.09951)

L» Belle data;

« 58fb~1: 102 x 10° Y(1S)
« 245fb71:158 x 10° Y(25)

> Belle Il Run 1 data:
« 365fb~1: 386 x 10° Y(4S) —» BB
« 43 fb~1 below the Y(4S) to study continuum background


https://arxiv.org/abs/2502.04885
https://arxiv.org/abs/2502.09951

Bt - 1ty

BT - 17y,

« This is the leptonic B decay with the largest branching fraction
* Inthe SM:

- -2
G2 mpm? m?2
+ + o FlHtBITty T 2 2
T mB / \
. . < 1% <1%
Uncertainty: [FLAG 2411.04268] [PDG]

« (Can be used to extract V,,; independently of semileptonic decays
« Probe BSM scenarios,
— e.g., Type-11 2ZHDM:

H+
e 2-3 neutrinos in the final state = must reconstruct both B mesons:
Bsig = tv; and By, — hadronic final state  (semileptonic also possible)

2
M
B(B* = t™v.)upm—n = B(BY = t¥v,) gy X (1 — MB+ tan ,8)



Bt - 1ty

Biag Selection

* Fully reconstruct By, In thousands

of hadronic decay modes using
“Full Event Interpretation” (FEI) [1]

* Further cuts on \ | | |
b= i 1 LI

x 2
MbC = \/S/4 _ thag
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Bt - 1ty

Bsig selection
 Signal BT - t%v, decay reconstructed withan et, u*, n*, or p* - ntr?
« \eto events with additional tracks

* Assign all non-By,e ECL clusters (passing photon quality cuts [2]),
to the “rest of the event” (ROE).

 Calculate the final discriminating variables
— EEST2: total energy of ROE clusters in the calorimeter (ECL)

s 2. ..
— M2 = (Pee — Prag — Pr — prog) . Missing mass squared

[1] The physics of the B factories, EPJC 74, 3026 (2014). 1
[2] EPJ Web of Conf. 295, 09035 (2024).



Bt - 1ty

Signal extraction

. : sotrib it 2 extra PDFs for the
Fit 2D distribution of Mp,;ss VS. Egcr leptonic and hadronic modes

1 1 T—TV )

Belle Il Simulation Tt >t

* Float B(B* = t*v,) and the Toevy

Belle II Simulation T+ se* V.0,

b k d - I d - th 4 d 25 [cdt =365 fb! 0.30 25 [cdt =365 fb!
9 y )
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Bt - 1ty

Fit 1D projections
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Bt - 1ty

SM SM

BT - 17y,

summary

[Vublexe [Vubline 94 + 31 signal events
L L L B |

i, Belle II (365 fb~1, hadronic)

_.,, Belle (711 fb~!, hadronic)

]
i
1
i 1.24 +0.41 +0.19
1
:
1

4 o« BaBar (417.6 fb~!, semileptonic)
1.7+0.8 0.2 PRD 81(2010)051101

__« BaBar (426 fb~!, hadronic)
1.831033 £0.24  PRD 88(2013)3,031102

0.721337 +0.11  PRL 110(2013)13,131801

I Belle (711 fb~!, semileptonic)
1.25 £0.28 =£0.27 PRD 92(2015)5,051102

World average BR goes from
(1.09 + 0.24) x 10~*
to

(1.12+0.21) x 107*

Leads to:
+0.38
w=|4 X 1073
7 <419_0.41> 10

+9%

Relative uncertainty: o

2 4 6 8

0
B(B* = 7tv,) (x1074)
09+0.1 1.05 x 0.08

(Vup exclusive) | (V, inclusive)

Compare [HFLAV]:
Vigcl
u
= (4.06 £ 0.12 £ 0.11) x 1073
Ve};(cl
u
= (3.76 + 0.06 + 0.19) x 10~3

14
Daolatin/a 1infrartaintioe: 104 . E0/4



BO - K*O0¢+¢—

Search for B® - K*9tt¢~ |
Suppressed FCNC process sensitive to NP — " ﬁ<z-

* Involving 3 generation fermions, where we see: b hpous s
L o
— 3.1c tension in B » DMy [1]

— 2.70 tensionin Bt -» K*tvv [2] ' i ' .
« SM prediction: l |
B(B° - K*9t*77) = (0.98 + 0.10) x 1077 [3] WV S
- Potential enhancements up to ~ 10~* predicted given ; ron ;
B - DYy [3]:
7 7

(] RD(*)&RJ/LP 20
1 1 RD(*)&RJ/Lp 10
B Br[Bs—>11]

| M Br[B>K"11]
B Br[B-Kr1]

L Br[Bs—>¢rt1]

Br x 10%

[1] HFLAV: 2411.18639
[2] Belle 11: PRD 109, 112006 (2024)
[3] PRL 120, 181802 (2018) 15

1.1 1.2 1.3 1.4 1.5
Rx/R$M



BO - K*O¢*¢—

Event selection

* Due to multiple neutrinos: use FEI for B, reconstruction
* Inthe Bg;g!

— Each 7 reconstructed from e, u, 7, p (excluding the p™p~ combination)
— K*9 reconstructed from K~
« Require that there are no additional tracks

« Assign all ECL clusters passing photon quality requirement to the ROE

16



BO - K*O¢*¢—

« Constructa BDT combining
— Event-shape variables
— K™ and 7 candidate kinematics
u
~ DPmiss

extra
- EECL

2
- q2 = (pr"' + p‘r—)z = (pee — Ptag — pK*)

— m(K*t* candidate)

* Fit distribution of BDT > 0.5 for

signal + qq + BB background ——

* Fit central value:
B(B® - K*0¢*¢7)
= (—0.154+ 0.86 + 0.52) x 1073

*  90% CL Upper limit (CLs method):

B(B® - K*9t*717) < 1.8x 1073

*  Previous limit: Belle w. 711 fb~1 [1]:
B(B® - K*9t*t17) <« 3.1x 1073

[1] PRD 108, L011102

Signal extraction

Signal shown with Br = 1072

BellelI preliminary

]
v
(=]

[~
[=4
o

Events / bin
Events / bin
s z

BelleIl preliminary + Data

mm B'—KYrtro ]
Jear=365 1 ——

wf category . g 1
27 Uncertainty
—— Signal B=10"?

T |

Belle Il preliminary
mm B K7t

400 | » category

b4 05 06 07 08 09 1.0
n(BDT)
| BelleII preliminary + Data 1
mm B Kt
| feai-zes BB
=r category . g
27z Uncertainty |

227z Uncertainty
—— Signal B=10"*

Events / bin
Events / bin

—— Signal B=10"*




Probability for B — CP-eigenstate:

CKM phase ¢, (a)

/

C: CPviolation (CPV) in decay

S: CPV in mixing-decay interference

I

P(q,At) < 1 + S sin AmAt — C cos AmAt

final states 7,

S =sin2¢,

1 tep — tia \
+1 By = BO g

L Biag = B° M(By) — M(BL)
Ey s, Amg@am  pem 3
In tree-level b — uuid amplitudes to o i " S
TP, PP, a4, _ 1 e E
—E = 0,
But b — d loop amplitude change thisto  »f . | ) E
\/1 — CZ Sln(2¢2 _I_ A¢2) e 2_°|2 T ofz I _ ‘ i:l — o.ls - ofa 1.

p

[EEN
o




B-om

0

T

0

Isospin relations are used to disentangle

the loop contribution & obtain Ag,

Isospin relations in B — nOnO

* Requires measuring branching
fractions and CP asymmetries for t*n~, n¥n?, n0r?
« Experimentally, 7%7° is the most difficult: only photons

Candidates per 32 MeV

Pulls

w
o«

Belle Il preliminary & 40~ Belle Il preliminary
>
30 f Ldt=3651" e f L dt =365 fb”
25 < 30p
20 g2
o 2
o}
15 =
I
10} ©
c 1
st 8
13 8 3f
:3: : : & 2F .
20302 01 0 01 02 03 04 05 52 502 524 526 528 5.3
AE [GeV] M,, [GeV/c?]

Shown here forq = +1

Candidates per 0.8

Pulls

- n n w w &
(4] o o o o o
T T

O o R B R 1

Belle Il preliminary
f Ldt=3651b"

.
--------

C,

We fit data to AE, My, C; (continuum suppression), w; (B,g flavor mistag-rate)

B(n°7%) = (1.25 + 0.23) x 107°,

Acp(m®n®) = 0.03 £ 0.30

Input for future measurements of ¢, with B -» t*m~

‘C_’- 35 Belle Il preliminary
5 -1
) - -
2 30 det-SGSfb
D 25| —~Data
=
_-g 20k —1ou| fit result
o —B° — 2%0 (B%,)
8 151 ...pB background
10| Continuum
5|
17 ] S—
S BT
o ;2‘ ........................................................................
-15 10 -5 0 5 10
Wl



B - pp”

0 + -
—
B prp
« Isospin relations: only small loop contamination in B® — p*p~: advantage for ¢,

« Obtain signal BR & longitudinal-polarization fraction from 6D fit to
AE, m(n*r?), cos 6 ,+ , continuum-suppression variable

—=Long. signal ---- Self-crossfeed qq T t Data
===- Trans. signal Peaking backgrounds BB —— Total
= 00 [ BElE T preliminary c;& 150 [ Belle II preliminary - N§ 150 [ Belle II preliminary = -
© :/lldf=365fb’1 1 & ?/z:dht=365f|o*l 1 & L[ dt = 365 fh! :
i ’ b @) i ] ) i _
3 150 H AE 4 < 100 f m(rtm?) 1 = 100 |- * f m(m~n°)
o - ] A | , 3
> 100 i—* 1 2 i } c i
a F N @ 50 12 50 i
o 50 F 4 g B RS = A1 t it
[E [ _ =77 TSN ] g - -~ S~ i g - -~ S~ ]
0 [Fionkees sereresien st ) m 0 ?&W ud] 0 g&wmmmm.:
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ESpT = T o] ESpe e 2 Rttty
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B-p

+

p-

Determination of S, C, ¢,

* Reconstruct the flavor and decay position of the By, from ROE tracks
Fit the At distribution, accounting for detector resolution & flavor mistag

== Long. signal ---- Self-crossfeed BB R T { Data
===+ Trans. signal === Peaking backgrounds qq —— Total
. - . . B 100 - . . -
60 __Belle II preliminary Bl,(g= +1) 1 60 __Belle II preliminary B, g= —1) ; :Belle II preliminary 4 B°tag 1
i :fﬁdt=365ﬂ)‘1 0875 <r<1.0] } :f[:dt=365fb‘1 0875<r<10 80 -_/[Idt=365fb‘1 4 D'tag ]
=7 L =8 - . =¥ Z
S 60 [ =) © 60
240} E £
8] [<¥) <5}
> > >
m - 8 e
20 |
0 E e
. 3F 4 8
= - —_— — = =]
2k — = m 3§ £ g
-3 = = >
P IR B B [ | [ | | <
-6 -4 =2 0 2 4 6 -6 -4 =2 0 2 4 6
At [ps] At [ps] At [ps]
Tag B° Tag B° Asymmetry

21



B-p

+

p-

Results

B(B®! 5-3) = (288253328%7) 107",
fL= 0021 $ 2 ST
S= -0.26+ 0.19+ 0.08,
C = -0.02+ 0.127 502,

« Add results from BABAR, Belle, LHCDb to perform B — pp isospin analysis:

e Obtain new world average
‘( )__(926+45)° I __(24+3Bﬂ°
2\PP) =\ 240 _p ) P2 =24 5.

\ / N\ 7/

« Improving the previous world average

+4.8\° +4.2\°
$2(pp) = <91-5 _5_2> : Ap, = <2'4—3.8>

22



Dark Higgs iDM

Dark Higgs with inelastic dark matter

X1, X2 dark fermions with
small mass difference Am
- x- 1s long lived
- x1 € relic DM

m(A4") > m(y,) > m(xy)

@ Parameters [1]:

x:u, 7, K « m(4’), m(h"), m(x,), Am
e ¢06
A’ dark photon, * gp =+4map
Kinetic mixing e | = dark U(1) coupling

ith SM
W v h': dark Higgs,

mixing 6 with SM Higgs,
may be long lived [1] PRD 64, 043502 (2001)

23



Dark Higgs iDM

Signal extraction

c~8of T T
h = xtx~ | #events Y Belle Il [£dt=365 fb~?
> 7 of Preliminary
channel 8 "“I Reco Channel: h(-»n*n)y2(—»ete™)
M+M_ O gi 6.0 . e+e—_)yy
o B ete -BB
+ — —
K™K 1 ;5'0 B ete -qq
+or- c m ete —seteete |
T 8 c 4.0
\ (]>) = e+e—_,-r+-l-—(y)
3.0 vy, MC stat. unc.
) ; ® Data
 Extract signal by counting 2.0
events in m(x*x™) Lol
windows of width 20, +,-) 7 V 7))
1 0.0 . . 1.5 2.0 25 3.0
N E O'm(x+x—) StepS th(H+IT_) (GEV/CZ)

« Look for excess over background model:
— utu” & KTK~: flat
— ntr~: different below and above 1 GeV
24



Dark Higgs iDM

of cross section & branching fractions

—~ 103 : : . . .

a

= Belle Il [cdt =365 fb? = c7(h’)=1.0cm

T ,|, Preliminary = cT(h’)=100.0cm

S | |
Y == CT(h') =1000.0cm
N LL_L

T 1 ]
= 10
§ L—l [

o 100 i
Q /
» "
§ 10!

o}

S m(x1) = 2.5GeV/c?
1072 m(A)=3m(x1) 1
QO Am =0.4m(x;)
X ct(x2)=0.1cm
un =3 i i g 2 .

o 10755 1.0 15 2.0 25
m(h’) (GeV/c?)

Showing also relevant limits from searches
in other models involving a A’ or b’

ReSU ItS (examples shown)

Model-independent upper limits on product

Model-dependent limits on model parameters

1.0t

D
k=
n 10-1 .
1072 B LHCb
1073
Al L
104 ‘ 4
] 1BoONE ‘\ ) | CMS
| E949 NAG2 /( hn -
10~5¢ 949 "l CHARM ” £=1.gg< 18_13_
i BaBar m(x1) = 2.5 GeV/c?
[ _ m(A’) =3 m(x1)
10-6} Belle Il [£dt =365 fb~! Preliminary  An = 0.4 mi(y,) 4
10°1 100
- . :
= Y Toette n fcde=365 m(h’) (GeV/c“)
< 107
£ |
R e
X
£ 107
= :
NB 10710
w
I \
> 107 CHARM to=0.1]
-12 ’E(AQE zm(Xl)
10712 Nucal m(hg—g%d%ﬁgég
10—13 = =Z. 25

m(x1) (GeV/c?)



Y(1S,25) = PozX

Evidence for P,z pentaquark
in Y(1S, 2S) decays

« QCD allows for multiquark states in addition to mesons and baryons

« Many such exotic states with ¢, b quarks discovered in last ~20 years

« LHCDb has reported on two J /YA resonances (valence quark content udscc):
e P.:(4459)° inE, - K J/y A with 3.10 evidence [1]

— M =44588+29+ 17 MeV

- I'=173+65+ 20 MeV

e P.:(4338)°,in B~ - pJ/y A with 150 observsation [2]
— M =43382+0.7 + 0.4 MeV
~ I'=0.7+124+13MeV
« Close to the production thresholds of Z{D*0 & £} D™, respectively

« Theoretical suggestions include loosely bound molecules,
tightly bound pentaquarks, or due to rescattering effects

[1] Sci. Bull. 66, 1278 (2021).

[2] PRL 131, 031901 (2023). 20



Y(1S,25) = PozX

Data and analysis strategy

» \We search for the P.s, states in data collected with Belle:

« 5.8fb~1 containing 102 x 10° Y(15) events

« 24.5fb~1! containing 158 x 10° Y(2S) events

« 89 fb~! of off-resonance data to study continuum background (yet good physics)
 Look for inclusive production of P, states in Y(1S,2S) — P.z X.

* Reconstructonly P.s; — J/Y¥ A candidates, with J /i) —» €€, A - prc~

27



Y(1S,25) = PozX

Data and analysis strategy

» \We search for the P.s, states in data collected with Belle:

« 5.8fb~1 containing 102 x 10° Y(15) events

« 24.5fb~1! containing 158 x 10° Y(2S) events

« 89 fb~! of off-resonance data to study continuum production
 Look for inclusive production of P, states in Y(1S,2S) — P.z X.

* Reconstructonly P.s; — J/Y¥ A candidates, with J /i) —» €€, A - prc~

Belle: 102M Y (15) preliminary Belle: 158M T (25) preliminary
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Signal extraction 1

e Use signal MC sample of Y - P.z. A qg to determine the mass resolutions o
« Create a ~ 30 X 30 signal region and equal side and corner sidebands

Belle: 102M Y (15) preliminary Belle: 158M 'K(25) preliminary
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Signal extraction 2

 Data contain 3 types of background:

J /Y is good, Aisgood, both are combinatorial

* Assume the backgrounds are distributed linearly in the small M,, X M, region,
so the total background yield inthe SR is Ngp = % Ng —;1} Nc

Belle: 102M Y(15) preliminary BA%MXQS) preliminary
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Results 1:
J /WA continuum cross section

 Subtracting the background, we find
Nija=84+11, Nj,=140%17, Ny, =134+21
 Obtain the continuum cross section @ 10.52 GeV:. l
ff
Nipa

cont N =
o (eTe” > J/YA+X) = oo B(J/Y — €+¢7) B(A - pr~) (1 + Sisr)

=(090+14+6) fb 0.82

First measurement
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Results 2:
Br(Y - J/YA + X)

*  Njpa Njija include a continuum contribution

e Subtract it using Nﬁ/ff\ and accounting for L,  ratios and /s dependence

e Obtain:
Br(Y(1S) » J/YyA+ X) = (369 +53+2.4) x10°°

Br(Y(2S) = J/YyA+X) = (32.0 + 55+ 3.0) x 107°
« The 2S result contains 1S contributions via Y(2S) — Y(1S) it /n. Subtracting:
Brgirect(Y(2S) = J/YA+X) = (22.0 £ 5.7+ 3.1) x 107¢
First measurements
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* Plot invariant mass
Mjppn = Mg+ p=pr-

1.13

o (GeV/c?)

1.1

Belle: 102M Y(15) preliminary

+(M;pyp — Mprp-) + (M — Mpr-)

N\

Improves resolution by factor of ~5

Signal region «—
Sidebands «
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= 111 -

3

3.1
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Pz signal extraction 1
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Pz signal extraction 2

 Fit the combined 1S + 2S samples to the sum of 3 components:

— P.z signal (Breit-Wigner & resolution Gaussian)
— J/WAnon-P.z (histogram from MC)
— Non- J/y and/or non-A fitto exp(cM; yn) /M) pa — Mo)
15 | \
L~ Data Preliminary 7>
i _]T)(,ttal fit </ J /WA threshold
- ----Signal fit BELLE
RS | .- Sideband fit .
; | ----no-P_ simulation 10ZMY(15)
> 10 sidebc:md 158M T (25)
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Results 3: P~ signal

3 types of fits:
1. Constraining P.;;(4459) mass & width to LHCb (& uncertainties):
Nygsg = 2115
— Fitting without signal, A(—21log L) = 13.01
— From 4.3 x 10° pseudo experiments = p = 3.8 x 10~* - 3.4¢ significance

2. Without constraining P,z,(4459) mass & width
Mysso = 4471.7 + 48 + 0.6 MeV  1.80 from LHCD
[p4s0 =219+ 13.14+2.7MeV  0.30 from LHCD
3.80 significance

3. Separate 1S and 2S fits to both resonances (subtracting 1S contribution from 2S):

Mode B(x10~°)
Y(1S) — Pees(4459)° + anything 3.5+ 2.0+ 0.2
T (25) — Pees(4459)° + anything 2.9 £1.74+ 0.4
T(1S) = Pe.zs(4338)° + anything <18 900 CL
Y(25) — Pess(4338)° + anything < 1.6 -




Belle Il status and future

Sudden beam losses (SBLs): luminosity limit, hardware damage

In low-energy ring and at least half the times in high-energy ring,
SBLs understood to be due to radiation-damaged vacuum-seal grease > dust

To fix: opening flanges, removing grease, closing, vacuum scrubbing
October 2025: continue Run 2 until 2028 - long shutdown for upgrades
Luminosity projections:
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B

sig = D®Wm and Bg;g

MC corrections 1

Biag efficiency x branching fraction is corrected using data with
— £ X data [arXiv:2008.06096]
— Tag-mode-dependent data/MC scale factors between 0.6 and 1.1

Differences b/w continuum MC and off-resonance data corrected by reweighting with a
boosted decision tree (BDT) of event-shape variables:

LT L T T
Belle II preliminary =3 v«
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EEX@ distribution in control samples is different
in data and MC

EEX™@ agreement for a fixed number of photons

- MC

[ )
Tpata + Ohse
|
w o
T
o |
(]

=]
z T

Events/Bin
w ' wm
(=]
=]

MC corrections 2

Traced to different numbers of ROE photons
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BO - K*O¢*¢—

MC corrections

Efficiency correction with signal embedding:
— Select a clean sample of B® — J/yK*0 events in data
— Remove the J /K *° and add (embed) a signal MC decay
— Reconstruct the event, including By,
— Determine the signal efficiency
— > multiplicative correction of 1/(0.81 £ 0.09) for signal and correct-tag bgd.

Use same-flavor sample to correct the ECL-cluster multiplicity in the ROE
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Results

Decay mode Ns B(10™%)
Main fit: Simultaneous 94 + 31 1.24 £ 0.41
s ey 13+ 16 0.51 £0.63
1 mode at a time: ,u+ vy Vr 40 = 20 1.67 £ 0.83
Tt U, 3l = 13 2258 + 093
0 6 4 25 0.42 4+ 1.82
Source Syst.
Simulation statistics 13.3%
Fit variables PDF corrections 5.5%
Decays branching fractions in MC 4.1%
Tag B~ reconstruction efficiency 2.2%
Continuum reweighting 1.9%
7 reconstruction efficiency 0.9%
Continuum normalization 0.7%
Particle identification 0.6%
Number of produced 7°(4S5) 1.5%
Fraction of BT B~ pairs 2.1%
Tracking efficiency 0.2%
Total 15.5%
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Incorporated as nuisance parameters in the fit

Systematic uncertainties

Source Impact on B x 1072
B — D**¢/Tv branching fractions 0.29
Simulated sample size 0.27
qq normalization 0.18
ROE cluster multiplicity 0.17
m and K 1D 0.14
B decay branching fraction 0.11
Combinatorial BB normalization 0.09
Signal and peaking B°B® normalization 0.07
Lepton 1D 0.04
7¥ efficiency 0.03
Joo 0.01
Ny s) 0.01
D — K, decays 0.01
Signal form factors 0.01
Luminosity < 0.01
Total systematics 0.52
Statistics 0.86
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B-p

+

p-

¢, (a) from B — p™p~

Isospin relations in B = pp show it to have a small loop pollution - favorable
It’sa P — VV process, so the decay probability depends on p* decay angles 6.

0

@ T
ey
B — pi
/
TE

according to
1
P(6,,0_) « f; cos? @, cos®H_ + 7 (1 - f,)sin? 8, sin® H_

where f; is the longitudinal-helicity-amplitude fraction:
|Hol?

= R IHL T + T
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Dark Higgs iDM

Event selection

« Vertex-fitthe h’ - x*x~ and A” — e*e™ candidates

« h' - xTx~ vertex points to interaction point to within 3.1°
* Reject h' & A’ candidates consistent with K, A, ¢ decays

» Reject back-to-back track pairs (cosmic rays)

« No additional tracks

o EEfT <1GeV

e Missing energy > 0.4 GeV

« Missing momentum -> sensitive detector region
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Systematics

Source T(1S) Y(2S) eTe~ annihilation
* On J/YA cross sections PID 1.4 1.4 1.4
and branching fcations: Tracking 14 14 1.4
A selection 4.0 3.6 3.4
J /1 mass window 2.1 1.0 2.0
A mass window 1.6 3.2 2.7
Modeling in simulation 1.8 1.7 1.8
Decay mode in simulation 2.3 3.5 1.9
Branching fractions 1.4 6.3 1.4
Ny (is,25) 2.0 2.6 —
Luminosity - — 1.4
MC sample statistics 0.5 0.5 0.5
1+d01sR — — 1.0
Sum in quadrature 6.4 9.5 6.2

e Systematics on P,z;(4459)° mass (0.6 MeV) and width (2.7 MeV) obtained by:
— Moving the sideband positions
— Replacing exponential function in sideband PDF by Chebyshev polynomial
— Changing bin width in the fit
— Changing mass resolution

— Changing simulation of non-P.z; J/WwA background
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