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Motivation

« The X(3872) is understood to be mostly a D°D*® molecule with some c¢

Component Belle, PRL97, 162002 (2006)
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Past results

Belle: Br(B* - K*X) < 2.6 x 10~% (PRD 97, 012005 (2018))
BABAR: Br(B*t - K*X) = (2.1 + 0.6 + 0.3) x 10~ (PRL 124, 152001

(2020)):
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We aim to improve those results using Belle + Belle Il (+362 fb~1)
combined dataset and new software: FEI for the tag-side reconstruction (by Belle 2)
and DeepSets classifier for continuum suppression (by Ori, Emilie, ...)
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Inclusive measurement of Br(B* - K*X(3872))

* Only the tag B and kaon are reconstructed — partial reconstruction

 ldentify signal in the missing mass spectrum (M Recoll), calculated from 4-
momentum conservation (e*e~ collider = no extra particles):

£ *k £ 2
Myecoir = J(pe+e‘ — Ptag — pK)
* Needed for absolute BR measurements.

« Experiments measure Br(BT - K*X) x Br(X - ] /ymm) very well.
With a measurement of Br(B* - K*X) we can get Br(X — J/ymm)
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Background suppression

TMVA response for classifier: MLP

T 'signal " [T RS2EN EaAAS EEE
7] Background .
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» After standard gq suppression, BABAR used
TMVA to combine variables that target kaons
from charm decays

(1/N) dN/ dx

v

* We figured we might do better with modern
ML tools (DeepSets) that use the low-level
Inputs (in CMS):

— ROE photons and tracks: p3 (and charge)

— Tag B: Thrust vector, p
( g [pl~Myc) Hidden layers: 100, 50

— Kaon: KID, charge, p ]

+ (avoiding |p|~M,e.) »

« Event classification: Outputs: 150 ggm ==
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Classifier output shapes

 Different for Belle and Belle 11, although the sig-bg separation (ROC
curves) are the same

« Easy to pick the classifier cut for Belle (more on that later)

x10° x10°
C 15
- —g— Data —g— Data —5— Data
Belle svd1 [ Good Btag Belle svd2 [ Good Btag G Bellell [ Good Btag
Il Bad Btag Il Bad Btag B Bad Btag
bbbar BKG bbbar BKG 40 — bbbar BKG
qgbar BKG = 10 qgbar BKG fm qgbar BKG
I = =
= =
= =
% ‘g ‘g A
@ @
- : Fo Belle I
%{: ! L R s elle
(X &
° 1 1
- . -0 . —
- | 2%F '
E 1 T E 1
£ 1 Z g 0FE 1
E [ F01E 1
E 1 Z 02k L |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1 01 0.2 0.3 0.4 0.5 0.6 0.7 08 0.8 1
classifier output classifier output classifier output
B 1 10° 1
[ —&— Data 1 —&— Data 1 105 —&— Data
Belle svd1 [ Good Btag ! " Belle svd2 [ Good Btag ! Belle Il [ Good Btag
= B Bad Btag 1 10 I Bad Btag 1 o B Bad Btag
bbbar BKG ! bbbar BKG ! 10t ¢ bbbar BKG
% qgbar BKG ! = = qgbar BKG
o ! O, 3 o
1? 1 o 10 1 S
P TR . £ | g7
G i 2 ! 2
‘ L 5102 ! 5
1
% % % ' @ | 102
1 1
1 1
| 10 | 1 D
1 1
1 1 I
L L
£ t il T t i !
E 1 2 0.2 g | oz
E 1 z 0.1 E | z 0.1
3 1 £ 0‘: - 1 g0
E ; 270 E H | z ot
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1 01 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1

classifier output classifier output classifier output



000000000000000000000000s9085000000/000000000000000TIGLIPP0000000000000000000000000000000000000000000000000000000ssdNIsessssessseed

Full Event Interpretation

Utilizes O(200) decay channels with classifiers trained for each
Reconstructs O(10000) unigue decays chains

Current efficiency ~0.7%, but this number is being impoved

Its data-MC efficiency varies based on the B, reconstruction mode,
subsequently it requires calibration, which, in turn, is signal mode dependent
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Signal composition

The signal is composed from many possible charmonium resonances

Peaking backgrounds under each signal peak arise from cuts on B, Mp
and AE - we call them Bad Tags (opposite to the truth matched Good Tags)

Analytic fit has too many parameters and gives out high stat error

Use MC histograms as template p.d.f.s for the fit — but the FEI gives out
Imperfect MC shape — need to do calibration

Need information on the Good Tag to Bad Tag ratio
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Attempt to use FEI CFs Before FEI calibration
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Good Tag fraction correction

FEI makes an assumption that it is possible to predict data signal yields using MC
information with applied calibration after separating the signal by the B, decay

modes — one needs to follow all the cuts for it to be true.

We make a weaker assumption that by using the same separation we can predict
Good Tag - to - Bad Tag ratio in the signal.

To calculate GTFC we use BY —» D™O07+(the “pion sample™) process, which
follows the similar b — c tree level transition and has less backgrounds, so we can
fit it using template p.d.f.sin 1.4 < M,p00i < 2.3

To validate GTFC we use sideband in M,.,.,;;0f the Kaon sample (4.2 < M, .01
< 4.7)

Signal fit structure

/ Ps,t — Gs,t Ps(jf — (1 — stt)Pi?t
Signal resonance / l \ \

/v, X(3872) ..)

Tag mode Good tag fraction
(D7, Drerr..)  (from pion sample)  MC histogram for good tags

MC histogram for bad tags



Bt — DMO0g+

* The recoil mass to pion represents charmed meson mass spectrum

Instead of charmonium mass spectrum

* We use the following MC histograms as a templates (matched with

TopoAna package) for the fit, separated into Good Tag and Bad Tag:

o DO+t

o D(*)Op+

o D™+ composed from
D,(2420), D;°(2460),
D3°(2300), DY (2430)

» Wrong signal B - D&+
« Combinatorial backgrounds
o gqand bb
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Bt — DMOx+

« The# of D*%~ events is parameterized with the branching-fraction ratio:

N(B~ -» D*%xz™)

— ND*O’}T_/DO?T_ _ BD*OTT_/DOTT_ ) €ED*On— t
N(B~ > Dor~) P
_ . Br(B~ - D*rn™) BaBar (2006): 1.14 + 0.07 + 0.04
Physics result (blinded) Br(B- = Do) arXiv-hep-ex/0609033

« DY%~,D*%p~ yields are constrained to the D%z~ yield using PDG BRs and
uncertainties @ MC stat err

« D*n~,D**mr~ are similarly constrained, but with a larger (50%) uncertainty to
account for unknown FEI Bt — B° wrong signal (their yield is very small)

«  D*O7~ is similarly constrained, with a 50% uncertainty, to allow for
Incompleteness/inaccuracy of the modes and BRs in MC


https://arxiv.org/abs/hep-ex/0609033

Handling of the good-tag fractions

« We use a single data/MC correction factor (per tag mode)

I

To be used
_ data/MC :
For D°77: (G po,.— = GDO’?T th / ~ inkaon
sample fit

s/DOx—
For D*°z~,D%~, D*p~, D**'n~: Gs,t — GDO‘?T_,t Gt/ "

Y
The good-tag ratio relative to D°m~: constrained to MC,

allowed to float to within 5%

Note:

o We fit simultaneously the 12 tag modes, and extract
branching-fraction ratios (rather than absolute BRS)

o We fine-tune the classifier cut for the best Br ratio
uncertainty on Monte Carlo sim fit ——

lassifier



0_.—
The values that Gf/ P77 is constrained to

Good-tag fractions relative to Dz~ in MC

Mode RG D*r  |RG D**71 |RG Dp RG D*p

DOt 0.99 4 0.050/0.97 + 0.048|0.96 + 0.048(0.95 + 0.047
DOt g0 0.97 £ 0.048(0.93 & 0.046|0.90 & 0.045|0.87 &+ 0.044
DO%*tr—xt  |1.00 + 0.050/0.90 + 0.045|1.01 + 0.051{1.02 + 0.051
DO7tr—nt70 10.97 + 0.049(0.94 + 0.047|0.89 + 0.044|0.86 + 0.043
D*Ort 0.95 4 0.047/0.92 + 0.046(0.90 + 0.045|0.84 4 0.042
D*07t 70 0.90 + 0.045|0.86 + 0.043|0.83 + 0.042(0.75 + 0.038
DOrtr—zt  0.94 4+ 0.047(0.90 & 0.045/0.90 + 0.045(0.85 + 0.042
D0t =7t 70/0.95 + 0.047/0.94 + 0.047|0.87 + 0.043[0.82 + 0.041
D—ntat 1.01 &+ 0.051]0.96 + 0.048|1.00 + 0.050(0.97 + 0.048
D~rrata®  0.95 + 0.048(0.90 & 0.045/0.96 + 0.048(0.94 + 0.047
Atrta—7%  10.96 + 0.048/0.81 + 0.041|0.96 + 0.048(0.90 + 0.045
rest 0.95 + 0.048(0.89 + 0.045|0.90 + 0.045|0.87 + 0.043




Projection of Dpi_GT_pdf (/ GeV/ic’2)

Projection of Dpi_BT_pdf (/ GeV/cr2)

The Mrec shapes have small tag-mode

BELLE

dependence (which we account for)

Dpi_GT

0.12|— D=+

— D°n*n®
D'rtnmt

— D't
D+
D ’rtn®
Dntnmt

0.1

0.08

0.06| — Drtnt

— Dntnnn®

— Dr*n*n® |
0
0.04 Amen | .1
rest T
F ol L
- o !
0.02— 7
- _:;JF i
I e i
L e
J__Id.l—l 1 b= IJ—J—P‘E’ﬁ:ﬁrI‘ 1 I 1111 I 1 I:;::E'I:-LII':L-"'.I-Iﬂ-I I—irt- =1
Q.4 1.5 1.6 1.7 1.8 1.9 2 21 2.2 2.3
extra_mRecoil (GeV/c"2)
Dpi_BT

0.06[ — D%+
— Dn*®
0 .
Dttt
0 -
— D'n*nntnd
D°n*
-0
D “n*n®
o .
D m*nm*
USSR, |
— D m*nntn
— Dn*n*
— Dr*n*n®
Al
rest

0.05

0.04

0.03

0.02

0.01—

) =
;.'?r.;fﬂﬂ
I 11 1 1 I 11 1 1 I 111 1 I 111 1 I 11 1 |—r|7| l--L.7

1.7 1.8 1.9 2 21 2.2 2.3
extra_mRecoil (GeV/c"2)

Dstpi_GT

;t:f — D+

L — N0+ 0 .

> o012 D n'm |

1] Drntmm* "1

= — D'n*mnnl ]'-'

'gl_ 01 D OTE"' i "h

'al D.Zn"nf’ i}

5 0.08 D- Tt g g

2 — Dm*rmen® 4 A

e ! i L

S a8l — Dn*nt \

_g | — Dn*n*n® i

3 Amten® ] 1

a 004 rest J: 1

0.02 i ."E
C “n
L = s
qJ,IJJ 1 =1 | IJ |7[7|—l«| l—l—.—-l»-l:*_:l;"-..q-l L1 I L1 .?EI:+I‘PI'F

4

Projection of Dstpi_BT_pdf (/ GeV/c"2)

|
15 1.6

1.7 1.8 1.9 2 21 2.2 23
extra_mRecoil (GeV/c"2)

Dstpi_BT

0.07| — D+
— D°n*n®
Dt
[EE— D.ugt+ﬂ-ﬂ+ﬂo
0.05 3.0“: .
T
D rtnmt
— Dnr*wntn®
— Drn*nt
0.03| — D'n"‘fc"’nu
A*mremd
rest

0.06

0.04

0.02

I

0.01

I T LY o1 e || I I I R

iz 8
DT T

-
WETTTT

1.5 1.6

1.7 1.8 1.9 2 21 2.2 2.3
extra_mRecoil (GeV/c"2)



Events / ( 0.01 GeV/c*2)

Events / ( 0.01 GeV/c"2)
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tag Sideband fits
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Belle data sideband DOpi+pi0
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« This is just to show what a fit to everything looks like (it ignores tag-mode

All tag modes together

differences so we don’t use the results of this fit)

Belle data signal all
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(the ratio itself is blinded) to be 1.6%, which is consistent with the uncertainty from
the MC simultaneous fit we did for the classifier cut optimisation. For reference,

Babar had 7% statistical uncertainty.



A fit to 1 stream of Belle MC is good

(all tag modes together)

Parameter Initial Value| Final Value |Relative Diff
NDn 38062 37767 £+ 631 -0.468
Npg 31782 36065 + 2523 1.698
RGDn 1.000 1.032 £+ 0.039 0.810
RGp 0.909 0.921 + 0.090 0.129
RGD**m 0.919 0.916 + 0.081 -0.039
RGD*rm 0.959 0.963 £+ 0.041 0.084
RGD*p 0.876 0.850 + 0.123 -0.216
RNBDr 0.051 0.052 4+ 0.023 0.049
RNB°D*r 0.062 0.065 + 0.027 0.101
RNDp 0.339 0.348 £+ 0.019 0.460
RND**r 0.124 0.063 £+ 0.054 -1.130
RND*rm 1.074 1.060 + 0.023 -0.609
RND*p 0.156 0.114 £+ 0.024 -1.783




GTFC validation using kaon

sideband (4.2 < M,,.pi; < 4.7)

The high mass region in the kaon sample has large amount of
events, so we use this sideband to fit the B;,, Mg distribution
The fit function again uses MC templates, but now no separation
on signal modes, only by the MC sample and Good Tag / Bad Tag
for the charged sample

Charged BT yield to Mixed yield ratio is constrained to MC with
50% uncertainty

The X(3872) is plotted using signal MC only for reference
M

recoil
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DOpi+ A
DOpi+pi0 4
DOpi+pi-pi+ 1
DOpi+pi-pi+pi0 4
DstOpi+
DstOpi+pi0 |
DstOpi+pi-pi+
stOpi+pi-pi+pi0
D-pi+pi+
D-pi+pi+pi0 4
Lppi+pi-pi0

rest +

GTFC validation results

Kaon sideband

Error Bar Plot for Categories

Pion signal

—a—+o— [ XK sideband
W Dn
H——
i * & .
—= | @ 1
= } *—
H——H
e
f & 1
—t & 1
# =
o—t * {
e
0:2 0.|4 0.|6 O.IS l.IO l.|2 l.|4 l.|6

Good tag fraction correction

modes \G;"F(Z’k G TFC,T/ No
DOpi+ 1.013 £+ 0.064|0.917 £+ 0.068| 1.024
DOpi+pi0 0.687 + 0.076|0.671 £+ 0.079| 0.14
DOpi-+pi-pi+ 129 + 021 [1.40+0.11 | -0.46
DOpi+pi-pi+pi0 |0.93 + 0.15 |0.681 & 0.095| 1.39
DstOpi+ 0.859 £ 0.079/0.62 = 0.20 1.14
Dst0pi+pi0 0.41 £ 0.10 [0.41 £0.12 [0.0028
DstOpi+pi-pi+ [0.93 £ 0.14 [0.823 = 0.089| 0.62
DstOpi+pi-pi+pi0 0.84 £+ 0.31 0.88 + 0.14 -0.12
D-pi+pi+ 0.85+ 021 (057 +0.14 | 1.094
D-pi+pi+pi0 0.67 £ 0.27 |0.40 = 0.19 0.84
Lppi+pi-pi0 1174+ 039 [0.73 + 0.18 | 1.041
rest 1.14 £ 0.13 [0.959 + 0.075| 1.18

The GTFC are mostly within 1 sigma agreement, but to account for the
differences, for the Kaon signal fit we will use the combined uncertainty for

the GTFC constraint.




To do list

Perform the pion-sample fit for Belle 11, obtain final good-tag-fraction
corrections and Br ratio for D*°~/D°%m~

Complete the B — XK fit using the same methodology, and constraining
the GTFCs to the pion sample results

Systematic uncertainties that aren’t nuisance parameters:

— MC statistics
— Classifier-efficiency dependence on kaon/pion momentum and X decay mode



Backup slides



True Positive Rate

ROC curves of MVA clasisfier

[ Background rejection versus Signal efficiency |
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We have early studies showing that the
classifier output doesn’t depend on
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redone.
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Probably due to more efficient qqg suppression of FEI for Belle
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Recoll mass spectra (Low mass region)

Btag_Mbc>5.27
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oil mass spectra (High mass region)
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Cuts

Mpc(Btag) > 5.27 GeV

—0.15 < AE < 0.1 GeV

Kaon has high momentum and correct PID
FEI SigProb > 0.01 as a recommended FEI cut
FEI skim cuts on ROE also recommended

classifier cut > 0.78 — used instead FEI recommended continuum
suppression

good tracks and photons for the DeepSets classifier



Cuts

Items Event selections

do < 0.5cm
pi+:FEI _cleaned 20| < 2cm

pr > 0.1 GeV

0.296706 < 6 < 2.61799
gamma:FEI_cleaned

E > 0.1GeV

FEI skims pre-cuts

pi+:FEI _cleaned
gamma:FEI_cleaned
Ncleaned tracks = 3

Ncleaned ECL clusters > 3
E,is in the CMS frame > 4 GeV

2GeV < Ecleaned tracks and clustersinECL < 7GeV
JZ: what’s the meaning?

FEI hadronic skim Tag cuts

My > 5.24 GeV
AE| < 0.2GeV
sigProb > 0.001 (omitted for

+ —
B, = D mnT)




goodTrack cut

# in CDC acceptance
nCDCHits>20

dr < 0.5

|dz| < 2

prompt kaon candidates

picked from stdK “all” list
goodTrack
kaonID>0.7

Biag candidates

picked from B+:fei list
sigProb > 0.01

ROE tracks

picked from stdPi “all” list
goodTrack

ROE photons

E > 0.06 GeV

abs(clusterTiming) < 20
clusterNHits>1.5
clusterE1E9>0.5

0.2967 < Oclyster < 2.6180
EFCL 4 > 0.200 GeV

forward

EECL < 0.100 GeV

barrel

EECL 5 0.180 GeV

backward




Fitting Mrec

At least 3 sigma in

Component Known BR (107%)  BABAR analysis
B~ = K- 11.0 + 0.7 /
B~ - JW K~ 10.20 £ 0.19 v
B~ = xa K~ 1.51 + 0.14

B~ - xa K~ 4.72 £0.22

B~ — h K~ 0.37 +£0.13

B~ = xe2 K~ 0.11 £ 0.04

B~ — n(28)K~ 4.4+1.0

B~ - ¢(28)K~ 6.24 + 0.12 v
B~ — ¢(37T70)K - 43+1.1

B~ — X(3872)K~ 2.3+ 0.6 v

Combinatorial BB background

99




Fitting Mrec

« The more we studied this, we realized that getting a clear signal while
controlling systematic uncertainties isn’t trivial. We checked many options...

« Analytic functions - too many parameters, large statistical uncertainty
* MC histograms - FEI simulation is known to be wrong

« Finally, we decided to simultaneously fit the 12 tag modes,
where for each resonance we use the PDF

Ps,t — Gs,t PSC; — (1 — Gs,t)P‘i

S

Signal resonance \

(J/y,X(3872)..) _
MC histogram for bad tags
Good tag fraction

from pion sample
Tag mode ( P Ple) MC histogram for good tags
(Dmt, Drirr ...)

(fit simultaneously 12 modes)



Pion sample fit

e Reconstruct tag B + pion instead of a kaon
 Fit the following components:

1. B~ — D~
2. B-— — D1~
B~ — D%~
B~ — D*p~

ook W

B~ — D*%1~, where D**" refers to the two narrow states D?(2420), D3(2460), and
the two broad states D}°(2300), D?(2430).

BY — Dtx~
B — D*tp—

Combinatorial BB background

qq

© o N o

 From MC studies, we realized external constraints are needed in this fit



The yield constraints relative to D%m~

Today showing only Belle results

Mode RN Dp RN D*p RN D~n" |RN D* n" |RN D**nr

DOt 0.24 £+ 0.017(0.10 £ 0.018]0.02 &+ 0.010|0.00 £ 0.001|0.13 £ 0.066
DOrt 0 0.26 = 0.017/0.11 4+ 0.019{0.04 £+ 0.018]0.00 £ 0.002{0.13 £ 0.064
DOrta—n™t 0.23 + 0.016/0.09 = 0.017/0.05 = 0.026|0.01 + 0.003|0.12 = 0.062
Dt =770 10.25 & 0.017/0.10 & 0.018|0.08 & 0.041|0.01 & 0.005|0.12 4 0.059
D*On+t 0.25 + 0.019/0.10 = 0.019/0.03 = 0.016|0.00 = 0.002|0.13 £ 0.064
D*Oxt 70 0.27 =+ 0.019|0.11 = 0.020/0.03 + 0.016|0.00 £+ 0.002|0.13 £ 0.064
D*Onta=gxt  10.25 £ 0.017]0.10 & 0.019/0.06 £ 0.030{0.01 4 0.003|0.12 % 0.062
DOt =7 +t7010.25 £ 0.019/0.10 & 0.019|0.06 & 0.032|0.01 & 0.004|0.12 % 0.059
D wtgt 0.24 £ 0.025/0.09 &= 0.019]0.09 = 0.044|0.02 £ 0.008|0.13 £ 0.067
D—rtatgd 0.24 £ 0.023(0.10 £ 0.021]0.12 £+ 0.059|0.02 £ 0.009(0.13 £ 0.063
Atata—gl 0.26 = 0.033/0.09 = 0.022/0.05 = 0.024|0.01 £ 0.005|0.13 £ 0.066
rest 0.25 + 0.017|0.10 = 0.018/0.05 <+ 0.023|0.01 £ 0.003|0.12 £ 0.059

Based on this, it might make sense to use a tag-mode-independent constraint



The good-tag fraction data/MC correction

|

Mode MC Yield IMC GT fraction|Fit Yield |[Data-MC GT correction
DOxt 2839 + 18(0.57 £+ 0.004 2013 £ 72 (0.92 &+ 0.077
DOt 0 7116 + 29|0.31 + 0.001 5211 + 143]0.75 + 0.097

DOntr—nt 3242 4+ 20/0.61 £ 0.004 1640 + 94 [1.31 £ 0.166
Dortr=ntx¥ |5236 + 25(0.32 £+ 0.002 2759 + 110/0.70 &+ 0.111
D*Ort 2322 + 17(0.34 + 0.002  |2390 + 77 |0.62 + 0.106
DOt 70 3873 + 22(0.24 + 0.001  |2630 &+ 96 |0.36 + 0.135
DOrtr—xt 3790 + 21]0.41 + 0.002 1906 + 83 |0.81 + 0.105
DOt~ nt70(1962 + 15/0.38 £ 0.003 (903 + 65 |0.78 + 0.177
D—ntnt 612 £ 8 [0.70 + 0.010  [366 + 38 |0.46 + 0.151
D ntatz®  |763+£9 |0.50 +£0.006 |343 +40 |0.37 + 0.227
Atata=20  [306 £ 6 |0.61 + 0.012 161 + 18 |0.59 + 0.186
rest 5994 + 27(0.35 + 0.002  |4008 + 120|1.02 + 0.098

Use these values in the kaon-sample fit J




To do list

Perform the pion-sample fit simultaneously for all tag modes and for Belle
+ Belle |1, obtain final good-tag-fraction corrections and Br ratio for
D*~ /D%~

— We expect the uncertainty on BR ratio to be competitive with the PDG average
We are validating the good-tag-fraction procedure with fully reconstructed

B~ ->J/WK~
— The events are very clean, so GTF ~ 0. We plan to increase it by using
sidebands.

— We might also use Mrec regions outside of resonances in the kaon sample
Optimize the classifier-output cut and conduct the kaon-sample fit

— The PDF has the same structure as that for the pion-sample fit, but specific
coding is still needed.

Systematic uncertainties that aren’t nuisance parameters:
— MC statistics
— Classifier-efficiency dependence on kaon/pion momentum and X decay mode
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