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Introduction to analysis

* In SM, heavy (B or D) decays to vv is helicity suppressed with an expected branching
fraction of Br(D® — vv) = 1.1 - 1073°, which is beyond the reach of current collider
experiments.

Figurel: Scheme of helicity suppressing Figure2: Feynman diagram for D° - vv

« Therefore, search for D° — invisible final states is sensitive to new physics
 The previous result is BRy;, = 9.4 x 107> on 924 fb~! data samples at 90% CL at belle
[Phys. Rev. D 95, 011102(R)]
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MC simulation samples

« 20M signal MC samples were used
 Signal Event used for simulation :

*+

+ —_ _

Dt - DY gt

sig

0 —
Dgig = vv

sig

e MC15ri generic MC(1ab™1) is used as generic background MC sample
* Will move on run dependent MC soon

« 20M Control sample (D° - K~ nt)
« DY > K*K~,K*tn~, K n*n® MC is also used as background for control sample study
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Analysis Method : Charm Tagger

Tag side ( Diy — DY,

tag (_) K_n+n+)n0 )

Xfrag K+
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Figure3: schematics of signal event with tag side decay D;
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1.

2.

1.

Recoil part 1 (D**)

Description of Charm tagging Procedure

Reconstruction D44, D¢y

Reconstruct Dy, using the pre-chosen
decay channels
Reconstruct D,

|

Calculate MmiSS(Dt(Z?ngrag) which is

regarded as mass of D;,
Apply kinematic mass constrained Fit on

Mpiss (Dt(:l)gxfrag) to mp«+

BCS of D;{g by using chiProb from step 2

Recoil part 2 (D?)

5.

Using slow pion, calculate
Mmiss(DéagXrrag™s ) Which is regarded as

mass of signal side DY

0

BCS of D° by using angle between Dgig4

and tag side hadron in cm frame



Tablel. Tag reconstruction channels

DY decay Br(%) || DT decay | Br(%) A7 decay Br(%) D7 decay Br(%)
K—n™ 3.9 K-atnt 9.4 pK~m™ 5.0 KTK-wt 5.5
K7’ 139 || K-ntatx’ | 6.1 pK 7t r° 3.4 KK+ 1.5
K-ntntm= 8.1 K2m™ 1.5 pK? 1.1 KoKm 5.4
Kntata— 0| 4.2 K2rtn® 6.9 Aozt 1.1 KYK-nx° 5.6
Kntm™ 2.9 K{rtnta— | 3.1 AP0 3.6 KoK mra™t 1.5
Krtn— 70 5.4 KTtK—nt 1.0 AN toto— 2.6 Ktnm nt K} 1.0
K—nta0nY 8.9 K-Ktntaz% | 0.7 pta~wt 0.5 v 1.0
O 0.1 o atrt 0.3 pTK- KT 0.1 K 0.1
m Tt 0.8 mrtata? 1.2 || pP K ntx%% | 0.1 ' KY 0.5
- tr? 1.5 KTKJK? 0.3 || ptoata—at | 0.2 K-K*tntn—n*t | 0.7
n- 070 1.0 a0 0.1 ptKon’ 2.0
K-K* 0.4 pTKor T 1.6
K-K+xa° 0.3 ata—nt 4.5
K-K*K? 0.4 L B SIS 1.2
0K 1.2 o) et 1.2
sum 53.1 sum 30.5 sum 28.2 sum 22.8
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D¢, 4 reconstruction channels

and fragmentations for each tag particle

D** decay | Br(%) || D*Y decay | Br(%) || D™ decay | Br(%)
D%t | 677 D70 | 619 D 93.5
D+ 70 30.7 DY 38.1
sum 98.4 sum 100.0 sum 93.5
Table3: D¢, 4, channel
D** or DT D*Y or DY AT D " or DY
nothing( K K™) T (KTK™) TP K%
T (KTK™) T (KTK™) nt ' TV K
ntan (KTK™) atata (KYK™) || ntn ntp Tt K~
ntr (K TK™) ntr VK2
Tt K~
ntaVK
ntan atK~

Table4: X¢,.,, channel (total 24 channels)
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fastBDT training for Charm Tagging

 Input Variables of fastBDT
(reduce # of input variables according to high correlation and low importance)
* For D44 training
M, xp, dr(flight length), dz, chiProb, cosToThrustOfEvent,
cosAngleBetweenMomentumAndVertexVectorInXYPlane,
PID of daughters, cosHelicityAngle(2 body or 3 body decays),
angle between 2 daughters of 7°(= yy), K2(» n*n™),A°(> ptn™), 2% (- p*r?),

|Ed1_Ed2
Eq,+Eq,

| of 70(= yy), KS (= n¥m ™), A°(= p*r), 24 (- p*r®) ete...

* For D¢g training
AM(= Mp;, . — Mp,,,), momentum of n¥y,n°,
angle between D,,, and n¥y,n° etc...

« Hyper Parameters of BDT was optimized by applying grid search for each tag training
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Preselection of Charm Tagger

* Fortracks :dr<1.0, |dz| < 3.0 and INCDCAcceptance

- ¥ : 15 candidates with Highest pionID after pionID > 0.01

« K% :10 candidates with Highest kaonID after kaonID > 0.1

« pt: 10 candidates with highest protonID after protonID > 0.1

 y . beamBackgroundSuppression > 0.5 & fakePhotonSuppression > 0.1
(E>0.1foryinDi* - Dfy,D* - D%)

- for fragmentations, PID selection of #*, K*, p*ison 0.1, 0.9, 0.9
and additionally require p > 0.1 GeV

« K, A% :
- mass and dr and y? and angle between Momentum and Vertex Vector selection on A°
- goodBelleKshort for K2 (similar selection to A°)

« X%t :reconstructed from =t - p*rn® and mass cut (1.08 < M < 1.28)
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Flow of Charm Tagger
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Difference

Difference

One example about training :
Al > pTKm?
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Reconstructed D° from charm tagger on generic MC

Events / ( 0.000166667 )
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Variables for extracting signal side D

' * T 0
* Recoil mass (Mmiss(Dtangragns ) or Mrecoil(D ))
* ete” = DiggXpragmd D°
+ pr(e*) +pr(e”) = (p“(Diag) + P*(Xrrag) + PH(m)) = pH(DY,
¢ Mrecoil(DO) = \/pN(DO) * pM(DO)

* Inclusive DY : recoiled D° (no requirement on signal side)
=> 1D fit on signal side recoil Mo

* Ercp - sum of energies from roe of tag side remained in electromagnetic
calorimeter(ECL) cluster

« Exclusive D° : recoiled D° (requirement on signal side)
=> 2D fit on signal side (Mo, EgcL)

2025-02-27 B2GM, Charm parallel session
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Fitting strategy

* Inclusive D fitting
1D fitting : Mo
« Signal pdf: 2 gaussians + 1 bifurcated gaussian
- Shape fixed on inclusive D fit result of D° - vv signal MC
« Background pdf : argus + linear

 Exclusive D fitting
« 2D fitting : (M po, Egcy)
« Signal pdf:
« For Mo, signal pdf from exclusive D fitting
* For Eg., histogram pdf from signal MC study

« Background pdf:
» Flat: Argus + linear & histogram PDF from MC study
» Peak: 3 gaussians & histogram PDF from MC study

2025-02-27 B2GM, Charm parallel session

14



Exclusive D requirement (

* Exclusive : D° with selection on signal side
fit on the 1.855 GeV < M0 < 1.870 GeV & Ex¢, < 2.1 GeV

« Selection for exclusive D° on
- no remaining tracks, 7% K, K3, A°

» Selection for exclusive DY on
- 2 remaining tracks and 1 reconstructed D°(K~n*)
-no % KP, K2, A°
- |AE| < 0.1 GeV (AE = E(recoil D°) - Ex,,)



Events / { 0.000166667 )
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Events / { 0.000166667 )

Signal efficiency on control sample

inclusvie recoil D° Mass Mass (GeV) EecL (GeV)
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* Signal eff : = 0.30363 + 0.00397



BR measurement on generic MC(uds/mixed/charged)

« Br(D’ - K rnt) =

Mass (GeV) EecL (GeV)
5 2°Fnbkg = 197 4/- 32 S eooli nbkg = 197 +/- 32
8 goo[ Nsig = 8783 +/- 96 '} 2 i nsig = 8783 +/- 96
8 _F 23 g T
s 700 % 5 2000
% 600:— ; B
Lﬁ 5003_ 2 1500r
400 § i -
c 1000}
300 ) * B
= S B
200— L ] B
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Mass(GeV) Ego (GeV)
Nexcluswe 8783496

Ninclustveye, o ~ (738977+1260)+(0.30363+0.00397) _ 0.039144 £ 0.00067

Far from decfile BR value(0.0395) ~ 0.5¢

« The # of true signal event identified by TopoAna :

8791+ 94 = Br(D° - K~nt) = 0.039180 + 0.00067
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2D fit on generic MC for D° = invisibles
(no signals)

Mass (GeV) EecL (GeV)
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Upper limit estimation of D® — invisibles

(738977%0.78165)

nsig
o 24
E 22F
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« Wayl) Upper Limit estimation by g g
integration of likelihood function 2 16
NyL 00 E 14;_
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g 10
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BRy, = ——28 ___ —241x 1075 3
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number of signal events
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Upper limit estimation of D® — invisibles

HypoTest Scan Result

©

= + Observed CLs

©

3_ ------- +- Observed CLs+b
—4— Observed CLb

---- Expected CLs - Median

- ExpectedClLs 1o

I:I Expected CLs +2 ¢

« Way2) Upper limit estimation
by CLs method

Ny, = 16.4465

16.4465

= 2.85x%x 107>
(738977%0.78165)

BRUL ==

Nsig
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2D fit on generic MC for D° = invisibles
(with signal embedding #(D° —invisibles) = 50)
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ToyMC test of 2D fit about exclusive D° — invisible

A RooPlot of "number of signal events Pull”

& - pullMean = 0.020 + 0.010
@ B 1 pullSigma = 1.0094 =+ 0.0071
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Linearity test of 2D fit about exclusive D® - invisible

Linearity Test

Data points
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Fit: y = (0.710 +/- 0.183) + {1.000 +/- 0.004) * x
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nts / ( 0.000166667 )

Eve

Check fit result with pull distribution for inclusive D

Inclusvie recoil D® Mass Inclusvie recoil D° Mass inclusvie recoil D° Mass
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Left : generic MC, middle : signal MC, right : control sample
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Events / ( 0.217152)
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A RooPlot of "number of signal events Pull"
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Next plan

« Study systematic uncertainty

« Naively thinking, the 1st priority of systematics is systematic uncertainty from charm tagger
= s0, | would like to ask whether it is okay to see data for getting systematics

DY > K—nt 3.948 %
D - K—uty® 14.4 %
DY - Kdntm~ 2.80 %

D s K atnnt 822 %
Total BF 29.368 %

Table: Decay channels to get systematic uncertainty about charm tagger

« Rough procedure:

+ Measure BF of each decays on Data(run-dependent) and MC

+ Check the Data/MC difference on measured BF of each decays
+ May study semi-leptonic mode such as K | nu in future

- Systematics from fit strategy, model and gamma selection and tracking efficiency and K2, K and A°
selection efficiency in exclusive veto conditions
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Backup : check on correlation between previous BDT variables
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Backup : detalls of fit procedure

* Fit inclusive DO on signal MC
 Fixed the signal PDF

* Er-; histogram PDF
 Signal PDF from signal MC

« Background PDF is from E.; histogram on background events
* Flat background PDF is from Eg¢;, on 1.855 < M0 < 1.860 ---(1)

« Peak background PDF :
histogram PDF from Eg-;, on 1.860 < Mo < 1.870 - - - (2)
=> peak background PDF : (2)*(1 + a) — (1)*a



Backup : variable a

The value of a can be roughly
estimated

a is floating number with small
range around the estimated value

A=T =0 & numler o1 flas Crompohicht
ewvent (n éf(ng\gv (*eQF(OV\

2/
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Events / { 0.000168667 |

Events / ( 0.05)

Backup : signal embedded fit result
(15,30,69,75,150)
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Pull

Backup: checking linearity test result about exclusive D fit

Wlth Z(= Nfitted_Nexpected)

o

Pull vs Generated Nsig
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Pull

Backup: checking linearity test result about inclusive D fit
Wlth Z(= Nfitted_Nexpected)

o

Pull vs Generated Nsig
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