g? resolution

The |Emiss — Pmiss| < 0.5 GeV selection requirement greatly
improves the resolution:

25000 25000
20000 20000
3 15000 g 15000
10000 10000
5000 5000
0 0

~10 0 10 20 30 10 0 10 20 0
Thco = Ghue (GeV?) Pow — e (GEV?)
Resolution before cut Resolution after cut

Me: the resolution looks so much better now!
Christoph: still looks really bad.
Me: oh. :-(

1/16



Migration matrix

7000

14 14
6000 30
12 12
5000 5
10
4000 20
8
3000 o 15
2000 4 10
1000 2 5
0 0 0
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
e (GeV?) e (GeV?)
Before normalizing Normalized to percentage
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Secondary correction

Use a secondary enriched region to estimate a secondary shape
correction function:

P I B — Xclv o
30000 T Secondary selection
I Fakes
25000 [ Secondaries [+ ] mbC > 5,27 Gev
I Continuum
20000 wd - ///'/// :;acml‘nccrmmty ° |Og(NB) > —4
15000 i.* o |og(contNB) > —4
10000 [ n Q@ pPe > 03
- 1
5000 __- o p,U' > 0.6
0 e ° Qtag X Qlep >0
° ‘Emiss - Pmiss’ <05
v
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Secondary correction

Use a secondary enriched region to estimate a secondary shape
correction function:

mm B — Xh
100000 - ondaris e Fit my in coarse bins to
80000 ////l/// i)l‘ﬁdbncvrlmm,\‘ determine B — X/I/
component

60000

@ Use these normalizations
40000

to subtract the mx
distribution in fine bins

20000

5 p 7 @ Derive a correction
ey } | function from the
25 secondary versus

subtracted shape

Christoph: why are you doing something so complicated?
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Secondary correction

Use a secondary enriched region to estimate a secondary shape
correction function:

35
[ Secondaries -- Fit to 5th order polynomial
10000 | ###% MC Uncertainty 30
}  Data P
25 /
8000 !
2 20 /
< ) y
5 6000 K] *
] 15 /!
4000 ++ £
1.0 | + } { R e e S +
2000 0.5
0 0! 0 1 2 3 4 5
0 1 2 3 4 5 my (GeV) :
my (GeV)

@ Derive a correction function from the ratio between the
secondary shape and subtracted data.
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Corrected my distri

70000 == B — X 70000 == B — Xl
B Background . B X,
60000 wti MC Uncertainty 60000 [N Fakes
b Data . [ Secondaries
50000 50000 . BB Continuum
wth MC Uncertainty
40000 40000 t  Data
.
30000 30000 .
20000 20000 .
10000 10000 . o535
0 0
0 1 2 3 4 5 0 1 2 3 4 5
iy (GeV) my (GeV)
T 25
5
¢ 00
0 v ¥ } } }
5 M -25 1
0 1 2 3 4 5 0 1 2 3 4 5

Before After
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Fit with corrected my distribution

Estimate background component from a three component
template fit to mx

o ' S o Templates constained to
00 : P XcIv BF errors (PDG
50000 . t  Data 2 020)
40000 .
@ All MC correction errors
30000 . .
included as nuisance
20000
parameters
10000
. @ 100% uncertainty
0 1 2 3 4 5 .
» i (GeV) assigned to the Gap
0 o t modes
25 1
0 1 2 3 ‘ 5 @ Continuum constrained to

off-resonance expectation
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Fit results

== B Xl
50000 = Background
wti MC Uncertainty
b Data
40000
30000
20000
10000
0
0 1 2 3 4
iy (GeV)
25 i
t b
-25
0 1 2 3 4

Old

50000

40000

30000

20000

10000

- == B Xy
B Background
Em Continuum
wti MC Uncertainty
t  Data
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Nuisance parameters

Nuisance paramaters for Background Nuisance paramaters for Background

[S)

L]

T PR

Standard Deviations
=]
——
et
——
——
—
-
—
——
—
—
——
—.—
—-—
i
-
1
i
i
i
i
i
i
i
i
Standard Deviations
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Nuisance parameters

Nuisance paramaters for B — Dlv Nuisance paramaters for B — D*lv
4 4
_é_ 2{¢ .é.- B
bbb £ obppbeep et b
@ @
—4 —4
0 1 2 3 4 5 0 1 2 3 4 5
Nuisance paramaters for B — Dilv Nuisance paramaters for B — D)lv
4 4
ottt 2 b
2., 2,
@ &
-4 —4

o
N~
w
'S
o
=}
[§)
w
.
o
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Nuisance parameters

Nuisance paramaters for B — Dyl Nuisance paramaters for B — D;lv

0 +-+-+-+-+»+—f+¢~4—¢-¢-+-+-+++++ 0 '+'+’+'+'""U‘vv-'-o-o-5—¢—‘-+‘+++'+

Standard Deviations
Standard Deviations

~
w
.
=
=)
~
w
-
=

0 1

Nuisance paramaters for Continuum

4
- 2 o
z° R A RAL LA
’74
0 1 2 3 4 5
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Calculating w;

Calculate w(mx) = 1 — Npyg/Nior for each bin (only with MC for

now):
70000 == B XD
B Backgound
60000 = Continuum
s MC Uncertainty
50000 }  Data
10
40000 Lot c.,
30000 08 . .
.
20000 06 .
10000 Todqy .
0 02 .
0 1 2 3 4 5 LN
my (GeV)
. = bead
LIRS S S S S S O SR SN S5 SR N S S S S S
0 1 2 3 4 5
25 my (GeV)
0 1 2 3 i 5
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Calculating w;

Calculate w(mx) = 1 — Npyg/Nior for each bin (only with MC for

now):
70000 == B — XM
B Background
60000 = Continuum
W MC Uncertainty
50000 }  Data
40000 10 e Fit
. .
30000 08 . .
.
20000 061 .
10000 o4 ¢ .
.
) 1 2 3 4 5 02 .
my (GeV) +
25 . 00 by +
oo -+
as 0 1 2 R 4 5
0 1 2 3 i 5 iy (GeV)

@ Here, | fitted 2 polynomials over different ranges
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Calibration

o Determine (G2%.c,) and (G%e) in bins of g3,
@ We see a linear behaviour between (qﬁeco) and (qirue>
@ Fit in bins of Xt and Enmiss — Pmiss

o Three bins in Eiss — pmiss: [-0.5, 0.05, 0.2, 0.5] GeV
o Two bins in Xy [1, 5] and [6, 10]

e Calculate qCaIIb (G%eco — €)/m

¢ —05< Epicc — Puiss < 005 'y < 005
15 005 < E,pics — Priss < 02 15 <02
a« ¢ 02< E — Pmiss <05 . ”A ’ <05
2 10 . . 2 10 ¢ R
: . o B
g H S .
= . ° 4= o o
vV 5 vV 5
L ] ¢ L] °
L] ° .
. Xunuts € [1,5] . Koy € [6,10]
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
< e > (GeV) < P > (GeV?)
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Fit to extract the calibration

Fit linear curves to each of the scatter plots:

4 —05 < Epps — Pouiss < 005 4 —05< Epjs — Pouies < 005
15 005 < Eppice — Paies < 02 15 005 < Eypics — Pruise < 02
- 4 02< Epic— Prise <05 -~ b 02<Epe— P <05
= N
S 4 8

Poco

0 Kmult € [175] 0 7 Kmut € [61 11]
2 4 6 8 10 12 0 2 4 6 8 10 12
< e > (GeV?) < e > (GeV?)
250
$ 055 Eyice — Piss < 005 150] #7059 Emice = Puiss < 005
200 005 < Eppies — Pris < 02 005 < Epies — Pis < 02
« $ 025 Epise— P <05 € 1257 4 025 Episs— s <05
> % A
g 150 2 100
o A [
L 75
o F 100 ok
E 50
50 2
= == Xmult € [11 5] 0 Xmu“ € [6, 11]
o 20 20 &0 30 100 0 20 40 60 80 100
< P 2 (GeV?) < True >% (GeV?)
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Fit to extract the calibration

Fit linear curves to each of the scatter plots:

30001 < Episs — Piss < 005 20001 —05< Epise — Puiss < 005
2500 05 < Episs = Pmiss < 02 005 < Epyjee — Pouiss < 02
- $ 022 Epie— Pruiss <05 . a 15001 & 02 Ep— prye <05
- -
v Y
9 g *
A A 1000 e
V V' 500 . "/,—"
o = == Xt € [1,5] N = — Xonuts € [6,11]
0 200 400 600 800 1000 0 200 400 600 800 1000
< e >* (GeV?) < firue >* (GeV?)
40000 30000
¢ 05 < Epicc — Puriss < 005 ¢ —05<Eyic — Piss < 005
0.05 < Eppiss — Pmiss < 02 . 25000 0.05 < Eppiss — Pomiss < 02
q 300001 § 02 < Episs — Priss <05 a ¢ 02< Episs — Priss <05
4 2 20000
3 8
T 20000 T 15000
w & 10000
V' 10000 v
5000
, " Xonuart € [1,5] N = Kot € [6,11]
0 E
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
< e >* (GeVY) < R > (GeV)
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Old next steps

@ Finish deriving the correction function for the secondaries
(check!)

@ Redo the mx fit with the shape correction factors from the
secondary enriched sample (check!)

@ Determine the event-wise signal probability as a function of
my (check!)

e Study and refine the calibration steps a bit more (check!)

@ Investigate the additional bias correction, Ceaii, (Working on
it!)
@ Bonus Round: Get MC closure (Almost done!)
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Next steps, questions, discussion points

Finish getting MC closure

Investigate the additional bias correction, Ccaiip

°
°

@ Propagate uncertainties through all the analysis steps

@ Decide the width that we will use to present the final results
°

Write my Belle Note (/thesis) when I'm bored (FYI: already
started)
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g’ distribution after selection and corrections

60000 = 60000
== B - Xv Dgap
I Background Dtwostar
50000 wth MC Uncertainty 50000 Dzerostar
}  Data Dprimeone
40000 40000 Done
Dstlnu
Dinu
30000 30000 Background
4 MC Uncertainty
20000 20000 Data
10000 10000
0 Iy,
0 5 10 15 20 25 30 0 5 10 15 20 25 30

2% (GeV?) a% (GeV?)
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How to calculate moments

Moments calculated as a weighted mean:

o > wi(qz)(qgalib,i)n %

(@)

e w;(g?): Event-wise signal probability as a function of g2
® 7, Calibrated g7,
@ Cealib: Additional bias correction
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Continuum correction

Use off-resonance data to derive a correction factor for Continuum

MC

S ‘ " Fited vgus pat ]

8 . .

= @ Apply nominal selection
:;: cuts

& @ Shift data to end point of

the distribution

e Fit Argus function to data
points

o Extrapolate to full mp,
range

Pull
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Continuum correction

Weight the number of MC to the number of expected events from
the fit result:

1600 —— Fitted Argus
——- Extrap. Argus
1400 Reweighted Continuum
/77 MC uncertainty
1200 . L
'// / = +  Shifted off-resonance data
21000 // 7/
g 7
& 800
600
400
200
0+ T T T T T
524 525 5.26 527 528 529

my, (GeV)
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Old background subtraction

Estimate background component from a two component template

fit to mx

70000 , — @ Templates constained to

e Xclv BF errors (PDG

t  Data

50000 2020)

40000 @ All MC correction errors

30000 : . included as nuisance

20000 . param eters

10000 3 T [+) Tracking error

K 1 e’ ‘ 3 @ 100% uncertainty

assigned to the Gap
modes
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Old nuisance parameters

Nuisance paramaters for Background Nuisance paramaters for B — Dlv
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Old nuisance parameters

Nuisance paramaters for B — D)lv Nuisance paramaters for B — Djjlv

(8]

=

0 +-+-f~+';"+"+"+"+"+"+"+"+'+'+'+'$'#H P _¥_¥_F_¥'¥'§'¥+'1‘++

Standard Deviations
Standard Deviations
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Old nuisance parameters

Nuisance paramaters for B — D;lv

R RN AA AR

Standard Deviations
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