Branching Fractions :
B* - D°hT (h = K or m)

Tia Crane
Belle Il 2022 Workshop
August 03, 2022



Branching Fractions

* Branching Fraction: the fraction of the time a particle decays to a certain signature
(final state) [7]

signal yield [y

B = =
(tOtal B mesons) (Bfixed)(gsignal) r

* Glven a = b + c, integration over all possible kinematic configurations of the
final states yields the partial decay width, I},.. The total decay width, I' = 1/, of
particle a is the sum of all the corresponding partial decay widths. [2] [7]

« Decay width: probability of a decay channel occurring within a specified time interval
« Large statistics permit for precision measurements of absolute branching fractions
3]

 Units: mass (energy)



Ratios of Branching Fractions

* The ratio of branching fractions is typically measured instead of the
Individual absolute branching fractions in order to reduce systematic
experimental and theoretical uncertainties. [1]

* Relative branching fractions are measured with respect to a decay
channel which has similar topology. [3]

B(signal)

R =
B(normalization)



Why are These Measurements Important?

 Obtaining the measurements of the ratios of branching fractions is key
to many analysis as it sheds light on the properties of the
corresponding particles.

* The physical behaviors of tricky decay channels (i.e. missing energy)
may be investigated to a high degree of precision.

* This permits for a comparison between decay percentages of channel
with similar properties. The results may In turn lead to new physics!
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Example 1

B* - [D°- K*n~ gt 7

Not arare decayas bh — ¢
IS the dominant transition
(i.e. no jump in
generations compared to
b - u)[4]

Cabibbo favored
- decgy. The c_harge_
conjugate with
and K* is doubly
Cabibbo suppressed

K 4]




Signal Selection

« Selection criteria (cuts) based on

Bf - [DY - K™~ |n® the signal MC sample in order to
Increase sample purity through
Sl background rejection.
Track cuts |dz| < 2.0 [em], dr < 0.5 [cm]

?

pt > 0.1 [GeV/c|, E < 5.5 [GeV],
0eCDC (17° < 0 <150°)

30 cut based off
double gaussian fit to

binary Kpo (slow) PID = 0.6 :
binary mpo (slow) PID = 0.1 Slgnal 0.100
0.075 jm

TRi, (fast) PID = 0.1

DO 1.850 < InvM [GeV/c2] < 1.879 .
B.iy Mbe > 5.268 [GeV /c?] Cut and signal range oo
|IAE| < 0.5 [GeV] based off two- < 0000

R2 <04 . . -0.025
dimensional o
*AE signal range -0.05 < A E [GeV] < 0.05 histogram of Signal oo

-0.1 =
100,60 5265 5270 5275 5280 5285 5290
Mbc



Events

Pull

400

Fit to Signal and Efficiency

Bf - [DY > K*n

B — DO m Signal MC

600

500

300
200

100

® MC Data—Primary Peak

—Model --Secondary Peak
Total B+/-=10000
chi*2/ndf = 0.6525

Signal Yield = 3939.40
(+162.14, -160.13)

Efficiency = 39.39%
(+1.62%, -1.60%)

|
N o N o
LB UL L I TTT

041 -005 0 005 01 015 02

AE [GeV]

__.]<7z::t:

Uncertainties
determined
through
asymmetric
errors of fit and
error propagation

e Signal region set to -50 MeV to
+50 MeV

« Signal PDF defined as two
bifurcated gaussians with the
same mean

» Goodness of fit seen through
x°/ndf
* When fitting the generic MC

data, the signal PDF parameters
of pand o are held fixed.



Events

Pull

3500F

3000

2500

2000

1500

1000

500F

Fit to MC Data and Branching Fraction

B — DO m MC14ri_a

-BF,,, = 4.6800e-03
-(+0.13, -0.13)e-03

® MC Data B—Dm
—Model B—DK
—BB Bkg

-- Continuum Bkg

Total B+/- = 3.24e+08

B 5 [D0 - Kt~ |nt 5 signal yield
~ #B* total * BpoLgr * Esignal
2(Run Events) — 2.27 » 10*
[9] (3.24 %« 108)(3.95 * 1072)(0.39)

-BF, = 3.9460e-02
-(+0.30, -0.30)e-03 g

chiAr2/ndf = 1.6633
Signal Efficiency = 39.39
(+1.62, -1.60)

Signal Yield = 22681.80
(+177.65, -175.92)

BF = 4.5034e-03
(+0.1887, -0.1864)e-03

sigma =0.95

~ 4.50 x 1073

« Signal yield estimation completed
through integration of signal PDF
(two bifurcated gaussians)

B(true) — B(estimated)
o(estimated)




Cabibbo suppressed
compared to B —» Dr*
due to V;,, vertex instead
of V,,4 vertex [4]

Example 2
B* > [D°> K*n~|K*




Signal Selection
B - [D° - K*n~]K*

Selection Cut

Track cuts

KBJ—, (fast)

binary Kpo, (s1ow)
binary mpo . (siow)

D{J

B-‘si.r;

*AE signal range

|dz| < 2.0 [em], dr < 0.5 [cm]

3

pt > 0.1 [GeV/c], E < 5.5 [GeV],

0CDC (17° < 0 <150°)
PID > 0.6

PID > 0.6
PID > 0.1

1.850 < InvM [GeV/c2] < 1.880
Mbe > 5.269 [GeV /c2]
IAE| < 0.5 [GeV]

R2 < 0.4

0.05 < A E [GeV] < 0.05

« Selection criteria (cuts) based on
the signal MC sample in order to
Increase sample purity through
background rejection.

3o cut based off
double gaussian fit to

signal 0.100

0.075 F

Cut and signal range .

0.025

based off two- 8 ool

dimensional histogram = 0025}
of signal ~0.050 .
~0.075 |- -"- -

—0.1%0' - |
260 5.265 5.270 5.275 280 5.285 5.290

Mbc



Events

Pull

400}
300-
200~

100}

Fit to Signal and Efficiency

Bf - [DY > K*n

B — DO K Signal MC

500|-

® MC Data—Primary Peak
—Model --Secondary Peak

Total B+/- = 10000

chi?2/ndf = 0.2445

Signal Yield = 3238.92
(+133.89, -131.43)

+ Efficiency = 32.39%

(+1.343%, -1.31%)

|
N [} N o
LB UL L T T 1

Uncertainties
determined
through
asymmetric
errors of fit and
error
propagation

e Signal region set to -50 MeV to
+50 MeV

« Signal PDF defined as two
bifurcated gaussians with the
same mean

« Goodness of fit seen through
x°/ndf
* When fitting the generic MC

data, the signal PDF parameters
of pand o are held fixed.



Events

Pull

Fit to MC Data and Branching Fraction

B - [D° - K*n~]K*

B — DO KMC14ri_a

250

200

150

100
Ll

0_

50/

 BF, . = 3.6300e-04
-(+0.12, -0.12)e-03 |

_BF,, = 3.9460e-02 {
-(+0.30, -0.30)e-03

B—DK
B—Dn

® MC Data
—Model
—BB Bkg
-- Continuum Bkg

Total B+/- = 3.24e+08
A chi*2/ndf = 0.7910

i Signal Efficiency = 32.39
(+1.34, -1.31)

Signal Yield = 1337.72
(+54.56, -52.31)

BF = 3.2305e-04
- (+0.1876, -0.1821)e-04

b sigma=2.19

0

-2
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1L S 410

0.1

015 02
AE[GeV]

-0.05 0 0.05 0.1

signal yield

B #B* total * BDO—>KTC * (C-:Signal

1.34 « 1073

2(Run Events)

[9]

~ (3.24 * 108)(3.95 * 10-2)(0.32)
~ 3.23x107*

« Signal yield estimation completed
through integration of signal PDF
(two bifurcated gaussians)

B(true) — B(estimated)

o(estimated)

* Note: smaller amplitude
due to Cabibbo suppression



Resulting Ratio of Branching Fractions

* In this example, the kaon mode is generally the signal mode as it is an
excellent probe to the ¢; angle of the unitary triangle for the CKM
matrix. The pion mode has a very similar topology and a very clear
signal, so it is an excellent normalization mode.

_ BB~ » [K™n 7 |poK™) + B(B™ = [K™m " |p0K™)

R= BB~ = |[K*tn~|pomr~) + B(Bt —» |[K*tm~|pomtt)

true = (7.756 + 0.335)%

estimated ~ (7.1 £ 0.5)% « 1.20



Summary

* Ratios of branching fractions are excellent tools for probing physics
phenomena.

« An example of a further analysis that utilize branching ratios is the
Investigation of R(D) in semi-leptonic decays probing lepton
universality, as mentioned by Tom, Leo, and Swagato.
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Cabibbo Matrix

« Cabibo matrix - rotate mass eigenstates to weak interaction states [4]
(d’) _ (Vud Vus) (d) B ( cos 6, SmHC) (d)
s’ Ve Vo) \s/ \—sinB, cosB.)\s
¢ d

. V. c V. Cabibbo angle
: s e (sinf, ~ 0.22)

P s\\ U - \s~ u

w- w- >
Vi Vo
r s

d
V.sVy,q = cos? 0, = 1 V.qVis = sin? 6,
—Cabibbo favored —double Cabibbo
suppression




CKM Matrix

W— S

* Cabibo-Kobayahi-Maskawa (CKM) matrix [6], [4] b»—»<»—¢

bl

0.9739 to 0.9751 0.221 to 0.227

0.221 to 0.227
0.0048 to 0.014

Vib

d' Vud Vus Vub
s’ | = Vcd Vcs Vcb

Vts th

(

S
b

)

0.0029 to 0.0045

0.9730 to 0.9744 0.039 to 0.044

0.037 to 0.043

0.9990 to 0.9992

90% confidence
limits

B~ - DYK~
V.,V = (0.039)(0.221)
~ 8.619 * 1073

W= d

h —m - C
B~ - D%~
~ 3.799 * 1072




Decay Widths

« Measure of the probability of a decay channel occurring in a specified
time interval In the parent (composite) particle rest frame

* When a particle’s mass 1s measured, the total rate shows up as an
Irreducible width [5]

 Obtained through calculating the amplitude then integrating the
amplitude over all space through use of the matrix element in Fermi’s

golden rule [8]:
2 2 . iy
[ = _f:[ ‘le‘ Pr where |M| = fl/JfVl/)l Initial state

Transition probability wavefunction

/ decay width | _ Final state
nteraction wavefunction Potential
matrix element  Density of

final states



Metadata

 Reconstruction Release: light-2201-venus
« MC Generation Release: release-05-00-02

« Campaigns: MC14ri_a (experimental MC data), MC14ri_d
(confirmation MC data)

« Experiment Number: 1003
 MC Event Types: charged, mixed, ccbar, uubar, ddbar, ssbar, taupair

« Total B
« per file: 1.08 * 108 mesons (100 fb~1)
o overall: 3.24 * 108 mesons
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Events

FO0000
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500000
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3000001
200000+
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o0 02
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2
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2
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2000
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Selection Plots: : B = Dmt Final States

B¥ Signal : no cuts

140000+ T e
120000
100000+

80000 |

Events

B0000
40000+

20000}

40000

35000

30000~

25000

10000

5000

R S

0.4 0.6

DO_K_binary_kaonID

"0

a0 0.2 04 X 0.8 )
DO _pi_binary_pionID
3000
2500
2000
2 -
£
2 1500/
&
1000
500+ (o
T90 99 42z 41 46 18 50 52

Events

1000 -

a00

400t

200

T84 186
DO_InvM [GeVic™2]

Mbc [GeVic™2)

H NA Reconstruction [ 1569120 potential candidates
| B* Signal : KJ_
Classification Variable and Cut Relative Efficiency
B |dz| < 2.0 [em], dr < 0.5 [cm]
if’“f@f pt > 0.1 [GeV/c], E < 5.5 [CeV] 1.0
neratics thetalnCDCAcceptance
PID kaonlD_binary_noSVD = 0.6 0.229
| B* Signal : 7
; |dz| < 2.0 [em], dr < 0.5 [cm]
if;‘::i;fi pt > 0.1 [GeV/c], E < 5.5 [CeV] 0.796
- thetalnCDCAcceptance
PID pionlD _binary _noSVD = 0.1 0.766
[ B¥ Signal : :'rii:ﬂ
I Track |dz| < 2.0 [em], dr < 0.5 [cm]
ﬁ?"f ;*"’ pt > 0.1 [GeV/c], E < 5.5 [GeV] 0.782
HHEHAtes thetalnCDCAcceptance
PID pionlD = 0.1 0.748
| B¥ Signal : D
|| kinematics 1.85031 < InvM < 1.87885 | 0.126
| BT Signal : BT
kinematics Mhbe > 5.268 0.358
kinematics abs(deltaE) < 0.5 0.992
B tree fit conf_level=0.0, D" mass constraint 1.0
contimim R2 < 0.4 0.939

suppression

Classification Variable and Cut Candidate Efficiency with respect
to Generated Events
NA Final Candidate (via BCS on ChiProb) 0.4117




FCH=-425%25.7 FROM MINOS
EDM=5.59178e-86
EXT PARAMETER
MO .

T Y B TR M R Y

Fit Parameters: B - Dt D° InvM

MAME
mean
no_sigl
no_sig?
sigmall
sigmalR
sigmaZl
sigma2R

VALUE

9.
.BE339e+03

(ST o L R R i R WY

63965e-24

LS6EE3e+02
.IB232e-83
. 28569%0e-03
. 28395e-02
.81322e-02

STATUS=5UCCESSFUL 245 CALLS
5TRATEGY= 1
PARABOLIC
ERROR MEGATIVE
4,74351e-84 -4.,74322e-84
1.2888%:=+82 -1.22482e+82
1.87342e+82 -1.83147e+82
4,1812%=-84 -4,2187Ee-24
3.706088e-84 -3.7878%e-04
1.63844e-83 -1.47598e-83
1.13814=-83 -1.841%96=-83
ERR DEF= 8.5

1385 TOTAL
ERROR MATRIX ACCURATE
MIMOS ERRORS

POSITIVE

4,
L176842+32
.11532e+32
L14685%2-24
.74576e-24
.832608e-33
.24157=-33

= L e e

74523e-04

Events

Pull

600

500

400

300

200

100

B — DO m Signal MC

® MC Data—Primary Peak
—Model --Secondary Peak

Total B+/-=10000
chi*2/ndf = 0.6525
Signal Yield = 3939.40
(+162.14, -160.13)
Efficiency = 39.39%
+ (+1.62%, -1.60%)

015 0.2
A E [GeV]

01 -005 0 005 0.1



AE

Selection Plots : B - Dt Mbc vs. AE

B-Dn

l|||.1||||.l*||ll*||||

0.100
0.075

0.050 .
0.025 .
0.000 - S S—
0,025 F . &
—0.050 s - o ]

—0.075

AE
0. o
%

- I - ™
[}‘]%[.)25{] 2.260 5270 5.275 5.280 5.285 5.290 q,':-‘:'
Mbc & ]




FCH=-425%25.7 FROM MINOS
EDM=5.59178e-86
EXT PARAMETER
MO .

T Y B TR M R Y

Fit Parameters: B - D Signal AE

MAME
mean
no_sigl
no_sig?
sigmall
sigmalR
sigmaZl
sigma2R

VALUE

9.
.BE339e+03

(ST o L R R i R WY

63965e-24

LS6EE3e+02
.IB232e-83
. 28569%0e-03
. 28395e-02
.81322e-02

STATUS=5UCCESSFUL 245 CALLS
5TRATEGY= 1
PARABOLIC
ERROR MEGATIVE
4,74351e-84 -4.,74322e-84
1.2888%:=+82 -1.22482e+82
1.87342e+82 -1.83147e+82
4,1812%=-84 -4,2187Ee-24
3.706088e-84 -3.7878%e-04
1.63844e-83 -1.47598e-83
1.13814=-83 -1.841%96=-83
ERR DEF= 8.5

1385 TOTAL
ERROR MATRIX ACCURATE
MIMOS ERRORS

POSITIVE

4,
L176842+32
.11532e+32
L14685%2-24
.74576e-24
.832608e-33
.24157=-33

= L e e

74523e-04

Events

Pull

B — DO m Signal MC

600

500

400

300

200

100

® MC Data—Primary Peak
—Model --Secondary Peak

Total B+/-=10000
chi*2/ndf = 0.6525
Signal Yield = 3939.40
(+162.14, -160.13)
Efficiency = 39.39%
(+1.62%, -1.60%)

N
U

|
N
T T

015 0.2
A E [GeV]

01 -005 0 005 0.1



Fit Parameters: B - D AE MC14ri a

B — DO m™MC14ri_a

w -
re L ® MC Data -B—Dn
@ = 4 — N —
CBF,,, = 4.6800e-03 || 0
—(+0 }1'°3 0.13)e-03 | | -- Continuum Bkg
3000 T e
- Total B+/- = 3.24e+ 08
FCN=-365721 FROM MINDS STATUS=SUCCESSFUL 338 CALLS 3377 TOTAL -BF, = 3.9460e-02 chi*2/ndf = 1.6633
2500 . ) %
EDM=6.24482-86  STRATEGY= 1 ERROR MATRIX ACCURATE -(+0.30, -0.30)e-03 Signal Efficiency = 39.39
EXT PARAMETER PARABOLIC MINOS ERRORS - (+1.62, -1.60)
NO.  NAME VALUE ERROR NEGATIVE POSITIVE 20001~ Signal Yield = 22681.80
1 cb -1.225142+81 1.865%0e+88 -1.11517e+03 9,25547e-3a1 - (+177.65, -175.92)
2 frack 7.60110e-82  5.82435e-81  at limit 4.88268e-81 15001
. = BF = 4.5034e-03
3 fracpi 2.13778e-81  7.87214e-83 -7.81961e-83  7.57201e-@3 u St o .
4 meank -5.25191e-82 1.69257e-83 -1.73229e-83  1.68614e-83 10001 (0 SEas Je-
5 no_BBbkg 5.33092e+83  3.58734e+82 -3.49744e+@82  3.8217%92+@2 - STRRETIOE
& no_cbkg 3.46799e+83  2.13181e+82 -2.03076e+@2  2.819452+32 - g :
7 no_sigk 2.61429e+82  9,69255e+81 -5.35@048e+@1  9.34948e+d1 500{—
8 no_sigpi 2.26818e+@4  1.77560e+82 -1.75923e+@2  1.77652e+@2 e
ERR DEF= @.5 0 =
5
0o




Fit Parameters: B - D AE MC14ri d

B — DO m MC14ri_d

P -
€ B ® MCData —B—Dm
% 3500 —lglgd;ll —B—=DK
EEF s = 2:08000:07 s Continguum Bkg
3000 -_(+0.13, -0.13)e-03
- Total B+/- = 3.24e + 08
:BFDO = 3.9460e-02 chi*2/ndf = 1.7695
FCN=-365871 FROM MINDS STATUS=SUCCESSFUL 188 CALLS 2296 TOTAL 2500 ~(+0.30, -0.30)e-03 Signal Efficiency = 39.39
EDM=2.42579e-18  STRATEGY= 1 ERROR MATRIX ACCURATE r (+1.62, 1.60)
EXT PARAMETER PARABOLIC MINOS ERRORS 2000 _ _
ND.  NAME VALUE ERROR NEGATIVE POSITIVE C Signal Yield = 22890.52
1 «cb -1.52084e+01  1.46636e+80 -1.67495¢+28  1.489352+00 B (+188.17, -186.09)
2 frack 6.459642-@1 1.98380e-91 -2.59296e-81  1.33457e-01 1500~ BF =~ 4.5449¢-03
3 fracpi 2.33685e-81  5.38430e-03 -5.43482e-83  5.521792-@3 - (+0.1908, -0.1884)e-03
4 meank -5.34821e-82 1.89766e-83 -1.99421e-83  1.94133e-83 1000~
5 no_BBbkg 4.71064e+03  3.46561e+82 -3.61502e+82  3.54922e+@2 C sigma = 0.72
& no_cbkg 3.674992+03 1.69756e+82 -1.84305e+82  1.66953e+@2 5003_
7 no_sigk 4.84943e+02 1.12323e+82 -1.13744e+82  1.23885e+@2 -
8 no_sigpi 2.28985e+04 1.85293e+82 -1.86094e+82 1.88167e+82
ERR DEF= @.5 0
=
a

AE [GeV]
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DO_InvM [GeVic™2]

Mbc [GeVic™2)
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R2
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( NA Reconstruction [ 1603616 potential candidates |
[ BT Signal : K, |
Classification Variable and Cut Relative Efficiency
‘ |dz| < 2.0 [em], dr < 0.5 [em]
E_""dT_‘fj_df pt > 0.1 [GeV/d], E < 5.5 [GeV] 1.0
thematies thetaInCDCAcceptance
PID kaonID binary noSVD > 0.6 0.3101
I B* Signal : 7
‘ |[dz] < 2.0 [em], dr < 0.5 [em]
E_""(H_‘f_‘ﬂf pt > 0.1 [GeV/c], E < 5.5 [GeV] 0.794
theaties thetaInCDCAcceptance
PID pionID _binary noSVD > 0.1 0.733
| BT Signal : K,
‘ |dz| < 2.0 [em], dr < 0.5 [em]
good fhack pt > 0.1 [GeV/c], E < 5.5 [GeV] 0.790
o thetaInCDCAcceptance
PID kaonID > 0.6 0.253
| BT Signal : DY |
|| kinematics 1.8494 < InvM < 1.87989 | 0.110 |
| BT Signal : BT |
kinematics Mbe > 5.269 0.747
kinematics abs(deltaE) < 0.5 0.998
B tree fit conl_level=0.0, DY mass constraint 1.0
continuum R2 < 0.4 0.052
suppression ’ )
Classification Variable and Cut Candidate Efficiency with respect
to Generated Events
NA Final Candidate (via BCS on ChiProb) 0.3308




Fit Parameters: B - DK D° InvM

B — DKDO InvM

w 600

E -

@ -

o[
500
FCM=-88579.7 FROM MINOS STATUS=SUCCESSFUL 294 CALLS 2221 TOTAL 430_—
EDM=4.8318=-85 STRATEGY= 1 ERROR MATRIX ACCURATE =

EXT PARMMETER PARABDLIC MINOS ERRORS B
NO.  MAME WALLE ERROR NEGATIVE POSITIVE 300
1 @ -5.4692%92-R2  4,8324G6e2-02 -5.98388e-82  4.5844F=-92 B
2 ol -1.748672-21  5.882872-82 -4.02451e-82  5.12145e-92 =
3 mesn 1.864642+80  £.060462-85 -6.053352-085  6.96418=-85 200/
4 no_cbkg 2.347492+@3  1.829922+82 -1.98253e+82  1.80354=2+07 =
5 no_sigl 3.80352e+83  3.641302+82 -4.15874e+082  3.302252+82 i
& no_sig? 1.77581e+83  3.13261e+82 -2.8120%9e+82  3.62754=2+32 =
7 sigmal 3.545042-83  1.753@02-84 -1.0276%e-B4  1.55133=-84 100_—
8 sigmaz B.445252-83  1.854372-83 -0.74861le-04  1.18375=-83 =
ERR DEF= 8.5 ~

7

48787 T8 165 184 165 186 167 1686 180 1.9
DO InvM [GeV/c?]
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Selection Plots : B - DK Mbc vs.AE
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FCN=-33483.6 FROM MIMO5

EXT PARAMETER
MO

= h o B o a2

Fit Parameters: B - DK Signal AE

MAME
mEan
no_sigl
no_sig?
sigmall
siomalR
sigma2l
sigma2R

STATUS=5UCCESSFUL 247 CALLS
EDM=2.63456e-85 STRATEGY= 1
PARABOLIC MIMNOS ERRORS
VALUE ERROR MEGATIVE
8.52712e-84  4.58383e-84 -4.53236%=-04
2.814432+03 1.283562+82 -1.85201e+82
4,24515e+82  5.57857e+81 -7.50571e+01
7.84955=-03 3.69911e-04 -3.75351e-24
7.455482-03 3.53221e-84  -3.57721e-84
2.85633e-82  2.18882e-83 -1.842597e-03
1.5894432-02  1.84125=-83 -1.62337e-83
ERR DEF= 8.5

1433 TOTAL
ERROR MATRIX ACCURATE

POSITIVE

4.
L5851 7e+21
.32815e+31

[ T % T R Sy WY Y I Y

58533=-94

.554182-04
L5867 3e-04
L464162-33
.13481=-33

Events

Pull

500

400

300

200

100

B — DO K Signal MC

® MC Data—Primary Peak
—Model --Secondary Peak

Total B+/- = 10000

chi*2/ndf = 0.2445

Signal Yield = 3238.92
(+133.89, -131.43)

* Efficiency = 32.39%

+ (+1.343%, -1.31%)

Illlllllllllll]llllllllllllll

015 0.2
A E [GeV]

005 0.1

~0.05 0

0.1



Fit Parameters: B - DK AE MC14ri a

FCH=-41662.2 FROM MINOS STATUS=5UCCESSFUL 295 CALLS 4433 TOTAL
EDM=2.45453e-85 STRATEGY= 1 ERROR MATRIX ACCURATE

EXT PARAMETER PARABOLIC MIMOS ERRORS

HO. MAME VALUE ERRCR MEGATIVE POSITIVE

1 ca -2.85352e-81  2.67991e-81 -1.9689%e-81 4.3256%=-81

2 «cl 4.47295e-082  1.49592e-81 -2.35782e-81  1.28931e-91

3 «cb -3.85858e+81  7.998360e+88 -8.4362%e+88  7.31776e+00

4 frack 1.466811e-81 5.91341e-82 -5.84128e-82  5.86638=-32

5 fracpi 4.74355e-81 3.74962e-82 -3.77867e-82  3.725912e-82

6 meanpi 4.73746e-82 3.72655e-84 -3.72634e-84  3.7E713e-04

7 no_BBbkg 6.995660e+082  1.689704e+82 -1.39352e+02 @ 2.28145e+82

8 no_cbkg 1.168382e+03  2.11235=+82 -2.74380e+82  1.79844de+a2

3 no_sigk 1.33772e+83 5.31767e+81 -5.23133e+81  5.4558%e+81

18 no_sigpi 1.359878e+83  4.83383=+81 -4.7933Ve+81  4.8837a=+al

ERR DEF= @.5

Events

Pull

250

200

150

100

B — DO KMC14ri_a

N eMCData —B—DK
n N —Model —B—Dnm

-(+0.12, -0.12)e-03

[ BF, = 3.9460e-02
-(+0.30, -0.30)e-03

-- Continuum Bkg

Total B+/- = 3.24e+08

chi*2/ndf = 0.7910

Signal Efficiency = 32.39
(+1.34, -1.31)

Signal Yield = 1337.72
(+54.56, -52.31)

-‘lllllll

BF = 3.2305e-04
(+0.1876, -0.1821)e-04

sigma=2.19

.....




Fit Parameters: B - DK AE MC14r d

B — DO KMC14ri_d

FCH=-48521.5 FROM MINO5

EXT PARAMETER
HO.

LU= B B = VR L B O T

=
)

MAME
céa
cl
ch
frack
fracpi
meanpl
no_BBbkg
no_cbkg
no_sigk
no_sigpi

STATUS=5UCCESSFUL 239 CALLS
EDM=8.58380e-86 STRATEGY= 1
PARABOLIC MIMNO5 ERRORS

VALUE ERRCR MEGATIVE
-2.9893ge-81  2.555%4e=-81 -1.915653e-01
-1.81873e-81  1.71124e=-81 -2.61847e-81
-3.84136e+21  7.08524=+00 -7.28862e+09
1.45@14e-81 4.75518e-82 -4.789%93e-02
4,26218=-81 4.17913e-82 -4.21738e-82
4,85578e-82 3.88517e-84 -3.00658e-04
7.31857e+22  1.55352e+82 -1.38242e+82
1.1o6@8=+23  1.947@50e+82 -2.41@0%e+@2
1.537458e+23 5.21127e+81 -5.13876e+081
1.23757e+23  4.63635e+81 -4.59887e+@1

ERR DEF= 8.5

3965 TOTAL

ERROR MATRIX ACCURATE

POSITIVE

4.,
.37147e-al
.85812e+08
67 26e-a2

S A b e s s O e

26781e-391

.15293e-a2
LOBElTe-ad
.SEe3Ee+a2
.B857%=+82
.38596e+a1
.67955e+01

Events

Pull

blll

Fou. = 3.6300e-04
(+0.12, -0.12)e-03

250

200-BF oy = 3.9460e-02
-(+0.30, -0.30)e-03

150|—
100}

50

eMCData —B—=DK
—Model —B—-Dm
—BB Bkg

-- Continuum Bkg

Total B+/- = 3.24e+08

chi*2/ndf = 1.2060

Signal Efficiency = 32.39
(+1.34, -1.31)

Signal Yield = 1374.50
(+53.06, -51.39)

BF = 3.3193e-04
[ (+0.1877, -0.1831)e-04

sigma =1.70

z .A'I.li_lf I! ..; | --Ii; i l'" ! ,. bl ﬁ

IR e

005 01 015 02
A E [GeV]



