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Tag mode

»Tag mode: »Signal mode:
>D° > K~m*t >D0 - Kdntm™
»>D% - K~ ntn® >D° - Kdntn n°
>D° > K ntmtm™ >D0 - KJnf
>Dt > K mtm™ >Dt > Kdnt

>Dt - Kdntn”
>Dt - Kdntntn~



Fvent Selection

Based on DTagAlg Package in BOSS 710

> Good charged tracks: > Missing K9 Candidates :
O <1 <1 <0. 5 5
|V,| < 10cm, |ny| < 10cm, |cosf| < 0.93 O Py, = Egeam _ Mzz)i Psigp = —Pp;

> Good Photons: O P,,: track in signal mode except K2 (such as t*r?)
O Barrel : E, > 0.025GeV, |cosf| < 0.8 oM, =
l

O Endcap : E, > 0.05GeV, 0.84 < |cosf| < 0.92
O Timecut: 0= T< 14 (in unit of 50 ns);

2 2
O |dang|> 10°; . .
E eam — E T - Psi - PT
» PID (Particle ID Package): ( ’ z ‘ k) ( 9P Z t k>

E gicglrzw -:deri/ki;([) > prob(K): O AM = Miniss — Mo
O Kaon: prob(K) > prob(n); O Minimum AM is used to select best candidate

> n¥ Candidates :
O % : 0.115<M(yy)<0.150 GeV/c?, X2,.<200:

> Tag D Reconstruction: > Selection of K :
—_ + .
OAE = B — E M =JE2 _p2 O Reconstructed by m*m™;
b “beam »"bc beam b O (Refine-) Vertex fit and second vertex fit

O AE cut: no n°%: (—0.025,0.025) GeV

with 7% (—0.055,0.040) GeV
O D% 1.86 < M, < 1.87 GeV/c?

O D*:1.865< M, < 1.875 GeV/c?



Comparison of information of Kg

Comparison between round0304 and round15
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My with Vertex Fit

» Deviation of Mg_between data and MC

0.0 < PKg < 0.2 GeV /c?
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Vey With Vertex Fit

> Difference between round0304 and 15
0.0 < Pyo <0.2 GeV /c?
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Mg_with Refine Vertex Fit

» Deviation of Mg_between data and MC
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Vey With Refine Vertex Fit

> Difference between round0304 and 15

0.0 < Pyo <0.2 GeV /c?
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Comparison of two vertex fit of Mg

» Deviation of Mg_between data and MC
» Mg_in MC with refine vertex fit is more correct
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Efficiency of K¢ Selection



Fvent Selection

>Missing K2 Candidates >Find K9 :
OReconstructed by ¥ ~;
_ 2 — y
HPsign = \/Ebeam Mp; PS‘gD PD’ O(Refine-)Vertex fit and secondary vertex
ap;,,: track in signal mode except K¢ fit;
(suchas m*m?) 00.511 > My,_ > 0.487 My
OMpiss = OL/err > 2;

D)(lzst&)énd < 200;

- - 2
D\/(Ebeam T Z Etrk)2 _ (PsigD o Z Ptrk)

OAM = M5 — Mo >Not find K9 :
OMinimum AM is used to select best OOthers;
candidate

»Nextra orie < 2 »Control sample: only D™D~



Background rejection

» Remove background with more photons

> Angle between y and recoil K2 is more than 15°
» Cut: Epxtray < 0.37GeV
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D*D~ M- ... distribution

- 0
Find K¢
—_ - -Kg—)ﬂ:*ﬂ:_
Tt':)_ 3500 - ﬁﬁ*“ﬂﬂﬂ
= - L
Q© 3000 M
= : other
“5’ 2500 - + data
g -
S zmmf—
@ 1500
) -
= 1000
o
T 5-:1&5—
D_ ]
0.1 015 0.2 025 03 0.35 04
2
Mmiss
2023/2/27

Not Find K?

— B Komw
516000 Ké—mﬂnﬂ
> 4000 -

] n .

otner

= 12000 - L o

-

-

0.1

0

14



Fit strategy

» Simultaneous fit (share convolved gauss) in five momentum bins (bin size 200MeV)

> The ratio of K » mtrn~ and KJ — n°m® is fixed and is estimated from inclusive MC

> The ratio of K§ and K} is floated with a constrain of Gauss, and the mean and error
are estimated from inclusive MC with correction by PDG

Find: Not Find:

»Signal shape: »Signal shape:
OK? - n*n~: MC shape ® Gauss OK; - n*m~: MC shape ® Gauss

»Background shape: »Peaking background shape:
OOthers in D*D ™ inclusive MC Ok - n°7% : MC shape ® Gauss
OData sideband in tag D My, OK? : MC shape ® Gauss

O7n : MC shape ® Gauss

»Background shape:
OOthers in DD~ inclusive MC
OData sideband in tag D My,



DY*D™ M=>...: 0.4 < P, < 0.6 GeV/c

Fitting error Error from K} ratio
\ Find K? Not Find K
8 700 :_ N _824 o058 % ¢ data 83000 E_ ¢ data
o - TN . o C .
- 600 N, =7637.1£280.9 - Signal . C - Signal
O - =0.513+0.006+0)009 ©2500
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- = Sideband — - Background K I°
200" 1000
100 500
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Vertex fit round15
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D*D™ : K¢ efficiency

Efficiency
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D +D — . KO eﬁciciency MC efficiency calculated by the number
i)

of K » m*m~ in inclusive MC
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Refine vertex fit



D*D™ : K¢ efficiency

Efficiency
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D*D™ : K¢ efficiency

Efficiency
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D*D™ : K¢ efficiency

Vertex fit Refine vertex fit

Round 0304 Round 15 Round 0304 Round 15
€mc €data Edata/ €mc €mc €data Edata/ €Emc €mc €data Edata/ €Emc €mc €data Edata/ €Emc
-1 -1 -1 -1

(0.0,0.2) 0.417 0.370 —0.112 0.402 0.386 —0.041 0.419 0.376 —0.103 0.405 0.387 —0.044
+ 0.006 + 0.021 + 0.054 + 0.005 + 0.016 + 0.044 + 0.006 + 0.021 + 0.054 + 0.005 + 0.016 + 0.045

+ 0.006 + 0.006 + 0.006 + 0.007
(0.2,04) 0.500 0.460 —0.079 0.497 0.464 —0.066 0.500 0.459 —0.081 0.497 0.463 —0.069
+ 0.003 + 0.010 + 0.026 + 0.002 + 0.008 + 0.023 + 0.003 + 0.010 + 0.026 + 0.002 + 0.008 + 0.023

4 0.008 4 0.008 + 0.008 + 0.008
(0.4,0.6) 0.546 0.527 —0.035 0.540 0.513 —0.050 0.546 0.527 —0.035 0.541 0.514 —0.049
+ 0.002 + 0.007 + 0.021 + 0.001 + 0.006 + 0.020 + 0.002 + 0.007 + 0.026 + 0.001 + 0.006 + 0.020

+ 0.009 + 0.009 + 0.009 + 0.009
(0.6,0.8) 0.601 0.582 —0.032 0.593 0.560 —0.056 0.601 0.581 —0.033 0.593 0.560 —0.055
+ 0.001 + 0.007 + 0.019 + 0.001 + 0.006 + 0.018 + 0.001 + 0.007 + 0.019 + 0.001 + 0.006 + 0.018

+ 0.009 + 0.009 + 0.009 + 0.009
(0.8,1.0) 0.655 0.671 0.025 0.644 0.642 —0.003 0.653 0.667 0.021 0.642 0.0639 —0.004
+ 0.002 + 0.010 + 0.023 + 0.002 + 0.008 + 0.021 + 0.002 + 0.010 + 0.023 + 0.002 + 0.008 + 0.021

+ 0.011 + 0.011 + 0.011 + 0.011
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summary

»>The information of K¢ in ¥(3770) data (round03,04,15) has been
checked. There Is deviation in Mo between data and MC and in Vy,,

between round 0304 and 15.

>Efficiency of KJ in DD~ of (refine-) vertex fit in ¥(3770) data is
calculated. The results of refine vertex fit and vertex fit are similar but
all have a deviation between data and MC where MC efficiency Is larger.
And there Is also difference of efficiency between round0304 and 15.

Next to do
>Study K¢ efficiency from D°D° sample
>Check K{ efficiency with another method (N extra trk = 2)



Back up



V, with Vertex Fit
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L /err with Vertex Fit
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with Refine Vertex Fit
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L /err with Vertex Fit
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Comparison of two vertex fit of V.,
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Comparison of two vertex fit of
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Comparison of two vertex fit of L/err > o511>m > o487
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DY*D™ M=>...: 0.4 < P, < 0.6 GeV/c

Find K9 Not Find K3

E;; B DD’ + dat égg:Z(ND():— ¢ dat

i Np,,=5056.1:75.6 ata - ata
Q 400 n Ny -=4546.4:179.4 " - Signal < L - Signal
3 B €=0.527+0.007+0.009 81 500 L
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c [ <1000 -
Q 200F S
LI I L I

:__“ . ® - el el ¥ R U |y Y P& K

%.1 0.15 02 025 03 035 04 %.1 0.15 0.2 025 0.3 035 04
2 2
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round0304
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DY*D™ M=>...: 0.4 < P, < 0.6 GeV/c

Find K9 Not Find K
8 700 E— N =8?J;I::0_+95.a + ¢ data 83000 E_ ¢ data
o ol e . o C .
- 600 C Ny =7637.1:280.9 - Signal . N - Signal
O - =0.513+0.006+0.009 ©23500
~ 500} -
) - - Sideband U)2000 } - Background K I’
% 3 % 1500 E—
@ 290 Z o
- 1000
- 500 -
= R B DR R U P A it
%.1 015 0.2 025 03 035 04 1 015 0.2 025 0.3 035 04
mlss(GeV/Cz) m,SS(GeV/c )
round15
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DY*D™ M=>...: 0.6 < P < 0.8GeV/c

Find K Not Find K2
™ 400 DD ‘731(30();- ¢
- N, ,~7227.6:93.3 * data 1400 ¢ data

< 350 - Ny -=5183.8+226.9 A - Signal O i - Signal
— 3000 €=0.582+0.007+0.009 31 200 -
; 250 ; = Sideband ; 1000 ;— - Background K_I
S 200 S 8001
0 150 T 600

100 400F

50 f_ L 200 4
%.1015 0.2 025 03 035 04 %.1 0.15 02 0.25 03 035 0.4
M (GeV/c?) M2._(GeV/c?)
round0304
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DY*D™ M=>...: 0.6 < P < 0.8GeV/c

Not Find K

¢ data

- -
Z ==, [ ==

PN g (=

- Signal

= Background K_L0

‘~-____

Find K9

600 022500
(@) C Npo=11257.7+118.5 ¢ data S :
g 500 C NN =8836.3:355.4 - Signal 82000 —
_ - £=0.560-+-0.006+0.009 S B
- 400 L : - -
ﬂ E = Sideband -.(2 1500 —
g S §10005
D 200 e
100F S00¢

4 0415 02 025 03 035 04 LK

M2 (GeVIc?)
roundl15
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DY*D™ M=>...: 0.8 < P <1.0GeV/c

Find K¢ Not Find K3

o 250f oo N
o i N,,,=4219.6+69.2 ¢ data © 700 ¢ data
O. 200 B Nyot==2069.6£127.3 - Signal O E - Signal
3 B €=0.671:0.010+0.011 S 600 E_
; 150:_ - Sideband ; 500;— - Background K I’
c T 400[
() B o -
o 100 31 300

i 200

50
i ¥ 4 ’ 100
APt ® | PGNP e wdooTiaelT S b .
%.1 015 02 025 03 035 04 %.1 015 0.2 025 03 035 04
2 2 2
M2 _(GeVIc) M2 _(GeV/c?)

round0304
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DY*D™ M=>...: 0.8 < P <1.0GeV/c

Find K9 Not Find K
-~ 400 = -~ B
0] E o -
S 350 u N, d-st;sz 7:88.2 + ¢ data S 1200~ 2 ¢ data
< - Ny =3766.0:200.2  JI - Signal < - - Signal
Si 3002* £=0.642+0.008+0.011 5110005_
E 250 ;_ - Sideband E 800 } = Background K_LU
g 200¢ 3 600"
I 190F L1 400 i
100 :
50. 200 _
T I - . TP -s *:— T R
%.1 0.15 0.2 0.25 03 035 0.4 %.1 0.15 0.2 025 03 035 04
2
M2 _(GeV/c?) M2 (GeV/c?)
round15
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Method 1

Refine vertex fit
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DYD™ MZ>...0 0 < P <0.2GeV/c

Events / (0.003)
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Find K9 Not Find K
:_ DD’ ¢ data 8 - ¢ data
. Np,,q=308.2£18.3 | S 300 - _
— Ny =511.4+26.3 - Signal - - - Signal
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:_ - Sideband :B 200 f_ - Background K I’
3 I
- S 150+
% L 100 ; - Sideband
- 50 -
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round0304
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DYD™ MZ>...0 0 < P <0.2GeV/c

Find K7 Not Find K3

g : oo ¢ data 8 E ¢ data
s mmm ) oo S *F f e
Z aal S 400
:UJ: 60 j = Sideband E E . - Background K_Lﬂ
= - C 300 [
> 40+ > - :
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20r 100~

O 0 02 025 03 035 04 01015 02 025 03 035 04
mlss(GeV/Cz) m,SS(GeV/c )
roundl1l5
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DYD™ M=>. .. 0.2 < Piss < 0.4 GeV/c

Find K9 Not Find K
9P - ‘D’ o™ -
= 250 B NFM=2?JSI;.8J;47.B ¢ data o 1200 — ¢ data
< r Nyo=2404.4£96.9 - Signal < B - Signal
3 200 €=0.459::0.0100.008 31 000
:é 150 f_ - Sideband % 800 i - Background K 1’
& O 600/
21 100F T
r 400~
S0 200
%.1 0.5 0.2 025 03 035 04 %.1 015 0.2 0.25 03 0.35 0.4
2 2
M2 _(GeVIc) M2 (GeV/IcY)
round0304
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DYD™ M=>. .. 0.2 < Piss < 0.4 GeV/c

Find K Not Find K2
8 409 NFind=32+2ll)J:7i59.9 ¢ data 82000 -~ * data
g 350 Nyor=3852.61147.7 - Signal 8 E - Signal
: 300 €=0.463+0.008+0.008 :1 500 __
(7)) 250 = Sideband 7)) i - Background K_L0
§ 200 §1000'
1 150 T B ’
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100 500 -
50 | - j
0T 015 02 025 03 035 04 4 045 02 025 03 035 04
2 2
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roundl15
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DY*D™ M=>...: 0.4 < P, < 0.6 GeV/c

2023/2/27

Find K9

1

D'D
N,,=5063.7+75.6
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=0.527+0.007+0.009
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DY*D™ M=>...: 0.4 < P, < 0.6 GeV/c

Find K9
9P 700 :_ D'D’ %
8 500 s N, ,~8063.7+95.9 ¢ data
. — Ny =7616.3+284.1 - Signal

© - =0.514+0.006+0.009
~ 500~
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> 300
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200"
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- ]
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round15
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DtD~ M?Z.

0.6 <P, <08GelV/c

miss-
Find K9
8 400 ;_ DD’ ¢ data
O_ 350 ;_ ’:. :l::=-5712;::ii::634 - Signal
3 300 f_ =0.581:0.007+0.009
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S 200
>
w 150
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DD~

M2 .. 0.6 <P <0.8GeV/c

Find K9

- 600 + 2500

- N_ =11260.3+118.5 data -]
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Z 400 Z
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roundl1l5
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DY*D™ M=>...: 0.8 < P <1.0GeV/c

Find K Not Find K2
o 250 — . E
8 B Nq, ,=4196.1:69.0 ¢ data 8 700 - ¢ data
: 200 L Nyo=20923:127.3  f ) - Signal - - Signal
3 i €=0.667+0.010+0.011 t 3 600 -
?f; 150 } = Sideband ; 500 ;_ = Background K_L0
s < 400"
Ijj 1()0;; dﬁ 3CNJ§—
sof 200 -
K 100

'015 02 0.25 03 035'04 17015 02 025 03 035 04
2 (GeV/D) M2 _(GeV/c?)

miss

3
o

mISS

round0304
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DY*D™ M=>...: 0.8 < P <1.0GeV/c

Find K9 Not Find K
400~ — §
8 350 ; N, —632[; 5:88.0 ¢ data 8 1200~ iy ¢ data
Q - NN‘F—3794512001 48 - Signal < . - Signal
Si 300 €=0.639:0.008+0.011 511000;
E 250 ;_ = Sideband E 800 } = Background KiL“
5 200 G 600
& 150 Sl
100} :
sof 200
A2 - - e edazztEEe TN Y
%.1 015 02 025 03 035 04 %.1 0.15 02 025 03 035 04
mlss(GeV/C ) m,SS(GeV/C )
round15
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Method 2



Fvent Selection

> Missing K9 Candidates :

_ |2 2.B.  — _D.
> PsigD = Ebeam _ MD' PsigD = —Pp;

» Py track in signal mode except K¢ (such as m*r?)

> Mpiss =

2 2
(Ebeam - z Etrk) - (PsigD - Z Ptrk)

» AM = M, — MKg
» Minimum AM is used to select best candidate

> Vertex Fit Candidates of K3 :

> Reconstrycted by T~

> AEgig beam — P gigD
» Minimum best candidate

» AEg;, cut:

> D% 1.8 besig < 1.87 Ge

D*: 1.865 < Mpcsi5 < 1.875 GeV/c?

2023/2/27

>N extra_trk — 2

> Find K9 :

» Vertex fit;

> Reconstructed by T m™;

» AEsiy = Esigp — Epeam;

» Minimum AEg; 4 is used to select best candidate;
» 0.511 > Mg_> 0.487 M ;

» L/err > 2;

> Xlzst&)(grd < 200;

> Not find K9 :

» Others;
> Such as K | KQ - n°7° and i

> For D* D~ refine vertex fit
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Not Find I& .
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D*D~ : Three channels
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Sy (S5+B))

D*D~ : Three channels
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Method 1

Background rejection of K¢
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D*D~ : Three channels

Max ener Extra ener
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D*D™:D* - Kdnt + c.c.

Max energ}/
K'D
K§

o - o
ND 2000 N S —7? ND
S-: i K S;‘
[0 _ n D 1500
= 1500 other =
S ¢ data >
S S
& 1000 & 1000
<t <t
— —
2 b2
C 500 c 500
D Q
- -
LL LLl

2023/2/27

-t

Extra energ}/
Kﬂ
K&

%—)T[GTEG
K
M
other
¢ data

67



S/ (5+B))

D*D™:D* - Kdnt + c.c.
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D*D™:D* - Kdn*n® + c.c.
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D*D™ : Dt - Kdntntn™ + c.c.
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D*D™ : Dt - Kdntntn™ + c.c.
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Fit for My,



D™D™ M. 0< P, <0.2GeV/c

Find K9 Not Find K
8 B ® data 8 800:— e data
8 60 - signl 8 - .. Signal
3 50: -- Background ; 600 . -- Background
o 40 k%) i
g 22 L?ij 400
: : 200 -
10 ,,,,,,, s A P S— : Aol At g o
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round0304

2023/2/27 74



D™D™ M. 0< P, <0.2GeV/c
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Find K9 Not Find K¢
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round15
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DD~ M,.. 0.2 <P,,;.c <0.4GeV/c

Find K Not Find K

8 400 if ® data 84000 ? ¢ data
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round0304
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DD~ M,.. 0.2 <P,,;.c <0.4GeV/c

Find K Not Find K
g 700 2
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DD~ M,.. 04 <P,;.. <0.6GeV/c

Find K9 Not Find K9
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DD~ M,.. 04 <P,;.. <0.6GeV/c

Find K9 Not Find K
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D¥D™ M,.. 0.6 <P,,;.. <0.8GeV/c

Find K Not Find K
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D¥D™ M,.. 0.6 <P,,;.. <0.8GeV/c
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DD~ M,.. 08 <P,,;.. <1.0GeV/c
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DD~ M,.. 08 <P,,;.. <1.0GeV/c

Find K9 Not Find K
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