Jiahui Qiao?

'Henan Normal University

Nov. 19,2023



Henan norma | University '

Motivation

MC Samples
Event Selection

DT Analysis
Summary




Henan normal University '

G m
LD = 1'w) = <5 fhemif M= (1= —5— )| Vel

. Measurement of the bf of D — [ty is important to determine fD; to validate the
calculation in LQCD,and better |V,¢| to test the unitarity of the CKM maitrix.

. Test on lepton flavor universality in charm sector.

. Further measurements of leptonic D¢ decays are still high desirable.



[l Motivation |

PDG: (5.32+0.11)%

Experiment Mode B (%) [4] P. U. E. Onyisi et al., CLEO Collaboration, Phys. Rev. D 79 (2009) 052002.
CLEO-c [4] D — 1™ (e™v.v-)v 530+0.47 +0.22
CLEO-c [5] Df - t%(nx"v)v 6.42 +0.81 £0.18
CLEO-c [6] Df — 1t (p"v)v 5.52+0.57+0.21

[5] J. P. Alexander et al., CLEO Collaboration, Phys. Rev. D 79 (2009) 052001.

[6] P. Naik et al., CLEO Collaboration, Phys. Rev. D 80 (2009) 112004.

Belle [7] D+ N T+V 5 70 4+ 0 2 1 +8gé [7] A.Zupanc et al., Belle Collaboration, Journal of High Energy Physics 09 (2013) 139.
s JUE0.21
Babar [8] D —» 1ty 5.00 +£0.35 +£0.49 [8] P.del Amo Sanchez et al., Babar Collaboration, Phys. Rev. D 82 (2010) 091103.

BESII [9] D! — 5 (x*2’%)v  5.29 £ 0.25 £ 0.20
BESIII [10] Df — t*(e* v, )v  5.27+0.10+0.12
BESII[11] D - tH@x*v)y  5.21+£025+0.17
BESIH [12] D;L - T+(7T+1_/)V 483 + 065 + 026 [11] M. Ablikim et al., BESIII Collaboration, Phys. Rev. D 104 (2021) 052009.

[12] M. Ablikim et al., BESIII Collaboration, Phys. Rev. D 94 (2016) 072004.

[9] M. Ablikim et al., BESIII Collaboration, Phys. Rev. D 104 (2021) 032001.

[10] M. Ablikim et al., BESIII Collaboration, Phys. Rev. Lett. 127 (2021) 171801.
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. BOSS version : 7.0.3

u Signal MC.

. EVle samples.(10x)

Component | directory 4180 Decay mode Generator

Dppo DODO 179

D™D~ DpDm 197 + +

pOpo DSTODO 1211 Dg — 1t7v, SLN

DD~ DSTpDm 1296 _

DD | DSTODSTO 2173 7 - etvy,u;,  PHOTOS TAULNUNU
D**D* DSTpDSTm 2145

DID; DsDs.newLS? 377 + -+ —

DD DsSTDsST B

DD'x" | DDSTPIp 383 7 >ty TAUSCALARNU

DD*x DDSTPIO 192

DDr DDPIp 50 + + — )

DDx | DDPIp 0 t* - pt o7, TAUHADNU -0.108 0.775 0.149 1.364 0.400
qq aq 13.8

o RRIS 0.40

y(28) RR2S 0.42

y(3770) | RR3770 0.06

™ tt 3.45

o mm 5.24

ee ee’ 424 81

ee eeNLO® 416.10

vy TwoGam 1.7

HCT HCT 0.10178 4
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B Good charged tracks - Good photon

e |Vz| <10cm
e |Vxy| <1cm
e |cosB| <0.93

e Barrel E=25MeV, Endcap E =250 MeV
e Oy—charged >10°
e 0S<TDC <14 (x50ns)

P I K

e MK 0 (T*T™) € (0.487, 0.511)GeV/c 2
e K: prob(K) >0, prob(K) > prob(m) * X yix< 100

e 17: prob(m) >0, prob(m) > prob(K) e |Vz] <20cm,|cosB| <0.93
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-(0) .

mr/ B’

e 10 M (yy) € (0.115, 0.150)GeV/c 2
(1) > 0.1 GeV/c? e p=@: Mp~O(z°Mr~) € (0.57, 0.97) GeV/c?

*n :Mn (yy)€ (0.50,0.57) GeV/c ? en : Mn (yp®) € (0.94, 0.976)GeV/ c?
e x4, <200 Mn (ntmn ) € (0.946, 0.97)GeV/ c?

B Further requirements

ep(mH)>0.1 GeV/c
ply)fromn —yp°: ply) >0.1 GeV/c
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Mrecc = (Ecms — \/lﬁDglzcz + m? 4) — |

Dy
eminimum |Myec — m(D7)|

e Myee € (2.05,2.195) GeV/c?

y/ m° from D¢~

AE = Ecm — Etag — Emiss — E’)//?TO}
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Events/(0.004 GeV/c?)

— Cocktail MC
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Events/(1.5 MeV/c?) Events/(1.5 MeV/c?)

Events/(1.5 MeV/c?)
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e Bkg:15T 10 379 Chebychev function
* Sig: signal shape extracted from MC truth matched sample 9



a _pjobs gen
Etag‘NST /NST

b Hy: Sionl egion_ My, Sdtand egion Mode el

D, - K'K~ [1.947,1.992]

D~ — K*K-n~  [1.951,1.986] D - KIK~ 34.2740.12

D; » K*K-nn° [1.935,1.989] _ b —

D- — KK 7*n [1.951,1.985] g = 70 & 41.651+0.07

D; — K§K+n-n— [1.950,1.990] Dy » K*K~n~n®  13.3740.09

D, > nn [1.947,1.990] [1.895, 1.92] || [2.01, 2.035] _ 0 4

D; > 1y, [1.940,1.990] Ds - KsK™m*mn™  12.9240.17

D; — JT_JquW [1.938,1.990] D.S'_ N K£K+ﬂ+ﬂ_ 14.37+0.08

D; = a7, [1.940,1.990]

D; — ﬂ_r];po [1.940,1.990] D - m™n 55.61+0.39

D, — K ntmn [1.950,1.990] DS_ N 7T+7T_7T_ 17.16+0.13
Ds - n 7.13+0.05
Ds — ”_U;zm—n 3.40+0.02
[ 9.91+0.09

D; » K mtm™ 48.77+0.69
10



4001
Selection criteria for D¢ - v, , % - e*v,7, = ool ~ CookiailMC ]
L -
= 3"
I L
S 200 -
S I
200, |
e Only one charged track L%loo_
e P(e) > 0.001; % 0.5 i
P(eHGeV/c
P 3
* R(e") = P(e)+P(Sre))+P(K) >0.8; 2,5?1(?
. 2:_ — Cocktail MC 1
e the deposited energy in EMC over the momentum for positron: %(e*) >08. <+ T
g 1.5 ]
e the momentum of positron: p(e*) > 0.2 GeV/c. Z |
5 E
= T
= o5 .
% o5 1 -
E/p(e")
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Events / (0.100 GeV%/c?)

Fitting result (cocktail MC 10x)

BF : 5.42+0.083 %

3
x10
L ' - [
6 - DioKKT ¥ Do
| —— Best fit
L = = = Non-I¥, background{BG)
T —.— D —K|e'v, BG
4 B — Di—=Xev BG
= s gignal
2 -
,“, [=—="1
0
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Signal : the shape extracted from D¢t D MC
truth matched event.

* nonDg bkg : the shape is extracted from the
corresponding MDs sideband region, the size is
fixed according to the corresponding MDs
sideband scale factor from cocktail MC.

* D; = Kle™ v, : the shape is extracted the D&t Ds
MC fruth matched events, the size is fixed.

e Di — Xe™ v, : the shape is extracted from

MC ,the size is the float.

12



Selection criteria for D - v, , " - uty, 7, 0 ;
Q
%200_ Cocktail MC |
O = i
5 | 1
- L 4
<
= L 1
* Only one charged track So0- N
e P(u) >0.001 ,P(u) >P(K) ., P(u) >Ple) 5 | ]
. . Mmoo r 1
* The deposited energy in EMC & (0.1, 0.3)GeV I | :
e cosf , momentum , depth ’ "' EMC.(GeV) o
| cos 8| momentum (GeV/c) depth (cm)
050 < p<0.61 > 3.0
0.61 < p<0.75 > 100.0 x p—58.0 200
(0.0,0.2) 0.75 < p < 0.88 > 17.0 PR i
0.88<p<104 >100.0xp—-71.0 L T , i
1.04 < p<1.20 >33.0 % 150 — Cocktail MC 7]
050<p<0.64 >3.0 O L i
0.64 <p<078  >100.0x p—61.0 <+ T )
(02,04)  078<p<091  >17.0 S 1001~ »
091 <p<1.07 >100.0xp—74.0 S [ i
1.07<p<120 >33.0 & 2 1
050 <p<067 >3.0 g so|- ]
0.67 <p <081  >100.0x p— 640 > | i
0406) 081 <p<094 >170 = 1
0.94<p<1.10  >100.0x p—77.0 o L i
1L1I0<p<120 >330 0 0.5
(0.6,0.8) >9.0 P,(GeV/c)

(0.8,0.93) >9.0
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Fitting result(cocktail MC 10x)

Signal : the shape extracted from D¢t D MC

BF : 5.66+0.127 %
>-66£0.127 % tfruth matched event.

x10°  nonD{ bkg : the shape is extracted from the
:; ! _ Dy— K'K'nw i:’m corresponding MDs sideband region, the size is
E 3F ---an-v;uhu=km-unﬂ1ﬂﬂl fixed according to the corresponding MDs
§ ) [ - o E::f,: sideband scale factor from cocktail MC.
< AN o * Dy — K2~ v, : the shape is exiracted the Di* Dy
E 1 _ MC truth matched events, the size is fixed.
= “1} -------- ; * Dg = Xu~ v, :the shape is extracted from MC ,

the size is the float.

14



Selection criteria for D - v, , tt> v, 3001~ ]
. % i — Cocktail MC ]|
o L 1
v 200~ .
o | ]
= 1
E | i
o No extra charged tracks. S 1001~ |
>
SA |
® No extra 7°. - *
G0 1.5
° 02 <M~  <0.6GeV?/c*
[ The ratio of the energy deposited in the EMC over the MDC momentum of the charged track is
less than 0.9. 6001 - S N
—_ L — Cocktail MC
o The absolute value of the cosine of the polar angle of p,ss in the center-of-mass system of initial —— i
e*e” is less than 0.9. 3400f i
5 | i
L The maximum energy of extra photons is less than 0.3 GeV. 5 200’ |
2500l N
salN i
1 L ! | I o= |
G0 0.5 1

E/p
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= Fitting result(cocktail MC 10x) «Signal : the shape extracted from D¢ Dy MC
BF : 5.98+0.20 % truth matched events.
* Dg - u~ v, : the shape is extracted from

600 - B KK 4 Data inclusive MC truth matched events , the size is
- B > P
= I — Bestfit float.

) other B(

& I * Dy - K%~ :the sh is extracted f

z 400 - ﬁ N s - K°n e shape is extracted from

S i ¢ — DK’ B inclusive MC fruth matched events , the size is
—

g I float.

% 200 - o¢

= I e Other bkg : the shape is extracted from MC , the
o il

= 0 . it size is the float.

-0.2 0 0.2 04 0.6

16



Selection criteria for Df - v, , % > pti o, 607
= S |
S‘ L — Cocktail MC
& 40/ -
5 |
= |
9 -
& 200 _|
*Only one good charged frack 27
> -
ML |
«At least 2 good photos to form a m° 0 S B i
M_. (GeV/c?)
S500—————
Mo — Mg+ | <0.2 GeV/c? O |
2> 4001 — Cocktail MC
ol

« By | <0.1 GeV

’_.\Il\lll\\l\ll\‘\l\\l\l\l
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Events / (0.010 GeV¥/c?)

Fitting result(cocktail MC 10x)

BF : 5.85+0.21 %

150

=

Ln
=]

D,— K'K«

Henan normal University '

Signal : the shape extracted from D¢t D MC
truth matched events.

e D; »nu-wY: the shape is extracted from signall
MC , the size is fixed.

e D; — K%z~ 1% the shape is extracted from
inclusive MC fruth matched events , the size is
floaf.

e Other bkg : the shape is extracted from MC , the

size is the float.

18



. Signal efficiencies(%)

Dy - KK~ 26.20 12.30

D » KYK™m~ 20.58 9.57 15.72 5.48
D » K*K nn® 8.18 3.87

D; - K)K ntn~ 9.74 4.57

D - KJK*m*tm~  10.95 5.10

Dy »ntn 28.39 13.41

Ds > w7 24.29 11.38

Ds -~ n'n 11.65 5.56

D§ = T Tt 10.71 5.06

D; — n‘n'ypo 12.72 9.10

D » K m*m™ 27.01 12.70

19



simtancous f ||| v R

x10 x10’
6 L Diotv(toe,T ) i:""r 3L DEoTV(top,T) ::""r
:;-; : --- Nu‘n—D; background(BG) Z-; L --- N'-n—D; background(BG}
- - = L DKty BG
¢ Lk e ¢ L e eUse the common bf to
S — S . simultaneous fit 4 channel , other
§ 21 § 1
! S e T conditfions remain unchanged.
0 & P i e -
0 1 . 0 0.5 1 L5 2
EL™ (GeV) ESF™ (GeV)
600 DTV (to7T) M 150 D5tV (t—p*T) + v

Events / (0.008 GeV¥/ch
Events / (0.010 GeV3/c%)

400 __ D"V BG
- elbﬂ — DK% BG

Preliminary result : 5.54+0.063%

-0.2 0 0.2 0.4 0.6
ME, (GeVich ME (GeVieh)

miss
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. Summary and next to do

Summary

*We obtain the BF to be (5.54+0.063%)

eThe simultaneous fit result accords with separate fit.

Next to do

eFinish all MC between 4128-4226 and data.

eTo do uncertainty studies.

21
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Thank you for your attention!
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. Event Selection

. The invariant mass distributions
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3
50 ?10 T T T T T = 3_5 r 4 5103 T T T ]
F < Data b - Data E
w BF E 4 3 % 35 F e
3 40 F — Cocktail MC z 25 3 %2 3| —CookalMc E
=t =255 = E
o 35F o © 25
o - (ST o
3 30 F > 2F S Lf
2k 2t 2
< 25 215 ¢ 215
1 3 i} F i
20 3 1 L 1F
15 :_ P L il | i | wl g | N P o P 05 i | il i L - P L
04 011 012 013 014 015 0.16 0.45 05 055 06 0585 047 048 049 05 051 052
My 7) (GeV/ic) My v) (GeVic?) M(z) (GeVich)
(@) 7° = yy from D7 —» K*K 7 n° (b) n — yy from D; — = (c) K% - n*x~ from D7 — KK~
YY s n YY 5 Myy s 5 s
18 2:'1(‘}3' T rrrrprrrr T L "_ :"' Trrrrrrrrr e oTreTT TrrTorprT ": 10 )_('1'0.?'I LELELELE BLEL L B B L B
16 E 3 600 | -+ Data 3 o5 [ ~Data ;
% ak i ; Cpno | vt
s 14 3 ra . =500 E — Cocktail MC > 9 F —Cocktail MC g
s 12 3 " X E 2400 b S g5 3
@ 10 | ’_‘/ A @ T f @ ;
SN N3 ©300 | S P
@ E - Data “ @ F ] E + a3
5 6p E 8200 F ] £75 g At ]
O 4f — Cocktail MC E @ ] o 7F VW""" 3
oF l E 100 l | ] 6.5 ' | =
0 E | 1 1 | 1 0 C 1 1 1 | 1 9 B l 1 1 1 1
04 05 06 07 08 09 093 094 095 096 097 098 0.99 093 0.94 095 096 0.97 098 0.99
M(r'm) (GeVic) M(m*mm, ) (GeVic) Miyp?, ) (GeVic?)
0 + - —t ’, + - - — ! ’ 0 - —
(d) p" = ' fromD; >« 0 (e) 7 = n'rpfromD; - Mot wn(yy) ) 7 = yp' from D; - & 0

24



Henan normal University 0\/:

< 0 okke e X 200
2 % 150
& O
~ o
= 2 100
-~ ~
4 3
£ = 50
il 0 L tamesn T
o 05 1 -0.2 0 02 04 06
M2, (GeVch) M2 (GeV/c?)

Miu'ss = (Ecm — Etag o E‘yn'o - ED;")Z - (_?’)tag —B}WO _BD;’)Q
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