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Why measure D/ lifetime ?

* Why measure D} lifetime?
* Using current Belle Il data, we can achieve a precision competitive to existing world average.
* We are still in the early stages of a broad Belle Il physics program
* A precision measurement of D lifetime will be demonstration of:

* Good Belle Il detector performance.
* Excellent vertexing capabilities.

* Whatis D? lifetime?
* Massive unstable particles decays to more stable particles (respecting different
conservation laws), has a lifetime.
 Lifetime depends on dominant decay modes and underlying physical interaction.
« DS lifetime value is (5.04+0.04)X10"3 s [PDG 2021]
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Proper decay time t:

m(A7r-p)
Iplc

* Proper decay time: L = y

A7 is vector from DS production point (IP) to the decay vertex.
p is the reconstructed D momentum vector.

« misthe D invariant mass. Decay length/
« DS production vertex is constrained at IP (only considering AR
DS frome*e™ - cC)
. Production vertex +
e s d e
> <
7.0 GeV 4.0 GeV
Interaction Point (IP)
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Choice of decay mode for the D lifetime measurement?

* We have to pick a DS decay mode with:
* Large branching fraction. (higher statistics for precision measurement)

* All charged tracks in the final state. (very good momentum resolution and decay vertex
reconstruction is crucial for lifetime precision)

* High sample purity i.e. ratio of signal with signal plus background.

* For lifetime measurement we chose decay mode: Df —» ¢p[K*K~|m™ : u
 Large branching fraction:2.24 + 0.08 % [PDG 2021] _—
* Three charged tracks, K™K~ and ™ in the final state. w+ p
* High sample purity of 93 % in the signal region.
Ce ® S
DS ¢
Se < e S
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Data and MC sample used for measurement:

* MCsample:
* Run dependent MC sample
« MC13b_proci1 (40 fb™1)
« MC13b_prompt (40 fb~1)
 Total: 80 fb~1

* Data:
* 2019 data: Exp. 7,8,10. 9.7 fb~1 (off + on resonance)
* 2020 data: Exp. 12. 62.6 fb~! (off + on resonance)

 Total: 72.3fb™1

Check out for latest data production updates:

https://confluence.desy.de/display/Bl/Data+Production+Status
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Reconstruction of D —» ¢p[K K |n™

Variable Selection criterion
Charged tracks

dr |dr| < 0.5 cm Selecting tracks originating near IP
dz |dz| < 2.0 cm
#PXD hits - Selecting tracks with momentum measured with better precision.
4 SVD hits > 4
# CDC hits > 30 |dentification of charged tracks as pion or kaon.

- - B t traint ires D to originat
PID (binary, Tt Lo +L ) > 0.6 for K and < 0.55 for 7T} fri?:lé?o constreIntrequires B fo oniginare
Vertex chi prob > 0.001 (Tree fitter, beam spot Constraint)}- o , _

o * This improves the decay time resolution by a
Helicity |cos(Oner)| > 0.45 }\ factor of 3
P;‘);r > 2.5 GeV/c (remove DI from B decays) To suppress the background
2
M, (1.01 < My < 1.03) GeV/c ) B mesons have a finite lifetime
M 1.922 < M 2.02) GeV
Dy ( < Mpi < ) GeV/e See backup slide #13 for details
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Results from MC studies

* 40 fb™! run dependent MC sample is used for
results in following slides.
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D; mass and ¢ mass distributions after reconstruction:
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* Reconstructed Mp+[K*K~m™] and M, [K K] distributions are shown above

* We fit for lifetime only using the events in the MD; signal region defined as :
. MD;E (1.96,1.976) GeV/c?
* Purity of samplei.e. S/(S+B) in the signal region is 93%.
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Lifetime pdf:

- Signal Events: Real Dfdecays to K*K~r* final state: P

* Probability of an event to decay at time t : 2000

Convolution of natural decay law and
experimental resolution function

Natural decay law Detector resolution effect

No experimental effects

» Event level resolution function: R(t —t’ : mean, s, o)
* Asingle gaussian is used as resolution function.
Resolution function has different width for each event.

g could be “over” or “under” estimated.
To correct for that, we use a scaling factor s common for all events.
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We use the o/, error in decay time t for event i as the width of resolution function for that event.
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Lifetime pdf:

* Background Events: non Ds decays, majority random combination of final state particles:

* Distribution of decay time t for background events, Fbkg(t) is modelled using sum of 3
Asymmetric gaussian with common mean.

* Fpkg (1) is obtained using events in Mpy sidebands.

* We fit for background events in signal region using pdf shape obtained from sideband

events assuming the distribution are same. (assumption verified in MC using truth matching, see
backup slides for details) oo

[ Bkg. side-bands
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Lifetime pdf:

* Total decay time t pdf:
* We use a3d pdf, f(t, oy, Mp+ ) in fit variables: decay time (t), error in decay time (o;) and M+

’ f(t O_t»MDJ:) @X ig(0¢) XFgio(D+ (1 — 51g) ‘ bkg(ct)XFbkg(t)

 Ratio of # signal
with # signal plus
background.

* Obtained using 1d
Mp+ fit (fixed)

* For fit to data, no input (pdf shape parameters) are used from simulation.
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To better
distinguish signal
from background
Fixed from
results of 1d M+

fit.

v

* Model decay time t
for signal events
Fsig(o¢): sum of

Fixed from results
of 1d MD;" fit.

gaussian and
Johnson SU function
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Model decay time t for
background events.

Fpkg(ot): Johnson SU
function

Fixed to shapes obtained
using sideband events.
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1d MD;- fit:

x?/ndf = 1.592416

Events / ( 0.00163333 )
(&)
g

193 194 195 196
M,.(GeV/c?)

Pull

1.97

Nbkg = 14086 + 167
Nsig= 33117 £ 217
al =-0.0556 + 0.017
a2 =-0.0731+ 0.020
a3 = 0.068 £ 0.015

frac_gauss1 = 0.777 £ 0.042
mean = 1.968354 + 0.000019
sigma = 0.002638 + 0.000055
sigmal = 0.00488 + 0.00034
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1.99
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» Signal pdf Fg;g(Mp+ ) : Sum of two gaussian with common
mean

* Background pdf Fbkg(MD;) : 3" order chebychev polynomial

* Inthesignal region: Ngjo = 32293 and Ny, = 2440

* Sample purity = 93%.
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Final fit results (MQ):

Fit Projection on t

_1 .
~ oo E e Results from 40 fb™" MC sample:
Q = 2 — fr_g_dt= 0.0164 = 0.0027 e e oy o
& b Lo O s+ b * Lifetime value from fit is:
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Fit for 10 b data:

Results from 10 fb' Belle Il data:

* Lifetime value from fit is:
« 7=(5.099 £0.075) x 107135

* Lifetime result from 10 fb" MC:
* 7=(4.988 +0.065) x 10713 s

* Lifetime result latest PDG value is:
7=(5.04%0.04) X 10713 ¢
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Summary:

D lifetime measurement at Belle Il is in progress.
Final version of lifetime fit pdf is ready.

Lifetime measurement results obtained using MC sample:
* Results from MC sample | : 7= (5.036 + 0.032) X 1013 s
* Results from MC sample Il: T = (5.063 = 0.033) X 1013 s
* Both are consistent with generated MC value of 5.000 X103 s.

Fitted for lifetime using above pdf for 10 fb-1 of data
* Results from 10 fb" of data: 7 = (5.099 + 0.075) X 103 s.
* Results from corresponding 10 fb"' run-dependent MC: 7 = (4.988 % 0.065) x 10~ 13 s

Work on cross-checks for bias and systematic uncertainty measurement ongoing.

We plan to release first Belle Il note soon.

If interested in lifetime measurements, check other charm lifetime analysis in progress at Belle II:
« DO D% lifetime and A/ lifetime
* See June B2GM slides for latest updates
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Selection variables:

Cut on helicity angle: Cut on DS momentum in e*e~COM frame:
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FIG. 6: Distribution of cos(fye) for truth matched signal (red) and background (blue)
events. To suppress the maximum amount of background and retain maximum amount of (a) P, distribution for truth matched background  (b) PY, distribution for truth matched signal events

ignal i Oner)| >0.45
signa we require [cos(Oper)| events

FIG. 5: PE;F distribution for truth matched signal |} and background events from
different production type. We require P*DS+ >2.5 to get rid of DI coming from B meson
decays.
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Fitting for Fpye(t) :

Decay time t fit for events in M, + sideband: Projecting the pdf obtained from sidebands on background
l events decay time distribu}ion in signal region:

'3 1000 PRy 3 )
% fZ;— 22:3:22112 3 S 300E -w- AGausst -
L 800 n - 00000103 00000051 | —] Z 250 AGauss? x/ndi = 1059507
g . mean = 0. £0. 3 = --- AGauss
g C AGaussz sigmal = 0.000198 * 0.000046 ] ®
§ 600 - \...- AGau sigmal - 0.000399 +0.000012 — § 200 E= == AGauss3
T, : ngmal2= 0.0001128 + 0.0000044 : i} 150
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i’ o
(a) side-band background events fit (b) signal region truth matched background events
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Johnson SU Pdf and g; fit:

Johnson's S distribution.

This PDF results from transforming a normally distributed variable x to this form:

The resulting PDF is

It is often used to fit a mass difference for charm decays, and therefore the variable x is called "mass” in the implementation. A mass threshold allows to set the PDF to zero to the left of the threshold.

PDF[Johnson Sy ] =

z=y+6sinh_'(x;)

)7
A

Truth matched signal events, o, fit:
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Data-MC comparison

* Both data (bucket-10) and MC (run-dependent MC bucket 10) samples used
correspond to an integrated luminosity of 10.4 fb™
* Will compare the M+, t and o, fit between data and MC.

Mp; fit: Data MC

Mass D Mass D

@ 1400 3 o 3
® Nbkg = 3975 = 88 E @ 1800 = [, 0 ounas { Nbkg = 3344 = 98
v} Nsig = 6558 = 102 = @« E ’ N\ Nsig = 8231+ 121
™ 1200 — ™ 1600 - N 9
© a1 =-0.1502 = 0.031 ] © 3 \ a1 = -0.0765 = 0.034
S 1000 a2 =-0.0337 = 0.037 - S 1400 E_ \ a2 =-0.0292 = 0.047
3 a3= 0.009 + 0.028 = S 1200 - \ 3= 0.057 = 0.031
3 800 frac_gauss1 = 0.68 = 0.11 — 3 1000 = h as= 00570
= mean = 1.967529 = 0.000047 E = = frac_gauss1 = 0.857 = 0.032
«2 600 sigma = 0.00272 = 0.00016 -] £ 800 - mean = 1.968304 = 0.000037
% sigmal = 0.00491 = 0.00060 3 qc_) 600 A sigma = 0.002738 = 0.000066
u>.| 400 = Lﬁ 400 B \ sigmat = 0.00647 = 0.00097

200 3 F

E 200 \\\
0 S b S ‘\%\.\\ 3oL RS LA AR AV 0 T AV T mva MrET T A OETTe &\ N ‘\'ﬂ NI s o Pl e S e i
1.93 1.94 1.95 1.96 1.97 1.98 1.99 2 2.01 2.02 1.93 1.94 1.95 1.96 1.97 1.98 1.99 2 2.01 2.02
MD+(GeV/c2) MD+(GeV/02)

Pull
Pull

* Nsigis 6558+102 for data and 8231x121 for MC,
* Nsig (data/MC) = 79.67 + 1.71 % (20% lower signal in data)

* Nbkg (data) = 3975+88, MC = 334498, 0.00357,
* ratio data/MC =1.19+0.04 (20% higher bkg. in data)

* Purity in signal region: Data =90.42 %, MC=93.38 %

Ds+ lifetime




Data-MC comparison

o fit for events in Mp+ sidebands:

Data MC
o, (ns)
— ™ ML L B N B B B B — 250 - L L S L
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E/ 150 - xi = 0.0000443 = 0.0000023 3 Z 150 xi = 0.0000339 = 0.0000019 =
g = »2indf = 0.652700 ] E - x2ndf = 0.685873 .
o) 100 - i % 100 |~ -]
> - -] > - .
L C m L - -
50 - - 50 - =
0 C L L :x10“ 0 C L L 1 L :x10_:
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 9 0 0.6 0.7 0.8 0.9
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* Johnson SU pdf was used to model the o, for both data and R e e R R IARAR RAR S

MC. 0.04F 3

0.035F 3

* Xiparameter decides the peak of distribution, peak for MC 0.03F E

(33.9+1.9 fs) is shifted to left compared to data (44.3%2.3 fs) 0.025 E

0.02F =

. e 0.015F =

* Lambda parameters is width of distribution, MC = 5.9+2.1 fs | oot 3

= + TE E

data = 13.4+1.6 fs. 0.005F 3
OZ.L~:|....|....|....|....|....|..... 4x1(
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o, (ns)

Ds+ lifetime




MC study to check for bias in lifetime measurement

Bias from selection criterion:

* To check for any bias in lifetime measurement coming from reconstruction, we fit for
generated decay time using the truth matched signal events.

*  We fit the generated decay time tge, for 8 independent MC samples with luminosity 10
fb* each.

Tgen from all 8 MC samples are consistent o) AL TR A R RS DA RRRAS A
with no bias from the selection criterion. 515 _1 ................. S A S S S -

R i L s S R e
0505 | ] ---------------- R S
5 f
= 4.95 e s T """""""" T """""""" :

T e e
PP 0 S S SIS T S —
-I L I L L L I L L Ll I L Ll L I Ll L I Ll L I L Ll L I L L L L I L I-

Stream #

.

Lifetime value used for MC generation.
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