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D° production in a cc event

Number of DO per ccbar event

o DO per event
SD000— Entries 100000
5 C Mean 1.123
| RMS 0.7018
40000:—
o E In 100k cc events there are
- 112k generated D° (at the
- 1 generator level, no
20000 reconstruction).
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Mumber of DO per event

These D° come from:
- 41% directly from virtual photons (e*e” — y" = D° X)
-35% from D™ (D™ - D° n°)
-24% from D™ (D™ — D° n*) « only these used For CP violation analysis:
- n charge tags the D° flavour

- improves the combinatorial
background rejection

Can we recover at least a fraction of the 3 of D° produced
For CP violation analysis?



The idea

The purpose of my work is to study an alternative method to tag the
fFlavor of a D?, without the strong request that it is generated
by a D™:

- increasing the statistics

- providing control samples for other analysis

- time-dependent CPV measurement thanks to the 2x improved
resolution on the proper time

The idea is to tag the D° flavor by looking at the Rest of the Event
(= ROE, i.e. particles not coming from the decay of signal D9).
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Requirements on the events

This tagging technique can be applied to events with the following
charateristics:

1) only 1 K* candidate in the ROE ~ 21% of
. events
2) only 1 D in the event to avoid mistagging from D°%-D° mixing 4 (generator level)

The second requirement is more philosophical than pratical:

Correct tagging Wrong tagging
D0 --- e K- Do -- 2S5, K- CF ~0(1)
I I DCS ~ 0(10?)
MIX X .- DCS MIX N L CF
Bo DO MIX ~ O(10%?)

As First approach, | have discarded events
with one or more D° in the ROE.



Signal and background events
A correctly tagging K* comes from a D or a AN
Examples of signal events (~ 54% of cc events with 1 D° & 1 K*

in ROE) are:
cc->D°D X;D°-»X;D->K'mev,
D-— K™ e'Ve; K- K*nr

CE—)DO/\C-X;DO—)X;/\C'—)A"K*+;K*+_)K+”0

Background events (~ 46%) are the following ones:

1) Doubly Cabibbo Suppres. decay of D- (eg. D- = K n°): ~ 9.5%

2) DCS decay of charmed baryons (eg. A~ — =" K" n*): ~ 6%

3) ccss events: ~ 84.5%
3a) K /K* directly from hadronization of s quark (K°/K* from y*) ~ 76.2%
3b) K-/K* from the decay of D */D_: ~ 8.3%

Data referred to cc events at generator level!



Let's have a look to reconstructed events

New backgrounds from reconstruction:

— K" from D° not reconstructed

— Events with not reconstructed K- (Ehey seem events with
only 1 K" in ROE)

— Events with fake K-

Limits From kinematics:
— K" from y* has low p_ and therefore the resolution on the

impact parameters is deteriored by multiple scattering

Reconstruction software:
— The reconstrucion of K has a very poor purity

— Improvements on selection of Final State Particles and
reconstruction of composite states is expected



Veto events with D° in the Rest of Event

| have processed 1M cc event and searched D% in these
channels:
-D° > K n*n® (BR=14.3%)
-D° > K n*n n* (BR=8.07%)
-D°— K n*m n*n® (BR =4.2%) mmm=) Sum(BR) ~30% < 1
-D° - K n*(BR =3.93%)
-D° > K" K* (BR = 0.4%)

The average efficiency of D° reconstruction is ~ 20%.

As a consequence, only ~ 6% of events with more than 1 D°
are reconstructed.



Background (?) from D° not reconstructed

At present, a veto can be applied only on ~ 6% of events
with 2 DYs.

The expected background from not reconstructed D? in the
ROE is:

(1 -6%) - 40% ~ 38%.

A dedicated effort is needed to improve:
- the efficiency of reconstruction (hard to go significantly beyond 20%)
- the number of D° channels (many channels with small BR)

As shown before, mixing in the charm sector is small: a D°
decays before starting to mix with D°.

So, the mistagging caused by DCS decays of DO is
comparable with the one caused by mixing.

10



Reconstruction of K* in the Rest of Event
My aim is to recognise events with only 1 K*in ROE.

The reconstruction of K* introduces new types of
background events:

1) an event with a misidentified K* (mainly real p or n*)
- no correlation between the charge of K* and flavor of D°

2) an event with a not reconstructed K*
— this modifies the number of K* in the rest of event

3) an event with a tagging K* reconstructed with the wrong charge
- negligible contribute

So, the reconstruction of K* is a non-trivial part of my
analysis:

— | don't want too much tight requirements to avoid to lose some K* and
miscalculate the number of K*:

— | don't want too much loose requirements to avoid to introduce a large
number of fake K*. 11



Reconstruction of K*: several approaches

To reconstruct the K*s | tried several approaches:

- PID(K) > 0.5
— Purity of reconstructed K*: ~ 64.0%
— “Purity” of events with 1 K*: ~62.3%

- PID(K) > 0.5 & PID(p) < 0.995 & PID(n) < 0.2

— Purity of reconstructed K*: ~ 81.1%
— “Purity” of events with 1 K*: ~69.8%

- PID(K) > 0.5 & PID(p) < 0.995 & PID(n) < 0.2
+ Selection of events with 1 Kin ROE

+ BDT on K candidates

— Purity of reconstructed K*: ~ 99.1%
— “Purity” of events with 1 K*: ~80.6%

"Purity" of events evl'.S With 1 MC K+ ROE
with 1 K* = evts with 1 K* ROE reconstructed 12




Reconstruction of K*: the best strategy

The best strategy | found to reconstruct the K*in the ROE is
the Following one:

— Preliminary selection of K* (tracks with PID(K) > 0.1 and
Prob(x?) > 107 of fitted track);

— Check if the selected track is part of the ROE;

- First “loose” selection BDT-based to cut away most of the
background (g, = 87.3%; 1 - &, = 92.4%);

— Check if the list of K* contains only 1 candidate;
— Final “tight” selection BDT-based (the same training as before,
but a different point of work: €, = 62.8%, 1- ¢, =99.4%).

Performances for events with 1 K*in ROE —» #evts®EN / #evtsREC© = 83.9%

eVLsRECO = eyts with 1 MC K* ROE evtsSEN = evts with 1 K* ROE reconstructed

13



TMVA overtraining check for classifier: FastBDT ---""" Background rejection versus Signal efficiency K

(1/N) dN / dx
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Reconstruction of K*: BDT

Variables used during the training of the BDT:
- p, cos(6)
- d, z, pValue
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K*/K- from y” (ccss events) - Selection & cuts

To improve the reduction of background from ccss event, it's possible to
apply a veto on neutral K (K, and K)) in the ROE.

- e gy
44444

* K*K- —> ' D° (cu).’

-------

o, —— 55 = v

o KoKo / \
— something else

* already removed with
1 K+ in ROE criteria

something else <7 Cq

something else

At present, the reconstruction With a veto on Ks:
of K, is to be optimized (too .
L P : .( K*fromvy:-25%
large background), so it's not o f N o
possible to apply any veto on K,. K*from D - 10%
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Kinematics of events: relative angle

Since cc are back to back, tagging K* tends to go to
the opposite direction respect to D°.

CosTheta between DO and K

D+ CosTheta

Entries 1146

0.3

0.25H

0.2

0.1

0.05

D_Illll

CMS frame

H K* from D

p(K*)

II_L|I_LI

Mean —-0.8762

RMS 01882

Wpho CosTheta

Entries 1386

Mean —0.1375

RMS 07122

-1 -08 -0.6 -0.4 -0.2 0O

0.2 04 0.6

0.8 1

CosTheta

We can partially distinguish K*
from D-and K* from y™:
selecting events with

cos(0) < -0.7 we can cut away

part of the physics background:

K*fromy:-66%
K* from D:-10%
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Signal and background: results

1 true
— tructed D° -0.
1M cc reconstruc e> o 16.6'( ‘ cos(0) < 07> ~1 0.6'(
events 1K* in ROE events veto K, events
from BDT

At present, the background is very large if we consider K- from DO as
a source of background:

- signal events: ~ 25%
- K from D*: ~ 96%
-K fromvy: ~ 4%

- bkg events: ~ 75%
- K- from D%/D% ~ 69.5% --------=-==-=------ » Expected
- Events with missing K: ~ 15.1%

-K- fromy™:~9.6% ~=----..___

- K from D* DCS: ~ 2.2% ===uo__ """ meal.

- Events with fake K: ~ 1.2%
- K from baryons DCS: ~ 0.6%

-
-
-
-
-
-
-
-

- »
~~~~~~ Only a veto on K
- = m I ’ + | , T % "===aee_._ "=~ N >
< Fro S / S ° 1.8 /0 ----- » has been applied
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Including K" from D° in the signal sample

1 true
= tructed D° -0.
MMcc OV ~16.6k 2000 ~10.6k
events 1K* in ROE events veto K, events
from BDT

Huge improvement if K's from D° are moved to signal events:

- signal events: ~ 76.4% Soc From all
h s from a
-K from D% ~ 67.1% <€-------- the decay channels!
- K from D*: ~ 30.9%
- K" from baryons: ~ 2.0%

— bkg events: ~ 23.6% Only a veto on K
- Events with missing K ~ 47.9% has been applied
-K- fromy": ~30.4%

- K- from D- DCS: ~ 7.0%

-K from D_*/D: ~ 5.7%

- Events with fake K: ~ 3.9%

- K- from Bo DCS: ~3.2% <@-------- D% from all

the d h ls!
- K" from baryons DCS: ~ 1.9% T 18



Possible fFuture performance improvements

In order to evaluate the expected performances with an
improved reconstruction, | made some additional requirements
from MC truth: 0 MC K, and 0 MC K| per event.

1 true 1 K*in ROE
— reconstructed D° from BDT
1M cc . ~9.8k

|
events events

cos(0) <-0.7 + vetoMCK, + vetoMCK

- signal events: ~ 86.8%
- K from D% ~ 68.4%
- K- from D*: ~ 29.7%
- K from baryons: ~ 1.9%

- bkg events: ~ 13.2%

- E‘_’?”ts WiFh missjng Ki~52.2% - from baryons DCS: ~ 2.8%
-K'fromy: ~30.0% - K- from D- DCS: ~ 0.5%

- K from D° DCS: ~ 8.1% -K-from D +/D -~ 0.3%

- Events with fake K ~ 6.1% si7st

19



Tagging efficiency with MC improvements

ROE K charge vs. MC DO flavour - All K ~95.3% of
o 3 ,»° charged K give
9 E ®
0 L5 .4;5%0" us a correct
5 E K-- D° + > DO .= = tagging.
S oE D < K*-D 4 4000 gging
g .. ." —13500
: CE m 4735 g —13000 Among them:
1= — ~ 9% of K gives a
05 . | —2500 “random” tagging
o ;_ K- DO ‘ . - — 15000
e 4618 1000
Emrif,;:cs)rn’:)l.atlon;ﬂuI{!}u:m7 5'03..~ ~4.7% of
N .
mg;:; 0?631912:8; L1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | I I | © Charged K glve

0
RMS x 0.9999 -1 -0.5 0 0.5 1 1.5 2 2.5 3 us a Wrong

RMS y 1 Charge of ROE K tagg|ng

Results shown for events with 1 D°and 1 K*in ROE
Cuts applied: cos(0) < -0.7; veto on MCK_; veto on MCK .
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Comparison with D** method

In order to evaluate the tagging efficiency and mistagging level, | will
perform in next days a comparison with the D** (standard) method.

| already generated and simulated 100k cc events with at least 1 D* per
event.

The generated D™ decays in:
~ 33% of times in D* n%
~ 67% of times in D° (—» K" n*) n*.

| already performed the reconstruction (Il reached purities of ~ 98.2% on
D** reconstrucion and ~ 99.6% on D° reconstrucion).

On recostructed events, | will apply both methods to flavour tag the D%
in order to measure the efficiency of my method respect the
efficiency of the D™ techinque.

This means that it will be possible to measure the efficiency of my
method directly on the data!

Note that the two tagging technique are not correlated.

21



Conclusions

- The possibility to flavor tag the prompt D°® with a new method has
been studied.

- Since the basf2 software isn't at the final version, some
improvements are expected in the future:

— the selection of K* will improve;

— the reconstruction of K will improve;

— the reconstruction of K will improve.

- It's necessary to repeat the study with the final version of the
software in order to evaluate correctly the performances of this
method.

- It would be useful to apply this method for some analysis to
evaluate the sistematic error introduced.

- Future plan: measure the mistag level of my method by a
comparison with the D** method: possibility to make the
measurement with real data!
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CHARM QUARK

Heavier than a strange
quark, but not as heavy
as a bottom quark, the
CHARM QUARK was

discovered in 1974,

Particles that contain

Aerylic felt/fleece
with a mix of poly
beads and gravel for
medium-heavy mass.

$10.49 .o

CHARM QUARK

EPARTICLEZ0
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®000000000000
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Thank you
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Jor minimum mass.
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fFor the attention!

UP QUARK

®000000000000
LIGHT HEAWY

UP QUARK

ANTICHARM QUARK PARTICLEZ 0

U

The UP QUARK along
with the DOWN QUARK,
make up protons and
nentrons. Considered by
physicists to be an
o o

nta icle,

wee the

and come in
"; up, down,
top and
physical
matter contains only up

and down quarks,

Acrylic felt with pely
Sill for minimum niass.

$10.49 wsumrme

Aerylic felt wwith a
mex of poly beads
and gravel for
medium-heavy mass.
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Kinematics of the generated events

Angle between DO and K+ (CMS frame) Transverse production vertex of K+ (LAB frame)
2500 8 F
S L — Signal S r — Signal
S I S ]
- — Background | — Background
2000 10°
[ p(K")
1500
- 10%
[ 0 -
1000/~ I
500 i
1:—=(xvz+yV2 )1/2 ’J\I‘" "l-”
0III|III | | [ (| :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII
-1 0.8 06 04 —02 O 02 04 06 08 1 0 100 200 300 400 500 600 700 800 900 1000
Cos(theta) Transverse vertex [um]
Since cc are back to back, Transverse production vertex of K*
tagging K* tends to go to the coming from y* is within the beam spot
opposite direction respect to D° (correlated to d  of the track)

Data referred to cc events at generator level! 25



Kinematics of the recons. events: impact parameter

do of ROE K D+ K do
«10°° d° = transverse impact parameter Entries 1148
: Mean —2.481
60—
- BmMS 1283
N K* from D- Vpho_K_d0
50 _— Entries 1286
= Mean —1.586
= RMS 96.87
40—
: K* fromy’
30—
20 _— *
10 . LL+ ‘
i ||.'|i'l I--H ot
o beLiet] ] .m_Jl.I-iu.ll JhJJi'LI‘... "1

=500 —400 -300-200-100 O 100 200 300 400 500
d0 [um]

d, of K* from y” should be of the

order of the dimension of the beam
spot (<10 pm, w.r.t. ct(D°) ~123 pm).



Kinematics of the recons. events: impact parameter

- Belle Il resolution on d, measurement
0.4 - + Oz Tracks with PXD clusters
2 O4o Tracks with PXD clusters
' © BaBar Ox0
E ® BaB:rO
0.3 5 ABAR Odo
3
£ 02 — Bellell MC
o b & PRELIMINARY
E o
0.1 — ]
- y § 2 §°
— "o . & g 2 2 E 2 0900000
0 l 1 : '|_‘L_.' I'l\II ' .kJ..'."!.I_.'. * r
1-2001 1 2 3
8583A28 Transverse Momentum (GeV/c)

d, of K* from y” should be of the

order of the dimension of the beam
spot (<10 pm, w.r.t. ct(D°) ~123 pm).

pT of ROE K D+ K pT

%107 Entries 1146

- Mean 1.089

o 1K+ from Y RMS  0.8177
Vpho K_pT

60

50

40

30

20 11

10

|

K* from D-

Entries 1386

Mean 0.6919

RAMS 0.4437

0 I I | L 1 1 1 |
O 1 2 3 4 5 B
pT [GeV]

Since most of K* from y™ have pT < 1 GeV,
Belle Il doesn't have the proper resolution
to measure correctly the d° of these K*.
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D*->D°n* / D°->K nt*
Reconstruction of D° = K n*:
— PID(K) > 0.5 and Prob(x?) > 107 of fitted track
— PID(n) > 0.5 and Prob(x?) > 103 of Fitted track

— 1.82 GeV < m(K" n*) < 1.92 GeV
— mass-vertex-fit (RAVE) with Prob(x?) > 103 of Fit

Reconstruction of D** — D° n*:
— PID(m) from dEdX > 0.5
— 0 MeV <= Q-value < 20 MeV
— mass-vertex-fit (RAVE) with Prob(x?) > 103 of Fit

D*+ Mass DO Mass
4000 htemp - htemp
moof- Entries 34812 | g Entries 35126
30003_purlty ~98.2% Mean 201 30[mi_purlty ~99.6% Mean 1 865
2500 RMS _ 0.0007439 | 2500 RMS  0.009554

2000— 2000 -

1500 1500
1000 1000—

500— 500 —

) ) ) L L I r I I I I I T l L L L [ | T L I I I I | | )
2.006 2.008 2.01 2.012 2.014 1.82 1.84 1.86 1.88 1.9 1.92
Mass [GeV] Mass [GeV]



D° from bb events

The best cut to remove the background D° coming from bb
eventsis p > 2.5 GeV in CMS frame:

€. ~7T15% € ~6-10"
sig g

b

| tried a selection based on a BDT using:
- z coordinate of the D° vertex
- D momentum
- R2 Fox-Wolfram moment
- cosine of the angle between thrust axis of D° and ROE

To keep low the background, a possible selection gives:

€. _~7185% € ~ 5.10"3
sig g

b
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