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A) j0LICH
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s Motivation

s On the interference in pp —D_'(2317)" D

s Answers to the questions from the “outside world”
s Analysis strategy

s Background characterization

s Rate estimates

s Systematic uncertainties

s Summary and future plans > Publication as PLB?
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A) jULICH

FORSCHUNGEIENTRUM

Goals of this talk:

- answer to the main questions risen during the past one year,
during public talks at workshop/conferences (2014/2015)

- show the status of the full simulation on the proposed channel
- summary of the published results during the past year (2014)
- discussion on how to proceed

- plan for the publication
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D_spectroscopy, today A) jULICH

FORSCHUNGEIENTRUM
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Highlighted papers: D_'(2317)" #) JULICH

FORSCHUNGEIENTRUM

“Observation of a narrow meson decaying to D“Lsno at a mass of 2.32-GeV/c**

e-Print: hep-ex/0304021 | PDF
Experiment: SLAC-PEP2-BABAR

BaBar: experiment optimized for CP violation, measurement of angles and sides of the CKM
matrix. For comparison:

“Observation of CP violation in the B meson system”

Phys.Rev.Lett. 87 (2001) 091801 720 citations
e-Print: hep-ex/0107013| PDF
Experiment: SLAC-PEP2-BABAR

The more a paper is cited,
the more the topic is challenging!
5
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http://arXiv.org/abs/hep-ex/0304021
http://arXiv.org/pdf/hep-ex/0304021.pdf
https://inspirehep.net/search?ln=en&cc=Experiments&p=119__a%3ASLAC-PEP2-BABAR&of=hd
http://arXiv.org/abs/hep-ex/0107013
http://arXiv.org/pdf/hep-ex/0107013.pdf
https://inspirehep.net/search?ln=en&cc=Experiments&p=119__a%3ASLAC-PEP2-BABAR&of=hd

A) jULICH

FORSCHUNGEIENTRUM

My original plan:
- to work on D_(2460) and D (2536)

- check the analysis strategy on Dso*(2317), for consistency

\/

Since 1 year | have been working on the D_ 0*(2317)

|

This is the first full simulation performed with pandaroot on Dso*(2317)
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D_meson spectroscopy at PANDA  LJ YNl

E.P., arXiV:1410.5201 [hep-ex]; EPJ Web of Conf 95 (2015) 04052 HESEHENESEERTRUN

|

[\
(=}
=]

5.

. Measurement of the width with mass scan 13

. Mixing between D states with same J”,

s pp—D_D_®

%1305—3 states included in this simulation: D J|2535) s Recoil mass of DS_:
=" ED_(2317), D_(2460) and D_(2535) . . .
gleo__T;{(UTH ?VI A;E:HE[; VALUES — improve mass resolution and efficiency
E - I I . H
140,250 MeVic D (2460 < pa .@d &+ D_, reconstructed exclusively
ok D (2317) o to evaluate the width
°E s [ s Bkg cross section > thousand times
o than expected on signal
60—
40:— * - -
= T F ) ) D (2317)" simulation
20— %SDO‘_— Fit to Sig. events
{:'2:”4”A"Mu;dﬂ11““r|‘h 22 25 Tza 25 Tze 27 o as % -~ Sigrcomb bkg e o
. : : . : 6 : - B L RMS 0.01624
+ Goals e Cpanda A
1. Cross section measurement in pp 400 e T oo

(unknown, difficult predictions: [1-100] nb) NG dedicated selection:
only vix fit + p___ selection

and the excitation function of cross section 200

100

e.g. D_ (2460) and D_ (2535)

Chiral symmetry breaking, involving very precise® &5 "2z"" 55" 25" t@ 24 24 25
DS- missing mass: DS(2317)+ [GeV/c?)
mass measurement: D_ (2317) and D_ (2460) can Fmass DR

be interpreted as chiral partners of the same heavy-light system
Study of the invariant mass system D_D_" ,
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DS recontruction: Dalitz model JULICH

EPJ Web of Conf 95 (2015) 04052 HSEHENERERTRL

PANDA
DS DALITZ 2

14400 events
L.Cao

P
—
| ]
(&)

n
m?(K-n*) (GeV/c?)?

m2(K*m) (GeV /c*)

0.5

0.5

1 1.5 2 2.5 3

| 1.5 2 2.5 3
m2(K*K-) (GeV/c?)?

m(K*K') (GeV */c*)
See poster session @ ICHEP 2014 (Lu Cao, selected poster on 15/234)

Realistic MC simulations!
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D_recontruction: Dalitz model gEJJ

FORSCHUNGEIENTRUM

2 s0E - L uoof 3
o L :
- . 1200 =
O 100 = ~) - ]
=" I m :
% 3000 E % 800 =
= - . = r T
£ 2000 ] S 600f =
5 - : 5 - .
- - 100 =
1000/ = - ]
= JJ‘ 3 200 —
- T o : ] ] C ]

0—— 1.2 I 16 I8 2 0

My [GeVI/c?

s D7 —-K'K7
s Several structures inside the Dalitz plot: this is not smooth PHSP!

s K'K~invariant mass will be restricted to the ¢ signal area

=P consequence: efficiency decreases ~ 3 times; but bkg drastically reduced
9
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¢ signal area q) JULICH
C\E EI o o | B o I+| o | - o IE Z?Omed
L _ iqgure
% 250 + ] ’
= F - -
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S 1501 ‘¢ ¢ -
> B + B
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100— + + -
B + + _
501 :+ +ﬂ'¢¢ —
E . - ’_|_J¢N.l‘“.¢“¢;
§98 " 0.99 10l 102 103 104 105

My [GeV/c?]

DPM bkg scaled to arbitrary number: it is linear
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Width of the D_'(2317)" with PANDA J NIy

FORGLHUNGELIENTRUM

s D_*(2317)'> D1

- et
1. /T =100 keV T T L
60| i 60, sof 60 i
. AT £ i 0 What do we want to measure?
ol o e e ke s e e oesabs v e ke aes s e e e s e sk ko H OW?
C |:l anda
I
M, = 2.0 GeV/ R —
- dp/p=1e-5 r=1.0MeV

PhD theS|s I\/I Mertens based on TovMC stud|e<

s PDG: [ <3.8 MeV at 95% c.l. wl l
s Excitation function of the cross section®: 20 | / ]

d : l /\ \/ )'\ — & 0-1-0_ l5 l 0

& = ¥ :

7 (0) = ”“R M2 A =s—2m_ pp —D_(2317)'D (2317)
(*) easy formula, assuming identical final states: pp— D(2317) D(2317)* 11
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A) jULICH

FORSCHUNGEIENTRUM

First question:

What is the formula of the excitation function of the cross section
when the final state is composed by 2 different particles?

Ongoing discussion since February 2015 with theorists:
the calculation was done again.
The difference is not too big, due to the similar mass values of D_and D (2317)

mR/2 w MR I\/|D32317/ (mR + mD32317)

0.9921 1.0316

This calculation is only related to the term in front of the matrix element

12

Mitglied in der Helmbolte Coamainschaft

E. Prencipe



Width of the D_(2317)" #) J0LiCcH

FORSCHUNGEIENTRUM

pp —D(2317)"D_, D (2317) —»D_n’

A
1 1
““MFVQ#F*—X/@ g \/()\+1)%—(:r.+1)%
Vs 2?4+ L
—00 m
I'™* = width of the D_ o D‘;S\(2317)
I = width of the D _(2317)
=
. MMpsg ~n MMps o]
p= m+mps /s

.-t"/;

A
)\ A2 _JLIEJ'SQ.?JT

M %5231? / \
)
(9
A

« Calculation is performed in absence Further checks
of interference effects are ongoing...
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Interference effects: graphs !) JULICH

FORSCHUNGEIENTRLUM

How the formula changes in case of interference in DS‘DS+75°?

: B - T
P ) < Py
i - = B —_hhq-“‘\.\\\: _z.-’f B h
\ - 4 ,//; -+ .9 ; ;
A B

D7 D*,(2317)" and DI DZ)(2317)~ systems decay to D; DIz’

(2317 - 135 - 1968) MeV /c?=214 MeV/c mmp L )

v -
D (2317)" Yo — >
° 14
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A) JULICH

FORSCHUNGEIENTRLUM

oot [ dE 1 5O -1 B+
INAE ~§) +iMT* 2M¥(E -

15| =

)+ i)

]

K

s In case interference enters in the calculation, it is challenging to extract the width
of the D_’(2317): no clue from theorists

s \We assume interference does not occur: how can we justify this assumption?

15
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Interference effects: question f) JULICH

FORSCHUNGEIENTRLUM

Do D_'(2317)" and D_" interfere, in Ep—>Dso*(2317)+ D_?
NO, because they have different spin parity, and
NO, because PANDA is a 4r experiment

BUT....

“when you will run real data, you will see: you must cut at some angles,
because of nasty noisy low energetic photons. This might lead to an interference effect.
Nobody studies those effects up to now.

Are these effects studied somehow in PANDA?” (A.B.)

1. We reconstruct D_(2317)" on the recoil of D_;
2. We have studied possible interference effects in the system DS‘D;n0

16
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Interference effects: D *D "z’ Dalitz [ J JIINy

FORSCHUNGEIENTRLUM

pp —D (2317)'D_", D (2317) -D_ &’

Interference occurs it~ m(DF7%) = m(D7 7%= m(D*,(2317))

v/s; and y/s,:the higher and lower energy limits —» Interference occur!

4::. 5.|':_| LA IR B B I__I___I___I_.__l__,l I.I .“|_: 4_;:‘ 5.5__' L T T T T T ',__ 13 13§L""I' T T T T
NEE‘ NEEK 55 S // . = T.:”Ex 9_ E
7 3 - i St b= -
i 6F- 3
b ,// & : it E
. -1!5 EI : 5!5 EIS 6.5_ I1-1 5 6 7 é é IID Ill Il2 1-5
mf}; a (GeV?IcY) mﬁs. E (GeVeicY)
(b) /s = 4.500 GeV (¢) /5 = 5.500 GeV
e /s < /s,: no interference ,/ — /Sih= 12.027 MeV
e /s, < /s < /sy: interference can occur
e /s > 4/s,: no interference VSy = sy = 6.777 GeV
N
Interference in our case does not occur [4.28629 -4.28699 GeV] 17
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Technique validation A) JULICH

FORSCHUNGEIENTRLUM

“How can you be sure that the shape of the excitation function of the
cross section will be not affected from any interference effect?” (A.B.)

1. We study a final state composed by particles with different spin parity.
2. In the DS+DS‘7cO 3-body PHSP no interference effects occur, in the energy

range under study [4.28629 — 4.28699] GeV.
3. We will measure the excitation function of the cross section of DS(2536)+,

in the process pp— D (2536) D ; this is know and measured (PDG).

I = (0.92 +0.35) MeV

Ir we can confirm this PDG measurement, this channel could validate our proposed
technique, on data, and the measurement of the Dso*(2317) width is believable.

18
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...on the pp coupling A) JOLICH

FORSCHUMGEIENTRLUM

“How do you perform your simulation?
Did you study different couplings to the pp system?”
(from several people in the audience)

1. A full simulation pp —>DS(2317)DS in PANDA is ongoing (S-wave: spin = 0)

2. Tracking, PID, full detector geometry is in this framework
3. Different couplings to the pp system have been under study: this can affect of course
the shape of the excitation function of the cross section

BW _resshape_ldecOlprod5
M T BW._resshape_ldecOlprod5 - p - p

as we run at the threshold production of the
DS(2317)DS system, we assume that spin-0 BW._resshape_idecOiprods

or spin-1 can be the only cases that can
occur. It is a reasonable assumption.

Courte

of B. Kopf
ﬂ

BW _resshape_ldecOlprod3

BW_resshape_ldecOlprod2

p € [8.80235 (threshold) — 8.80557] GeV/c

BW_resshape_ldecOlprod1

BW_resshape_ldecOlprod0

D_ + D (2317) = 4.28629 Gev/c’

0.2

Spin
L L L L ‘ L L L Il | L ; ; | | | | | | |
£27 2.28 2.29 2.3 2.31 2.32
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Theoretical cross section estimate !) JULICH

FORSCHUNGEIENTRLUM

[ T T T T I T T T T I T T T T | T T T T
- =ssm Baryon exchange — g
i i Iy J pp - DS DS 1
1(;.']-5- iie=  Quark model =
— 10k -
- = E
= .
s 1 ~20 nb
o)
10-2 3 _E' 10 nb
107 = :
L L L L I '] 1 '] 1 I 1 1 1 1 I 1 1 L L
7.0 7.5 8.0 8.5 T 9.0

P, (GeV/c)

J. Heidenbauer, G. Krein, Phys. Rev. D 89, 114003 (2014)
Hypothesis: SU(4) symmetry is valid
Nothing is known about D_(2317)

Assumption: 1<c<20, p >8.80225 Gev/c
20
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A) JOLICH

FORGCHUMNGEIENTRLUM

“Do not take it too simple: this analysis is complicated!” (A.B.)

We do not

21
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Strategy A) JULICH

FORSCHUMGEIENTRLUM

. (semi)inclusive analysis Single tag mode
e Dbeam =>8.8 GeV/c. 8 scan points!

DPheam = 8.80235 GeV/c, My, = 4.28629 GeV /c?
. Geant3

Monte Carlo (MC) generator EvtGen: 200k signal events, each scan point

Dual Parton Model (DPM) : 40M bkg events

reconstruction chain under study is pp — D D*,(2317)7
DT — KTK—7~

model used to simulate D, events: DS-DALITZ

PandaRoot release:oct14

PID: “best”

* Fisher, Likelihood or Neutral Network discriminant to suppress the background -
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D_'(2317)" as recoil of D_

A ) JULICH

FORSCHUNGSZENTRLM

—_ - — f— 350_ IIIII I I T T T T T T T T T T 1T ]
TE 4005 E T;-j - 2 [ ndf 5049730 [
—_ —_ - - Constant N73+6 [
>ﬂ_.| E E "qj SDD:_ Mean 2.317 + 0.000 E
E 3502_ = E 250: Sigma  0.01456+0.00019 []
S WE E o E g
F 250F = 7 200F =
= - 3 = C -
S M E 2 1505 E
= 1s0f- 3 = .
E = 100 —]
100 = = .
50 F- E 50 E
E 1 | 1 1 1 1 | 1 1 1 I 1 1 1 1 I 1 1 | 1 1 1 E : IIIIII :

'}.8 1.85 1.9 1.95 2 2.05 2.1 Q.z 222 224 226 2.28 23 232 234 2.36 238 24

D, resolution [GeV/c?| D.(2317) resolution [GeV/c?]
DT — KTK—7~

s Mass resolution: 14.56 MeV/c?

s P__Isfixed. No smearing in pandaroot:

some studies presented at Coll meeting Mar2014 when applying smearing
Ap/p ~ 10* )3
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A ) JULICH

FORSCHUNGSZENTRLM

Interesting variable: AE

ETTTT TS > F
SUD'D:— = T 24000
ot SIG - =3
2500 - = ?E E

c 3 T 22000
2000F- = 2 =
lﬂm}f— _f zmu-u;—
1000~ 3 20011-&2—
5”“';— _; 19000}

L T XA VR Y T RN TR " B T Y 1S Y 1 W Y A 1
A E (Ds) [GeV] AE [GeV]

= Difference between the energy of the D_in the c.m. and its nominal value
s Expected a distribution centered in O.
i

Double gaussian parametrization for signal; polynomial for bkg

24
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Interesting variable: D_+ D (2317)

A) )0LICH

FURGGHUNGEIENTRUM

&m0 ! A
;}u 1200 -
=5, ]
< 1000 | ]
= B _
_Q"_": : A
2 800 SIG ]
= o .
600 =
100~ 4
200(— 1
L IR
AP.ZE 4.265 4.2 : 4728 4.2352
Mp, psary) [GeV/cT
In ; f This is
— S simplified for
dm  (m2 —m?2)2 +m% x G2 ~ spin=0
2 212 1,2 212
q = |m” — (mps+mpse3in)°|* - [m* — (Mmbps — Mps2317))°]
| B iq mp Oy —
G =[G(R) x 35 - 5] R = resonant state = DsDZ;(2317)

25
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o
=
=
=
=
o
S,
%
=
Q
>
R

Events/5 [Me‘v’fczl

DPM

Events/0.3 MeV/c?

0
4.1

1 11 1 1 | | {]_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 |
412 414 416 418 42 422 424 426  4.265 427 4275 4.28 4.285

%}

Ds + Ds(2317) inv mass [GeWcz]

Ds + Ds(2317) inv mass [GeV/c

After selection, bkg scaled
ARGUS is used...

E. Prencipe

1 | 11 L1 I L1 1 1 I 11 1 I
4,27 4275 4.28 4.285
+ Ds(2317)+ [GeV/c?]

Covv v b v by v by
425 4255 4.26 .
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Interesting variable: Fisher discr.

TMVA overtraining check for classifier: Fisher

ol
2]

(1/N) N dx
“a

[
P wn

-
(5]
TT

=
n

TMYA

T T T T T T T T T T T T T T
. SmaF(BfLur:pIe.l I . kgnaf.[’!m.lrirgsmphl
m Backgmund {test sample) * Hackground ftrainig sumple)

-
TTTT

[ Kolmogorov-Smirnov test: signal (background) probability = 0.011 (0.003)

0.z
Fisher response

5 variables:

D, mass

B vl iy by ana ds
L0 -Row (5, B): (0.0, QLOYE | (0

0, 0.0)%

TMVA overtraining check for classifier: Likelihood

{(1/N) dN fdx

]
7
[
]
4
3
2
1
0

TMVA
’ Ig‘!mJJ;BIf!SMEJI L | TT I. T S&gllarlﬁlnil:”lglsalﬁ‘;b:l | TTTT E
m Backpmund test sampla) * Hackgrownd traging sampls) =
:_Itnlrrnguwvémim test: signal (background) probability = 0.218 (0.034)
= = et il e T
0.5 -0.4 0.3 0.2 0.1 ] 01

H
0.2
Likelihood response

AT ENEEE AR E AR
10-Row (5, B): (0.0, LOFE [

0.0, 00

(1/M) dN fdx

TMVA overiraining check for classifier: KNN

40
3
30
25
20
15

10

5

0 et P L R
01 02 03 04

absolute value of the cosine of the polar angle of the 1),

absolute values of the cosine of the angle KTk~

absolute values of the cosine of the angle Ktm—

e

absolute values of the cosine of the angle K—7m~

TMVA
‘Ig:grlnllrl:léfl’?)’uljel'll T I TTTT T I'I ID Ia:rlr:!r,:# Iﬂ‘éslﬂl éJI TT | TT I:
Backgmund (test sample) * Backgmind {rading sampfs)
[ Kelmogoroy-Smimov test: signal background) probability = 0.006 (  0)

1
KNN response
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6 (0.0, 0,005

LA fow (5,8): 0.0, 00



Input variables of the Fisher discr.

Input variable: mD

Signal' |
Background

(1/N) dN/0.00412 GeVic*

WIO-flow (5,8): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: cosKK

4.5

4
3.5

3
2.5

(1/N) dN/0.0256

WO-flow (S.8): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: AbsCosthetaCm

TR —H
ﬁ 1.4 -
i C ]
2 12§ -
=

]

2

= 038

UO-flow (5,8): (0.0, 0.01% / (0.0, 0.0)%

0.2 04 0.6 0.8 1
AbsCosthetaCm [F]

Input variable: cosKkmP

3F
25F

2F

{1/N) dMN/0.0256
UO-flow (5,8): (0.0, 0.00% / (0.0, 0.0)%

1.5 F

1F

0.5 H
!

0.8 1
cosKmP

Input variable: cosKpP

A) JULICH

FORGGHUMGEZENTRLUM

E 12;'I""I""I""I""I""""I""I""I""I
‘g 10F §
S g
2 & =
T sf %
'F a
2k :g'
: g
0 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
cosKpP
Input variable
distributions
28
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Interesting variable: Fisher discr.

Correlation Matrix (signal)

Linear correlation coetficients in %

100
cosKmP 80
60
cosKK 40
20
cosKpP
-20
CosthetaCm -40

-80

mD

-100

A) J0LICH

FORSCHUMGEZENTRLUM

Correlation Matrix (background)

Linear correlation coefticients in %

100

coskmP | - 80
60
cosKK . : 40
20
cosKpP [ . 0
-20

CosthetaCm =40

-60

mD - - - -80

-100
n
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#) J0ULICH
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Fisher discr.: bgk-sig rejection power

Background rejection versus Signal efficiency

FMVA

0.9

0.8

0.7

Background rejection

0.6

™\
\ N

0.5

/
L

/
¥

0.4 izt Memlva:
Likelibpod

s | Fishher

"

0.3

"

u-EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

01 02 03 04 05 06 07 08 09
Signal efficiency

=
-

F = 4.293-mp,+0.014-|Cos6]+0.195.|Cos KT K~ |+0.217-|Cos K+~ |+0.776-| Cos K7~ |

Optimized cut: -0.038
30
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#) J0ULICH

FORSCHUNGEZENTRLM

Fisher discriminant (2)

(Input variatie: m0 It variatie: casipP

y :mm TP
o ] Bl g : E :
L I 2§ = i
-i 15k :5 5 E Bl Y 5
g {: i iH
= E 1 1
[ i H ; i
I - I

|:II.I i3 14 15 18 1.7 18 19 12 uﬂji i 485 0.7 0.75 08 Q&5 49 0.9 |
mD [Gevic'] cosspP
el
E 1 1 L] ] I: E i :I-
o § @ &8 4
% : & 0 1:
z 2 g e E
< £ S s B
g ! Bl
5 1 {a
L] 3 .'E
1 i
a i a
Enlarge selection cuts, then train the Fisher method
31
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A ) 0LICH
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Fisher discriminant (2)
—

Background rejection versus Signal efficienc
g je ig Y TMVA

e 1r e sssmsee s snnn nnnns BN SN Nup s nl LS KA ! ; e e S N
i m ; : . ' 1 = m é : . . ' : -
g o09f R R e e e :
T Bkg: no weight 7 @ £Bkg: weight 100 .
T 08F - B e R B E
s 15 ;
S 0.7F 3 £ 07F .
.‘? - 3 .'? c 3
§ 0.55 : § u.aE E
0.5 ; ; 0.5 ; ;
0.4 f M'I;'A Men;m.r f 0.4 f M'L;A Mef}x-u.r! f
E Lr.ﬁffrhrmd E E Lriffrhrmd E
0.3 = —'— F'n'f:e'r i 5 | | 5 : - 0.3 = : : f‘”ﬁfr: : 5 5 5 : : J
e e e R T ¥ M Y- Y- - -
P — . : : ","F,‘?_ Signal efficiency
T oof ] :
2 f 1 Samples: signal (200k), bkg (20M)
E ' F I R \ Bkg cross section: 57 mb (elastic + inelastic)
S 07F E— . : .
% O Bkg: weight 1000 k DPM filtet: at least 3 charged tracks:>
2 %°F i 100/270 events pass the filter=
0-SE - 108M equivalent bkg events
0.4 |- Mv.q. Mer};;()rt =
- L:.ﬁehhmxi -
0.3 C : 'F”‘r“-’" ; : ; i : ; ]
1

(=]

01 02 03 04 05 06 07 08 09
Signal efficiency 32

E. Prencipe PANDA Collaboration meeting — Charm — 9.9.2015




Selection

#) J0ULICH

FORSCHUNGEZENTRLM

Selection cut oc=20 o0=10 o0c=5 o0=2 o0=1 signal signal
(bkg) (bkg)  (bkg)  (bkg)  (bkg) events e (%)
pre-selection 1.2-10  2.4.10" 4.5.10" 1.2.10" 2.4.10" 36478 (18.2340.09)%
|IPOCA radius| <0.1 9.0-10° 1.8-10"° 3.6-10' 9.0-10'° 1.8-10'" 24463 (12.23£0.07)%
IPOCA z| <0.2 7.1-10° 1.4-10° 1.9-10'° 7.1-10"° 1.4.10"" 20214 (10.11+£0.06)%
Mg Ds(2317)>4.25 9.2:10° 1.810° 3.6.10° 9.210° 1.810'° 19815 (9.9140.06)%
JF>-0.038 6.7-10° 1.3.10% 2.7-10° 6.7-10° 1.3-10° 18301 (9.15£0.06) %
> |AFE|<0.04 8.6-107 1.7-10% 3.4.10° 8.6-10° 1.7-10° 16866 (8.43%£0.06)%
Ipi|<0.1 45100 9.0-10" 1.8-10° 4.5:10°% 9.0-10% 16549 (8.27+£0.06)%
1.92< mps <2.01 41107 8.2:10" 1.6-10° 4.1-10% 8.2-10% 16549 (8.27£0.05)%
Pt (Ds)<0.2 2.7-10" 5.4.10" 1.1-10® 2.7-10° 5.4.10° 16547 (8.27£0.05)%
»1.004< mg+r- <1.04 49346 98692 197383 4.9-10° 9.9-10° 4536 (2.274£0.05)%
s Preselection:
P, cut, POCA volume, Kin fitter
_ _ Signal box: M(DsDs2317) > 4.282 GeV/c?
= Background Is scaled assuming Only 5 DPM events survive/ 40 millions
a signal cross section = 20 nb 1

s ¢ mass resolution: 5 MeV/c? S/B ~ 1/110 (rescaled to 19mb DPM equivalent)
' 33
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A) j0LICH

FURGGHUNGEIENTRUM

Check: background samples

Table 5: DPM consistency check. Selection (1) shows the number of events, surviving to
the pre-selection, before the \? cut is applied. Selection (2) shows the number of events,
surviving to the pre-selection, with Prob(y?)>1%. The first skim column shows the
efficiency of our pre-selection skim. The skim column with mass cut shows the efficiency
of our pre-selection skim, with the additional requirement that the invariant mass of the
KTK~7~ system (i.e., mp_) is restricted in 500-MeV-window from the ), nominal value:
im5e> — mpPe| < 500 MeV /2.

Sample ID  Generated Selection (1)

Selection (2) skim efficiency () skim efficiency (%)

events (with mass cut)
A 5 143 500 1927 141 663 512 13% %
B 4966 000 1675 052 614 790 12% 6%
C 2922500 1343 355 362 683 12% 6%
D 1 633 000 329 520 210 494 13% ™%
E 5 263 000 2 375 941 841 939 16% 8%
F 4968 000 1 738 805 552 794 12% 6%
G 4761500 1733178 556 487 12% 6%
H 1 489 500 509 402 163 845 11% 6
I 4032 500 1 358 953 514 964 13% %
L 5439 000 2077 698 673 414 12% 6%

2.8M skimmed over 40M DPM events, with our pre-selection!
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Preliminary mass fits: SIG + BKG O JULICH

FURGGHUNGEIENTRUM

o3 6000 ~ E
-~ = "o 4000
E 5000;_ E 35002—
E 3000;— ?:E; 2000;_
2000 - 1500
- 1000F-
10005— 50[)§—
P56 1266 427 125 18 P55 4265 a2 4z iss
m(Ds + Ds(2317)) [GeV/c?] m(Ds + Ds(2317)) [GeV/c?]
(a) input & — 20 nb (b) input & — 10 nb
v
= 2500
£ -
S 2000 Threshold distributions, after selection
2P -
>z ~ .
= 1500 Assuming: S/B = 1/12:
= -
= - .
10001 For ¢ =1, or 2 nb, not feasible
sooF- Need to study a better strategy
- o= 5 nb: challenging.... | in these 2 cases.

P76 1.265 127 1275 428
m(Ds + Ds(2317)) [GeV/c?] -
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4D-likelihood fit A) 0LICH

FURGGHUNGEIENTRUM

The signal-bkg discrimination, in case of o(signal) =1, or 2 nb, is not good.
We propose a 4-Dim fit, writing likelihood, build with AE, F, M, ¢

'.— u.z_l .l-_‘ L—! D_E_Illllllllllllllll|||||||||||||||
=~ F = £ F
3 0I5k Z % 0F
—_ C B [, C
R} | 04F
<] {I-.UI:E— 0.2
= =
005F 02
U= 04F
D15 -ﬂ-.B:—
P T A U T O T I 0 _ﬂ_%'...|...|...|...|...|...|...|...|...|... 0
'&HE 0.99 ] Lol L2 103 LM 5|:,5 .1 -0.08 006 004 002 0 002 0.04 006 008 0.1
m. [GeV/efl SIG AE [GeV]
— M IR I | — 105
- F = [ % O F - -
T - u — E
S 2 f T
@ 005 05— 2 é £
= - i . o ~ 1mE
L | L .o Y
of - = :
B - - C 101
003 sf I
- 098
C C 1 1 1 ! ! u
0475 265 757 TR ¥-T R ¥ A% iz 4@ 4B i 128 ¥ Y B T T 4_2'35,

m,, [GeWcE] m,, [GeV/c?] m,,, [GeVic]

Need to parameterize the sig. and bkg. variable distributions! 26
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@ mass parameterization for the 4D-fit O JULICH

Events/0.8 MeV/c?

FURGGHUNGEIENTRUM

C ™ T T l :“15_: 70 -
250;— E ﬁ_— =
200 a1 =
- BZ =
150 s IF E
- = F
: @ 3f
100 .
C 2:— e
50— =
E ]_:—qll | |
IEE;IE_. U"Ir]g 1 I I][l]lI B IIEI]ZI' B Illl]l’ln a Illl]-flI B Il.l]5 o i - 41-.l;1I -ll.lﬂlzl "'1.:}3' — J1.64 - I]--.[]5
m, (GeV/c?] m, 1GeV/c?]
Parameter Signal sample Background sample
Ty fixed to 1.01945 GeV /¢? -
oy 0.0247 & 0.0036 -
['y 0.00438 4 0.00035 -
o - 1.67 £+ 0.09
37
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F discr. parameterization for the 4D-fi f) JULICH

Events/0.014

FORSCHUNGEIENTRUM

- SEY E
400 - s 7 I E
| = i T
2001 3 40 i'Ir' i E

: %0 g 1 E
100~ — 20 ,-.._!"‘-f' / i =

E () | | - E-l' B N E

0 -0.4 —D.ZI | 0 ~ Il].ZI | Iﬂ.ﬂll | Illﬁl 0.8 0 —.4I | I—[II.ZI - [II - IG.IZI | I[l.lﬂlI | Il].lﬁvI - .3
Fisher discr. Fisher discr.
Parameter Signal sample Background sample
T 0.406 £ 0.023 0.385 £ 0.012
To 0.4632 £ 0.0051 0.200 £ 0.018
o 0.600 £ 0.080 0.098 £ 0.083
09 0.068 £ 0.021 0.185 £ 0.051
[ 0.143 £ 0.015 0.1227+ 0.0091
[ 0.0925 + 0.0019 0.268 £ 0.014
fraction 0.396 £ 0.049 0.392 £ 0.038
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Events/2 MeV

AE parameterization for the 4D-fit f) JULICH

FORSCHUNGEZENTRUM

% - ]
= S0 =
z wf !1 -f
- g Tt W
B SN 1l
20 .r--‘l B
T z
--Ilr"l‘i e
—Djl —'J.UEI - 0 — IU.l]5 [;.] PO.II — I—I].IDSI - II] — II].II]5I — l]_.1
AE [GeV] A E |GeV]
Parameter Signal sample Background sample
T (-1.3 & 1.6)10~3 -
T (-1.11 £ 0.78)1073 -
o 0.01299 #+ 0.00020 -
09 0.0372 £ 0.0010 -
fraction 0.772 + 0.013 -
Do - 3.95 + 0.29
2 - -44 £+ 4
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Mass parameterization for the 4D-fit [/ JIURY,

FORSCHUNGEZENTRUM

f\b IUUI:]_I T T T T | I_I {\'J_' 3[}_
S - <
2 B H ] z 25
g 30':]_— ' 7] = E |
g B i L:“'Lz 20—
= 600|- = = Tt
= B T = C
i b | =15
400 | -
i . 10}
200 — -
; E 1 i
B 1 | | | | 1 1 I-l . - L | 1 | | 1 N E
“926 4.265 ;iZT 4.275 4.28 4.285 D||||I||||I||||I||||I||||I||||I||||I
2 425 4255 426 4.265 427 4275 428 4.285
Mps ps(z317) [GEV/CT] Ds- + Ds(2317)+ [GeV/cY
dn. q ARGUS: c =98+ 7

dm  (m2—m?2)2 +m% x G2

Mystem (4285.670 4 0.013) MeV /c?
[system  (0.894 £ 0.026) MeV o
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4D-fit: likelihood A)0LICH

FOREGHUNGEIENTRUM

s A likelihood function is built, with ¢, M, F (5 variables), AE

£ = 'P(J\T) X
Hiﬁsigp SIG’('T”’;- 'miDstzswa . ﬁEi) S E

T GDPMPDPM(?”-C;): Mpepsazirs & s ALY)

s 2 hypotheses: 1. signal, and 2. DPM bkg
s 4 variables

r e N¥Xn; r : :
P(N) = —Fx7=- (XN;)N Poissonian prob. to observe N events

41
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Fvenis2 [ MeV|

Events 1 [MeV/e']

GODD

S000

4000

3000

2000

1000

11 [ A
0oE 008 ol

AE [GeV]

T
m, [GeVic

Fvents!|

Evert s300 kel

4D-fit: likelihood projections

GHH

5000

4000

3000

Input signal: N = 4401; measured: (4621 + 85)
Parameterization is fixed; signal and bkg events are floating

A) )0LICH

FORGEHUNGEIENTRUM

Does it work? ToyMC study is performed, assuming S/B = 1/12

" " L 1 " " "
0.2 0.4 Y 0.8
Fisher discriminant

._-.IIII| II|IIII|IIII|IIII|IIII

e

m(Ds + Ds(2317)) [CaVic]]
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Mitglied in der Helmbolie. Camednechalt

A) j0LICH
What happens if S/IB = 1/1107? FORSCHUNGSZENTRUM

"_'T o —
. - o
| E
S ;
¥ -
. -
D s
1000 -
500 |
L L I L L
1 1 [T 18
AE [GeV] Fisher discriminant

3500

000

F50

F

Favents/1 [MeV i)
Ewvents'300 keVWc®

1500
10040

5

T e T T ¥ F] I ¥
m, [GeVic’] m(Ds + Ds(2317)) [GeVie]
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A) )0LICH

FORGEHUNGEIENTRUM

Vertexing

NOT GOQOD! Can we improve S/B? YES: VERTEXIG and TRACKING
s Signal efficiency is low.

s Problem: degraded vertex resolution

In the studied selection: S/B = 1/110 (analysis not feasible!)

If S/B ~ 1/10, analysis feasible (a factor 10 missing...)

1
g

E- T Ii X EIUHDD—”I { 7 = AR Z
U - U u L
‘_'1 ono0+— Entries: 39360 et Eririzs 39960 ‘E' - Enries 19874
m u o™ o 8000
P o Mean 00001242 g R000 Me 00009339 g L Mean 003521
E 8000 R 0.08785 (=} M AzE = - RMS 0.3504
a i 123413 E G000 2t ndf 6413 2 6000~
= G000 = = - o fndf 5317
g Cormsant 1.146es0d £ 45162401 T Constant ST61+E16 g r
[ m} Mesn 00001026+ 00001258 = 4000~ ¢ o
1000 Mean 00001231+ Q0001062 40001~ . C Mean 003037000051
Sigma 0018444 0.00012 r g OGS D04 B )
- = r 1 r Sigma 007681 + 0.00057
20001 2000 LA ] 2000
T JL | Ll n'.._.J..-l-..l..u#J.l.. ol | I ! o
1 U 8 06 [J 4 -0.2 0.2 U i ﬂE l -1 08 06 04 02 0 02 04 06 08 1 2 -lh 1 05 0 0.5 l 15 2
POCAx [cm] POCAY [cm] POCAz [em]

s Vtx resolution much larger than expected. If we could cut X, y, z <100 um, 0 DPM
events survive over 40 million. Need much higher DPM statistics to study the problem.
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A) )0LICH

FORGEHUNGEIENTRUM

Tracking

GENFIT2 GENFIT1
Efficiency vs pt, pion, g = 60°
glﬂﬂ_ ; 5 5 5 —~100 :I-DR
N | | | | 2\3 =
T R SR S SR g 90
2 aF - 3 gof .
s '_._' : : : : f—_’ - /4<7\‘
0F é Tl - { é‘ A
" 70E 7\\\]
605 v
. 50
wf a0-
s 300
- s s s AN
201 =2 = : 20F
- Efficiency in u+3c - o
10: | 10F —e— Efficiency in p + 3¢
0: d—i { | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 = H H
{]' 0.2 0.4 0.6 0.8 1 0T|||||||\|||||||||||||||||||||||||\||||||||
pt [Gevic] 0.1 0.2 03 04 05 06 0.7 08 09 1
Momentum (GeV)
Great
improvement
for low
momentum
tracks!
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Courtesy of S. Spataro: genfit tests
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JULICH

FORSCHUNGEZENTRUM
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Expectations with PANDA A) 0LICH

FORSGHUNGEIENTRUM
+ General remarks: - stRUTH

(3]

® analysis proposed: single-tag mode (D_" is tagged to K'Kn); WORK IN PROGRESS
@(semi-)inclusive approach;
® unknown cross section, but ¢ expected in [10-100] nb;

s @ if £ =100%, in PANDA = 0.864 pb*/day N = - ¢ -¢ € [864-86400]/day
© but we need to scale by BR(D_ —KKm) = 5.34% = [46-4610] D_events/day!

s Specific simulation of this talk: Pre-selection T
s Proposed 15 scan points; J

assuming ¢ = [1-100] nb, € = 17.5% and 7= 0.864 pb*/day,
D™ - K'K™n™ only (PID, vertexing, tracking, dedicated selection)

BR(D, ~KKn)~5.34% = [8-807] eventsiday

@ For comparison, at B factories:
BABAR: in e'e” —ccX, =91 fb*, 1267 D (2317) selected,

BELLE Il (future): expected on /=10 ab™ 87 000 D _(2317) in 2020.
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Expectations with PANDA A) j0LICH

FORSCHUNGEIENTRLUM

Table 8: Sensitivity study to evaluate the number of produced and reconstructed events
per day, for different input cross section values. The calculation is done in the assumpion

to run in high luminosity mode (HL, £ = 8.640 pb~! /day) and high resolution mode (HR,
L — 0.864 pb~!/day). BR(D;— KtK~77) — 5.34% [10].

Input ¢ Produced events Produced events | Reco. events Reco. events
(nb) per day (HL)  per day (HR) |per day (HL) per day (HR)
20 172 800 17 280 203 20
10 86 400 8640 103 10
5 43 200 4320 52 5
2 17 280 1728 20 2
1 8 640 864 10 1

62 days (HR) to reach what BaBar achieved in 4 years (¢ = 20 nb)!

48
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A) JULICH

FORGGHUNGEIENTRLUM

s General remarks: _

® analysis proposed: single-tag mode (D is tagged to K'K™n);
@(semi-)inclusive approach;
® unknown cross section, but ¢ expected in [1-100] nb;

s @ if £=100%, in PANDA 7= 0.864 pb*/day N = - ¢ -€ € [864-86400]/day
© but we need to scale by BR(D_ —KKm) = 5.34% = [46-4610] D_ events/day!

s Specific simulation of this talk: ﬂ Pre-selection T
s Proposed 15 scan points; ‘

assuming ¢ = [1-100] nb, £ = 18.23% and = 0.864 pb'/day,
D™ - K'K™n~ only (PID, vertexing, tracking, dedicated selection)

BR(D, —~KKm)~5.34% > [8 - 840] events/day

s |f e = 2.3%, then [1-100] events/day

@ For comparison, at B factories:
BABAR: in e'e” —ccX, =91 fb*, 1267 D (2317) selected,

BELLE Il (future): expected on =10 ab™ 87 000 D (2317) in 2020. 49
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A) JULICH

FORSCHUNGEIENTRLUM

In the PB (2008), € = 20% using a pre-selection similar to that of this work.
| obtain since 1 year, in several pandaroot releases ~ 18%

Then, | have worked hard to fix a selection, to bring S/B = 10°, 10" to S/B = 10~

This selection lowers € to 2.2% (still best D_candidate not selected)

How is it possible with only a pre-selection to suppress S/B = 10°, 107?
My understanding: it is not possible!

A dedicated selection has to be performed

Window of improvement to decrease B: vertexing

My understanding: good vertex resolution definitively needed to suppress B!

— then the analysis is feasible

50
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Ongoing study: systematics [/ JU

FORSCHUNGEIENTRLUM

e indetermination of the model

Simulations with pp system spin =1 are performed;
Simulation with a resonant state in the DsDs(2317) invariant mass are performed

e tracking
e PID method
e cfficiency. Ae = /e(1 —€)/Nyen

51
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A) j0LICH

FORGLHUNGELIENTRUM

“The greatest danger for most of us lies not in setting our aim too high

and falling short; but in setting our aim too low, and achieve our mark_.”
(Michelangelo, 1475 - 1564)

THANK YOU
for your attention!
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