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Motivation A) j0LICH

FORGLHUNGELIENTRUM
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s Many excited D_ states have been found:

some of these not in agreement with potential models (—below the DK threshold);
the identification of D_*(2317) and D_ (2460) states as 0" or 1" cs states is
difficult to accommodate in the potential models.
s LHCD recently performed amplitude analyses: D_ (2573) confirmed with J=2;
new D_ *(2680) analyses: for the first time a heavy flavored J=3 state is obser\éed.
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Experimental overview of

FORGLHUNGELIENTRUM

D_*(2317) and D_(2460) #) )0LICH

s Most of theoretical works treat

Decay Channel D3, (2317)" Dss(2460)"  c5-systems as the hydrogen atom
Dy Seen Forbidden (potential models, c=heavy quark):
D~ Forbidden Seen D (2326)" and D (2573)" are
DI 7% (a) Allowed Allowed 4 a s2

D% (2112) " x" Forbidden Seen predicted, found with good accuracy

5(2317) — Allowed but:

Dym’n’ Forbidden Allowed m(D_*(2317)") found 180 MeV lower
DT~ (a) Allowed Allowed R
Dimtm™ Forbidden Seen than predicted by potential models

(a) Non-resonant only

s D_’(2317)" is found below the DK threshold: s D_(2460)" is found in the inv. mass D"y

s D_'(2317)" can in principle decay s Spin at least 1
- electromagnetically (no exp. evidence); or ¢ We can exclude the hypothesis 0%, only,
- through isospin-violation D ‘1 strong decay because D_(2460)" —D_y

Is D_" the missing 0" state of the cs-spectrum? Is D_, the missing 1" of the cs-spectrum?

Do these 2 particles belong to the same family of exotics?
3
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DSO and Dsl theoretical overview: | JULICH

Hadl‘onic Width FORSCHUNGSZENTRUM
M. Cleven, H. W. Griesshammer, F.-K. Guo, C. Hanhart, Ulf-G. Meissner, Eur. Phys. J. A(2014) 50, 149

(a) (b) (c)
D+ , T Do , 0 S
TN # st W n &
o
N Ds+ 5 B DS+
K" K+

Figure 2: The two mechanisms that contribute to the hadronic width of the D%,. (a) and
(b) represent the nonvanishing difference for the loops with DT K? and DK T, respectively.
(c¢) depicts the decay via 7"-n mixing.

s Contribution (a) — (b) non-zero form__#m_., m _# m _;: this applies to molecular states

Table 2: Hadronic decay widths from different mechanisms.

Decays loops mV-n mixing full result
D¥y — Dem® | (26 £3) keV | (23 £3) keV | (96 +19) keV
Dy — D% | (20£3) keV | (194 3) keV | (78 +14) keV

4
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DSO* and D _, theoretical overview:

Radiative width

A) j0LICH

FORGLHUNGELIENTRUM

M. Cleven, H. W. Griesshammer, F.-K. Guo, C. Hanhart, Ulf-G. Meissner, Eur. Phys. J. A(2014) 50, 149

Table 3:

The decay widths (in keV) calculated only from the coupling to the electric

charge (EC), from the magnetic moments (MM) and from the contact term (CT), respec-
tively, compared to the total (including interference). The CT strength for the transitions
to odd parity mesons is fixed to data, while that to even parity states, marked as "7, is
undetermined and part of the uncertainty.

Decay Channel | EC | MM | CT | Sum [1] [2] [3,4,5]
D, — D2y 20 [003] 33| 94 || 4-6 | 1.946.47) | 0.55-1.41
D¢ — Dy 42 | 02 | 11.3 | 24.2 19 — 29 | 44.50(45.14) | 2.37-3.73
De1 — D~y 04 | 05 [103 | 252 |[06—1.1] 21.8(12.47) -
De1 — DXy ~ 13| 2 | 13 |[os-08] 0.13(059 -

[1] P. Colangelo, F. De Fazio, A. Ozpineci. PRD 72, 074004 (2005);

[2] M. F. M. Lutz, M. Soyeur, Nucl. Phys. A 813, 14 (2008);

[3] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 76, 014005 (2007);
[4] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 76, 114008 (2007);
[5] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, PRD 77, 114013 (2008).

s Only hadronic decays are sensitive to a possible molecular component of Dso* and D_|
s Hadronic width of > 100 KeV: unique feature for molecular state
s Demand for a new generation machine: Am ~100 keV, 20 times better than attained at B factories
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Challenges in D_meson spectroscopy LJJMle;

shown at summer conf 2014, arXiV:1410.5201 [hep-ex], submitted to EPJ Web of Conf

FORSCHUNGEZENTRUM

s Missing mass of D_:

% - 3 states included in this simulation: D 2535) _ ] o
= 1%°E D, (2317), D(2460) and D (2535) improve mass resolution and efficiency
g 160 TRUTH MATCHED VALUES 2 s D__reconstructed exclusively
g >50 MeV/c C l—] =nd= SJ _
— to evaluate the width

=
N B

[=} =
III|III|III|III|III|III|III%I
<

s Bkg cross section > thousand times
than expected on signal

s Expected ~(10°-10°) - € events/day
high res. mode

D_(2317)" simulation

Entries 3751

100

80

60

40

20 Fit to Sig. events

00

Mitgliedin_der Halmboltz_Cemainschaft

No dedicated selec
only vtx fit + p__ sé

. Measurement of the width with mass scan
and the excitation function of cross section
. Mixing between D states with same spin,

200

0{*‘“"‘"’2‘."?*‘” 22 23 24 '2.|5' - '2.|e' T s ~— Sig+comb bkg Mean "y

Ds- missing mass [GeV/c?] ) 00 :_ ;’“‘:Snm 2;;; ?E‘;

* Goals: o P

1. Cross section measurement in pp - Soma__001604:+ 000012
(unknown, difficult predictions: 1-100 nb) s £ =35%

100

tion:
vlection

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

O_II

2.3 2.35 2.4 2.45 2.5

4. Chiral symmetry breaking, involving very precise DS- missing mass: DS(2317)+ [GeVic']
mass measurement: D_ (2317) and D_ (2460) can C pa ri)‘:l =
be interpreted as chiral partners of the same heavy-light system o 6
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1. Cross section A) j0LICH

FORGLHUNGELIENTRUM

s Predictions are complicated due to presence of s-quark in D_ mesons:

o(pp —DD) expected <100nb
s Inclusive search: better for cross section measurement, but higher background. Challenge!
s Exclusive cross section measurement: feasible, but theoretical predictions are difficult

Phys. Rev. Lett. 98, 092001 (2007)

P V. Flaminio, W.G. Moorhead, D.R.O. Morrison, N. Rivoire
Phys.Rev. D79, 092001(2009) \g 3 . : . : —
P pp annihilation into charged mesons
216
514 o Belle: e'e =D D,DD’,D' D’ CERN-HERA 84-01
- . R 2+ 17 April 1984
120 BaBar:ee—>DD,DD.D D
- via ISR

MICROBARNS

10 - +
2 ﬂ + Sum of two body

8
1
%i&j' L ]hﬂﬁ}mm i I"’Lqﬁw U‘ HHM&

, 5 5 i 5 3 7 5
3-8 4 4~2 ~ 1 LABORATORYT MOMENTUM GEV/C
\f(s), GeV

CMS ENERGY SQUARED GEVwx2

s Our simulations in PANDA for the D ,~and D_ cross section: p > 8.8 GeV/c
S S 7
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1. Cross section q) JULICH

s Theoretical predictions for the charmed ground states (D*, D).
s Inthe D, sector (no s-quark), calculations for excited D states are difficult:

calculations in perturbative regime can under-estimate the real cross section

1000 3 T T T T T T T T
- m.=1.5GeV
100 _ Me<it; g<4mg
0.5<u,/us<2
10 | 1.
— : E
e 1} 3
o =
NLO E
0.1 ¢ ; 3
1/ inclusive charm production
0.01 in pp collisions
0,001_ : : : : : | 6 T8 10 Tz 14 16 18 zn
4 4.5 5 5.5 6 Pub (GeV)
e e D 79\/%%\/}14005 Eur. Phys. J. A 48 (2012) 31
ys. REV. (_ ) A. Khodjamirian, C. Klein, T. Mannel, Y.M. Wang
E. Braaten, P. Artoisenet o
PANDA Collaboration Meeting - FZJ 2014
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1. Cross section A) j0LICH

FORSCHUNGEIENTRUM

T T T T T T T T T T T T T T T T T T T
I bp -> DD "=smm Baryon exchange Pp->D'D
0L —
1005‘ E 10 E Quark model E
al ] Al i
5 B & B :
© 0%k = 102F . I J
- Phys. Rev. D 89 (2014) 1140035 ...
- J. Haidenbauer, G. Krein :
10°F E 10°F E
- ] |i | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] - I I 1 'i | 1 1 1 1 ] L I L L | I I 1 I
6.0 6.5 7.0 7.5 8.0 6.0 6.5 7.0 7.5 8.0
P,y (GeV/c) P, (GeV/c)

s Cross section predictions described in the PRD 89 (2014) 114003 are higher than in
the paper cited as EPJ A48 (2012) 31
— different assumption: here (PRD paper) they rely in SU(4); coupling constant is fixed

D° D° D~ D*
AC+ Z (+,++)" . , and Z 0)
p p p p
This contribution this contribution 9
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1. Cross section A) j0LICH

FORSCHUNGEIENTRUM

T T T T T T T T T T T T T T T T T T T
I bp -> DD "=smm Baryon exchange Pp->D'D
0L —
1005‘ E 10 E Quark model E
al ] Al i
5 B & B :
© 0%k = 102F . I J
- Phys. Rev. D 89 (2014) 1140035 ...
- J. Haidenbauer, G. Krein :
10°F E 10°F E
- ] |i | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] - I I 1 'i | 1 1 1 1 ] L I L L | I I 1 I
6.0 6.5 7.0 7.5 8.0 6.0 6.5 7.0 7.5 8.0
P,y (GeV/c) P, (GeV/c)

s Cross section prediction in the PRD 89 (2014) 114003 are higher than in EPJ A 48 (2012) 31
— different assumption: here (PRD paper) they rely in SU(4); coupling constant is fixed

D° D° D~ D*
A + Z (0,+,++) , and Z (0,+,++)
p p p p
This contribution is > 10 larger than this contribution 10
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1. Cross section A) j0LICH

FORSCHUNGEIENTRUM

e :
"=smm Baryon exchange pp->DD

T
5
v
5 A
o

0
1005‘ 3 10 F Quark model E
Al ] AL i
3 - D.'é - :
© 107 F = 102 Y RS E
: Phys. Rev. D 89 (20143 114003[ .-
- J. Haidenbauer, G. Krein :
10°F E 10°F E
- ] |: | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] - I I 1 ' | 1 1 1 1 ] L I L L | I I 1 I
6.0 6.5 7.0 7.5 8.0 6.0 6.5 7.0 7.5 8.0
Piap (GEV/C) P,., (GeV/c)

s Cross section prediction in the PRD 89 (2014) 114003 are higher than in EPJ A 48 (2012) 31
— different assumption: here (PRD paper) they rely in SU(4); coupling constant is fixed

Can we rely in SU(4)?

D° D° D D"

P

A

P

Z (0,+,+4)

Cc

P

: but:

Z (0,+,++)

C

n

This contribution is >10 larger than this contribution; but a neutron in the loop as

intermediate state can rise up the o(pp— D*D") at same level as o(pp —D°D?)

11
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Cross section A) j0LICH

FORSCHUNGEIENTRUM

Phys. Rev. D 89 (2014) 114003
J. Haidenbauer, G. Krein

" == Baryon exchange Pp->D.D, i
10° Quark model .

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
7.0 7.5 8.0 8.5 9.0

P, (GeV/c)
s With the approach described in slide 11, c(ﬁp—>DS*DS') should be more feasible

What about the cross section of pp to excited D_state?

It is more complicated!
We do not know anything about the coupling constant for DS* = we need REAL data!

Coupling constant are not fixed....
12
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1. Cross section

A) JULICH

s In the theoretical calculation for the cross section of pp—DD states, vector states
could be involved in the loop, but technical problems occur.

s There are divergences difficult to cure.

s Ragge trajectories are introduced for this purpose ().

M?
15L Experimental data o
A Prediction e
L A z} P
10+ ~ &
I & o
i o
L @—"’J
- D* (2640) _#
5F " D;(2460)
L e
- D’ (2010)
0 — T | |_ | |_
1 2+ 3 4+ 5
N4 J

15

10

D. Ebert, R. N. Faustov, V. O. Galkin
Eur.Phys.J.C66:197-206,2010

L : A
" ® Experimental data
- A Prediction e
B L " A
_— L _—
(}_‘_./' ’,-»"/ - /!,J__@f"
i o
- P
& _— Doy (2860)
D, (2700) &
" Ds3(2573)
; Y
D;
/T\ | | | |
1 27 3 a5
N

s Ragge trajectories for D(s) mesons with natural parity

s Both light (g=u,d,s) and heavy (Q=c,b) quarks are treated fully relativistically

without application of the heavy quark 1/mQ expansion.

13
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1. Cross section A ) j0LICH

FORSCHUNGEIENTRLUM

15+ ® Experimental data ] - D. Ebert, R. N. Faustov, V. O. Galkin |
" A Prediction ] 15 Eur.Phys.J.C66:197-206,2010 S
L _/./ 1 I =T i
I x""af{f@ //Q// //‘/(> ] I _,-a--f"fx’@ ,’”If |
10 L / / /ﬁ/ _ - }__i-f" ﬁ'_,.a"') 4
K _— : | 10 Rea o -
A /’/ L ¥ /"’/ 1
i _.a-”/ /9/ - /5J{3040) o
— / 5 o
5L _/”/Dl(2420) . 5| ,_/”’//551{2536) ]
* S
D | D
0 _ '_ ( AI+ ) '_ '+ '_ | 0 I | /Al\ | | |
0 N l/ 2 3 4 0" (\ 1+/) 2- 3+ 4-

s Ragge trajectories for D(s) mesons with unnatural parity

We calculated the masses of ground, orbitally and radially excited heavy-light mesons
up to rather high excitations. This allowed us to construct the Regge trajectories both
in (J, M?) and (n,, M?) planes. It was found that they are almost linear, parallel and
equidistant. Most of the available experimental data nicely fit to them. Exceptions are the
anomalously light D?,(2317), D,(2460) and D?*;(2860) mesons, which masses are 100-200
MeV lower than various model predictions. The masses of the charmed-strange DZ,(2317),
D,1(2460) mesons almost coincide or are even lower than the masses of the partner charmed
D§(2400) and D1(2427) mesons. These states thus could have an exotic origin. It will be
very important to find the bottom counterparts of these states in order to reveal their nature. 14
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2. Scan of D_'(2317)' A) j0LICH

FORGLHUNGELIENTRUM

s D_*(2317)'> D1

M. Mertens

=5 =0 o
iy [ =100 keV i T o
) ' i} i i H iy I
- ALY L I Y What do we want to measure?

‘" ( |:l = @l:l ==

T

20 { I et

M, = 2.0 GeV ﬂgokﬁgv —
- dp/p=1e-5 r=1.0MeV

s PDG: [ <4.6 MeV at 90% c.l. wl l
s Excitation function of the cross section: 20 | / ]

1 A Y} A—2x 0-1-0_ ls l 0
(T()'\} — *,,r-m.RI‘|f'.I2|_/ {:1.'1;_2—_'_1 E[MeV]
B We need to perform this
. o L RF M2 simulation with full PandaRoot
N (V5 —2Mp)/ simulation tools ,
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2. Scan of D_'(2317)" A) JULICH

FORSCHUNGEIENTRUM

Process: pp —-D_ DS(2317)+ [antiproton against proton (fix target)]

: m = proton mass
= 2 4 ‘ = B *
Vs \/2mID 2Em - Vs =energy c.m. of the system D_~ + D (2317)

. EIO = energy of the antiproton beam

s At threshold of [ D ~ + D (2317)] production:

m = 0.938272 GeVi/c?
m[D_] = 1.96849 GeVi/c*

Vs = 4.28629 GeV/c?

A=vs—m[D]-m[D,(2317)] m[D,(2317)] = 2.3178 GeV/c?
m[D (2317)] -T 5 _
c(A=0) = : . | M | Cross section at the
2 threshold of the process .
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Getting started... A) j0LICH

FORSCHUNGEIENTRLUM

s Process: pp— D_~ D _(2317)’

s 3000 generated signal events/ scan point
s Mass scan every 100 keV in [4285.59 — 4286.99] MeV/c?

s Total scan plan: 15 points = 45 000 generated signal events

s Signal events: EvtGen MC generator, with DS_DALITZ model

= Reconstruction: D_—K K" ;D _(2317)'=D_" n"; n’ -y,

s DS*(2317)+ reconstructed as missing mass of the event (for now!):

U — i _ pH
—P Ds(2317) P i =P s
—better efficiency reconstruction due to problems still in EMC

and FST software implementation. This is a single tag measurement
s Background study: DPM MC generator

Process: pp ~K K'n K K'n'n’, n°—vyy [6 charged + 2 neutral tracks]
c(pp—hadrons) = 40 mb at p = 8.8 GeV/c; need to generate:
3B events/scan point, assuming a cross section = 40 nb for

A - +
pp_>Ds DS(2317) NOTE: G(ﬁp—>Dsts(2317)+) iIs unknown. Here is an assumption

s Efficiency evaluation for every point of the mass scan

s Mass and momentum resolution check
17
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Pre-selection cuts A ) j0LICH

FORSCHUMGSZENTRUM

s Release: oct-14

s The package “rho” is used for this simulation
s Selection cuts will be explained later in detail

18
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D~ reconstruction after pre-selection JLJ IRy

FORSCHUNGEIENTRUM

in E. point/ Mass/ Efficiency/  Mass Res./  PxRes./ Py Res./ Pz Res./
MeV/c MeV MeV/c? % MeV/c? MeV/c MeV/c MeV/c

8802.35 | 9790.49 4286.29 21.00+0.74  15.62+0.57 13.40+0.59 12.69+0.55 429+ 1.8
8802.81 9790.94 4286.39 22.60+0.76 15.58+0.72 13.42+0.54 12.17+0.67  48.3+ 2.1
8803.27  9791.40 4286.49 20.67+0.74 15.50+0.79 13.37+0.53 12.51+0.51 54.5+2.8
8803.73  9791.86 4286.59 20.70+0.74 1591+ 0.81 14.35+0.63 12.54+0.51 54.3+2.3
8804.19 9792.32 4286.69 21.57+0.75 15.66+0.69 13.91+0.65 12.77+0.69 49.7+2.2
8804.65 9792.77 4286.79 2257+0.76 15.14+0.61 14.42+0.65 12.57+0.56 48.4+2.1
8805.11 9793.23 | 4286.89 22.07+0.76  14.34+0.59 13.13+0.53 12.86+ 0.62 47.4+2.2
8805.57 9793.69 4286.99 20.67+0.74 14.98+0.70 13.37+0.58 12.38+0.58  50.3+ 2.7
19
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Ds(231 7)" reconstruction after pre-selection O JULICH

FORSCHUNGEIENTRUM

P E. point/

MeV/c

MeV

Mass/
MeV/c?

Efficiency/
%

Mass Res./
MeV/c?

Px Res./
MeV/c

Py Res./
MeV/c

Pz Res./

MeV/c

8802.35

9790.49

4286.29

21.00+ 0.74

14.90+ 0.59

15.49+ 0.54

14.30+ 0.50

454+ 2.1

8802.81

9790.94

4286.39

22.60+ 0.76

15.79+ 0.57

15.23+ 0.52

15.58+ 0.55

48.5+ 2.2

8803.27

9791.40

4286.49

20.67+0.74

14.87+ 0.68

15.64+ 0.58

14.58+ 0.50

48.8+ 2.8

8803.73

9791.86

4286.59

20.70+ 0.74

15.88+0.72

15.85+ 0.57

14.74+ 0.50

51.3+2.3

8804.19

9792.32

4286.69

21.57+0.75

14.37+ 0.60

15.69+ 0.59

15.69+ 0.59

489+ 2.3

8804.65

9792.77

4286.79

22.57+0.76

14.72+ 0.65

15.83+ 0.57

15.89+ 0.60

48.4+ 2.1

8805.11

9793.23

4286.89

22.07+0.76

13.79+ 0.59

14.59+ 0.49

15.29+ 0.52

474+ 2.3

8805.57

9793.69

4286.99

20.67+ 0.74

14.22+ 0.71

15.74+ 0.58

14.44+ 0.51

50.8+ 2.5

20
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D (2317)" reconstruction: bkg study

After pre-selection cuts:

. . .
DPM simulation x10
NE - . Eniries 425802
?OOU__ Mean 2521
e [ RMS  0.6317
ﬁmn:—
I m(K'K"yy)
15000:—
moon:—
5000:—
n - - 7\j>TW} —— - ‘
i FvtGen simulation Enies 611
s Mean  2.316
e AMS  0.04004

Events/6 MeV/c?

[ux]
L=1

10

2 21

- D (2317)"
= S

= 3000 generated evt
- p,,.>0-1GeVic,

- p>0.1GeV/c,

= <19,

- missing mass of D_

23 24 25 26

‘m(D_(2317)") [GeV/c?]

Evedis/70 M&/c *

P
=
=
=
o

15000

10000

5000

Events/5 MeV/c?

(=]
=
(=]

(=
=
o

DPM simulation X107

- Entries 425802

— Mean 1.773

E RMS 0.5838

3 Bkg here
- "Kr? .

3 m(K'K™=") is NOT

: scaled

3 to the n.
- of events
1 generated
: | | | by EvtGen
o 2 ¢ i m(D’ o 'K ') [GeVic 2]7

a0t X 104 Entries 18653

. Mean 0.2116

700 ;_ BMS  0.09498

aoof—

0E p,>0.1GeVic

400; after dedicated

300:— selection
2003—

1003—

0;25 L] jl’\ ’}l:l sl

m(n°) [Gev/c?]
21

E. Prencipe

PANDA Collaboration Meeting - FZJ 2014



Vertex selection: D " A) JULICH

FORSCHUNGEIENTRLUM

Ds-: vertex resolution Ds-: vertex resolutio
- s EViGen simulation | D mma £ /(Gen simulation
250 — i | — : : _—
T r | 'H | Entries 630 C = | I | Entries 630
8 200 - Mean 0.0001852 8200 r | Mean 8.021e-05
O RMS 0.02521 O L RMS 0.01889
150 | %/ ndl 3042/ 14 150 I sa29/14
. Constant 278.8 +15.4 a ] Constant 309.4 £ 16.6
. 100 — | |
0T Mean  0.0001009 +0.0003547 - N Mean  1.309¢-05 + 3.153¢-04
C | | sigma  0.008581+0.000318 of Sigma 0007669 + 0.000264
50 — ' 1 — . .
:l‘l‘llllllllll‘I\||||LLJ|||L|4L|\||||||\|||\|\|||| %_||||||||||||||||L||--J||L‘Lu||.|||||||||||lll|||||
% 04 03 0z o 0 04 02 03 04 05 5 04 03 02 O 0 o1 02 03 04 03
[cm] [cm]
4 4 . :
] x10 : : x10 DPM simulation
= — DPM simulation . — —
_E‘) - Entries 18380 U) so00 — Mean  -0.0002062
c 6000 — Mean  -0.005483 - = 1 AMS 0.2825
F AMS 0.2899 c r 11
=] 5000 |— - 5000 — it
O 4000 — () 4DDU:— i i
SI}D(J:— BDDUf— 3 3
zﬁun:— il 2000—
mnnf— mnof—
I. D:' ..I....I.-_--|u—f—r'_Jl:-|:L‘—_A_L._...I....I.... 0: [T R ---|4—M"|Jir|;|-|\mlqnnu TR |
] ] 15 ] 0.5 [i] 0.5 1 1.5 2 2 1.3 -1 0.5 o 0.5 1 1.5 2
[cm] [cm]

s Proposed cut: |Vix X|<48 um; [Vix Y[<43 um
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Post-fit selection: ° of the D " fit JJVNey

FORSCHUMGEIENTRLUM

After pre-selection cuts: p__>0.1GeV/c,
. . x°<19,
J DPM simulation vtx selection DPM simulation x10*
Bs00Fx 104 Entries 77675 o00F- n Entries 254638
2 Mean  1.792 3 E | Mean  14.83
000 RMS 04364 [ 40000 RMS 2576
% - 35000— }
Soso0f- - g Bkg here
C — 30000 3 .
- ) E | IS NOT
2000 25000 ;
- - § scaled
1500~ 20000 3
- - ; to the n.
C 15000/ !
1000[— E 3
5 ool 1 of events
00/ 5000 L generated
C | ‘ E | L T T R e byEVtGen
01 E— . . '4' : '45‘ — '5 Y60 an -0 40 -20 ) 20 an &0 an 100
m{K'K7) [GeV/e?]
I EvtGen simulation , Il EvtGen simulation s 20059
3 as0b Endes — B111  Sospol— Mean  12.49
s E Mean  1.966 n RMS 2336
W 300~ 3000 —
8 [ RMS  0.04199 C
s 2500 —
EWE— zunnf—
15'1;— 15nnf—
W'ﬂ;— mnnf—
El}z_ 500 ;—
D: L1 | | I | | | | | | 111 | | 1 11 E
1 25 3 35 4 4.5 23 ﬂl
mid > KK ) [Gevic] S0 B0 ®0 40 20 CE
5- 1% v i
23
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Post-fit selection: AE variable /UL

FORSCHUNGEIENTRLUM

» In the center of mass system of D

* = =E* -
ED mD :>AED EDm

D(PDG) » |tis a Gaussian centeredin O

EvtGen simulation EvtGen simulation

0

: [ Entries 0 % 70— | deb5
12_2 N ;_ AMS 0.04828 % sof— : :::s - ;:
- o E_ 505— RMS 0.03251
B0 :— 40f— ;;:tant 5?.11. + 3.47
o E_ 30; M‘ean 0.0004395 + 0.0006838
402— 20;
zc-f— mf
q: ot b i L] ! L1 ol e e pe %:41 | [hmﬂmhrhrwrh b ‘
r 1.8 1.8 D eEnergyE‘IC m [Gevjﬂ -0.2 -0.15 -0.1 -0.05 0 0.05 01AE01[SGe0\2/]
s o DPM simulation x10*
EADDD:— 1 Entries 77675
8 Mean  0.1044
%BSOU; RMS  0.4761
%DOU;—
25002—
s An opportune AE selection can 2000
reject mostly the qq background ts00f-
OLoose cut: [AE|<0.07 GeV 1000~
®Tight cut: |AE|<0.05 GeV 3 |
1

TAE [GeV]
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Post-fit selection: Cos6__ A) )ULICH

FORSCHUNGESZIEMTRLUM
EvtGen simulation

€ .. [Entries 611 B )
3% ean 0.9008 s D ~mesons are emitted at
300 RMS  0.0004687 S

very small angle, at threshold,

mi_ due to the Lorentz boost
1505_ E~9.8 GeV = 3 ~0.9

09995 0.9955 0996 0.9965 0.997 0.9975 0998 09885 0.999 0.9995 1
Cos#

DPM simulation x10*

Entries 77675

Cagnts
(=)
o
(=)

Mean 0.9711
20000 RMS  0.04811
18000

16000
14000

s Proposed cut: Cos 6>0.9995

1 IIIIIII| IIII|II II|IIII |IIII|II "l' 1 1 1 11 II.
0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
SIGNAL
25
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Simulated events: 0 vs ¢ #) JULICH

FORSCHUNGEIENTRLUM

Study of simulated events, with EvtGen: » pp -»D_" D (2317)"
»D_ *to 3 charged tracks, DS DALITZ D —K-K*
»D_'(2317)" to D ', PHSP s

CTrack Geldbd amenbum{). Theta[):MCTrack Geddhomenhum b PR ) (MO Track FPagCade=--431 1

LT, L

Eﬂ E;25§— E N :_

5 E 8 ose [
’ ) ) ) MCTranlf-GaldMmantfm[J-Phi[h ’ : 2 : 0 ! MDTranf.GﬂldMnmantfm[:l.F'hi[j
Polar angle in a few degrees; Polar angle in a larger range;
¢ uniformly distributed ¢ uniformly distributed

- pp —»D_ D _(2317)"
D (2317)'—~D " n’
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EvtGen simulation

Counts

14 Entries 611
Mean
RMS

0.5182
0.2956

iz

10

==aalARNRRREERE

0.2

0.4

DPM simulation

=]

x10*

Entries 77675
0.7407
0.2732

Mean
RMS

a1 0.2

0.3

0.4

0.5

0.6

a.7

0.8

09

|Cosb,, |

Post-fit selection: |Cosé__| (c.m.) A) JULICH

FORSCHUNGEIENTRLUM

s Distribution of the cosin of the polar angle
in the c.m. frame of the D_"is homogeneous

for signal events, while it is stretched to +1
for background events (u, d, s quark comb.)

“=|cs>

D~ c.m system

27
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Post-selection cuts: p , A) JULICH

FORSCHUNGEIENTRLUM

X

Dsmpx ; . Dsmpy : :
- ; a EvtGen simulation S ; a EvtGen simulation
120 — Entries 630 é Entries 630
- ‘ ‘ 70 — ‘ ‘
100 — Mean 0.001069 = Mean -0.001736
B RMS 0.06501 = RMS 0.05367
80— E
- x2 / ndf 85.3/38 = 2 / ndf 72.81/ 46
80 } Constant 97.04 + 5.78 40 % Constant 68.15+4.10
0 i Mean  0.0005467 + 0.0011554 30— Mean -0.0021+ 0.0012
E Sigma 0.02687 + 0.00111 20— Sigma 0.02711+ 0.00117
20— 10 E—
PN " | ot b L1 e hecis 0 lea P =P R R . S . Y L ; PRE VR R
0.6 -0.4 0.2 0 0.2 0.4 -0.4 -0.3 -0.2 -0.1 s 0.1 0.2 0.3
p,of D[ ] p,of D[ ]
4 4
x10 DPM simulati x10
$PO00F n $o000— g DPM simulation
Zp000 - ‘ = [ |
=i - ‘ Mean -0.002302 = = | Mean -0.004677
EoooF g [
§7000 i RMS 0.438 ?000 — RMS 0.4148
w - 0 —
6000 — «2 7 1183/ 76 - ¥2 [ ndf 1645 /77
5000 f_ Constant 8364 + 30.1 6000 — Constant 9088
4000 = Mean  0.0D01816 + 0.0013156 - Mean -0.003665
2000 E Sigma 0.3629 + 0.0011 4000— Sigma 0.3322
2000F— ~
- 2000—
1000 — B
- N IR L o PR R R -
0 l Ll o I
-4 -3 -2 -1 O 3 2 1 1 3 4

p, of K+K'w [GeVIC] 0 of K+K [GeV/c]

. y

Proposed selection: With a double-gaussian fit, px, py resolution
OVery Loose cut: |px|, [py| <0.2 GeV/c ~14 MeV/c. A safe window: 56 = |px|, |py| <

@Tight: |px|, |py| <0.1 GeV/c 70 MeV/c = the tight cut s still a safe cut. __
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Post-fit selection: D (2317)"

A) JULICH

FORSCHUNGEIENTRLUM

Ds missing px Ds missing py
220 g 0 ; &11 0 0 "
EvtGen simulation 1 Entries ™ EvtGen simulation Eniries 611
o 200 - Mean -0.001987 o = Mean  0.001441
S b AMS 0.06281 S 200 - RAMS  0.05262
% = % 180 &
160 — :
S 1o g
= F = 140
D = ) =
N 5E
Lﬁ 100 :— Lﬁ 100 :_
BD :— 80
&0 ;— &0 f—
40 ;— 40 f—
0 20 f—
01:5 1 | 1 1 I 1 1 1 1 Dlﬁn—i 1 1 {ll 1 i 1 Dlﬁ-—l 1 1 1 : 1 1 1 | I 01:5 1 1 1 1 |1 1 1 1 1 I:I.I5 | I 1 1:II 1 nl ].‘:II5 1 1 1 1 I 1 1 1 1 15
| | [GeVic] | | ' [GeVic]
x10* x10*
g F DPM simulation s F DPM simulation
22500 [ > 3000 — o Dol
g C Mean  -0.0004459 = E Mean  0.004004
5. - RMS 0.3722 2500 —
o000 - = RMS 0.3458
- w2 /ndf  590.2/97 2000 [ ¥2/ndf  1137/97
1500 Constart 2320 - Constant 2778
- Mean  -0.000264 1500 — Mean  0.003233
o Sigma 0.361 — .
1000 |- g w00 - Sigma 0.3304
500 — 500 —
L -—‘ 1 1 1 | 1 1 1 il | il 1 1 1 | 1 1 1 I S | 4 D: ek, 1 1 1 | 1 1 1 Ii | Ii 1 1 1 | 1 1 1 - ="
%% i i 15 85 1 05 0 0.5 1 15
px - missing mass [GeV/c] py - missing mass [GeVic]
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Post-fit selection: summary [fJJUNd

FORSCHUNGEIENTRLUM

s Test performed on 3000 signal events and a reduced sample of total DPM background
s Study of kinematic variables is performed, to identify those rejecting the DPM background

Loose post-fit selection cuts Tight post-fit selection cuts
Variables Signal Bkg - Variables Signal Bkg -
arbitrary sample arbitrary sample
Pre-selection 630 112143 Pre-selection 630 112143

mmm)  |AE|<0.07 GeV 568 10738 |AE|<0.05 GeV 557 7702

Ip, ,|<0.2GeVic 558 648 Ip,,|<0.1GeV/c 533 254

Ip*,,,1<0.1GeV/c lp*,, I<0.1GeV/c

) Cos6_*

Signal efficiency: from 21.00% to 17.87%... ...0r 17.53%
E. Prencipe PANDA Collaboration Meeting - FZJ 2014
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JULICH
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QRECHUNGEIENTRUM
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Post-fit selection: summary [fJJUNd

FORSCHUNGEIENTRLUM

. 35_After the dedicated selectic;n:_ _ Efficiency: (17.53% 0.69)%
2D M’:;:s 1252 s Full PandaRoot simulation
£ avs  ooses| @ FlQure of merit: D_mass
e v/ndt 5861/46| & Bkg sample for this study: arbitrary
20f- Constant 2655 It is useful to study the variable
- M 1. . . .
3 o ooee|  distributions
- — Bkg needs STILL TO BE SCALED
o Mean 1965 by the proper factor: work in progress
- RMS  0.02869 . .
5 NOT SCALED (jObS IN I’Uﬂ...)
?; 1.82 1.94 1.96 1.98 2 2.02| I I2.E4I | IEBGI I I2.l|38| | |2.1 . .
Ds- mass [GeV/c’] . Missing mass of the event
* Plan: =D, (2317)* o
Oto identify the most effective variables ¢ | AVS 001608
. T 40— 2/n )
to reject the background v/ LI o 1028
@1to build a Fisher discriminant 30— -
©®maximize the ratio S/B when selecting - DPM bkg HERE
: : - TO 3000 SIG.
O assumption for the calculation: o[- EVENTS
o(signal) = 40 nb; o(bkg) = 40 mb. 35 L
2 2.25 23 2.35 2.4 2.45 25

Ds2317+ mass [GeV/c?]
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Mass scan of D (2317) in PANDA EJJUN

FORSCHUNGEIENTRLUM

» Calculations are performed with: AM____ =100 keV/c?.
By design (high resolution mode): Ap/p = 4- 10> =AM = 80 keV/c?

|

If we run in high-resolution mode,
a mass scan in 100-keV-steps can be feasible.

1 how long time do we need to run?

Momentum limit, if we run in high resolution mode: p = 8.9 GeV/c.
For this analysis: p<8.9 GeV/c.

For comparison:
E760, with Ap/p <2-10*measured I'(J/y) = (99+12+6) keV

33
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Summary A) 0LICH

FORGLHUNGELIENTRUM

s Renewed interest on D _(2317).

The analyses pp —»D_" D_(*)" are work in progress in rel-oct14;

EventFilter is used simulate events: it works fine!
s Missing mass of the event is used to reconstruct D _(*):

still problems with fitter x*, EMC, =° reconstruction...
...but it is easy reconstruct D _" to charged tracks.

s Feasibility studies on the bkg rejection are ongoing: need billions events.
|dentification of some kinematic variables for bkg-rejection has been presented.

s Reconstruction efficiency is still high after the main selection cuts: ~ 17.5%,
and bkg is efficiently reduced.

s In the new rel-oct1l4 a double gaussian function is needed to parameterize
the momentum resolution, after pre-selection (different from rel: scrut-14).

s An analysis note is planned to report on this work: 3000 events/scan point
correspond to ~ 12 hours/ point (using the numbers obtained from this talk,

e.g. assuming o = 40 nb, £ = 17.5% and = 0.86 pb*/day).
But we need to scale by BR(D_ —KKn)~_6% = n point!

s Evaluation is still a way too optimistic: efficiency will be reduced when selection
IS finalized. Need the full DPM simulation before quoting any humber!
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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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