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Charm spectroscopy with PandaRoot:

Reconstruction of DsJ mesons
(The Good, the Bad, the Ugly...)

E. Prencipe PANDA Meeting - Bochum, 12-09-2013
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¢ Motivation

¢ Technical aspects

 First tests

« Status of this analysis — trunk 21003

¢ Summary
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D_, are (cs) mesons: s content, J=0,1 AR SRRl
D_(2317)" discovered by BaBar 28
PRL 90 242001 (2003) - mdt\?) Discovery -
N e i
. .

Not understood its nature: 26 2+ D, @573) 15 1994-CLEO
100 MeV lower than the predicted 3 Ee e T
mass by potential model al, T M ST EEge
4 DK
Very thin width [lgzis] “:'“_;"3? ____________ D'7(2317) <7  2003-BaBar :
Observed in DY*1° system = 2ol =
Isospin violating | 17— p'e112) <19 1984-ARGUS |
Other similar states found 20l + 10 y
. 8 — Ds (1969) 13x10 1983 - CLEO N
D_ (2460)" close to the D*K threshold 5 .

Width of these states: only UL due to e>1<'8erimental limitations

PANDA can reach mass resolution >20 times higher than the previous projects;

expected high precision

Depending on the width, several interpretations:
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Analysis proposal in PANDA 'JJUUCH
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¢ Study of the mixing of D_ (2536)" and D_ (2460)+

¢ Study of chiral symmetry breaking
¢ Study of the excitation function of the cross section in pp -D_D_*

D_*(2317)+

_ . > Do*K*

D_ (2536)+

» D " x° D*y =

D (2460)+ > D "'y J
sl




Excitation function of #)0LICH
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I e VA — eIV
o(\) = V/mrl|M? f dp. YA—Z A (VE—2Mp) T

241
M = proton mass
mpl’ 9 160 . . — _
a(0) = 5 | M~ M, = 2.0 GeV F A0 Rl Mg=mass of D,
- 140 | dp/p = 1e-5 Ir=1.0 MeV
=
® 120
100 |
80
60
40 -
20 | =
5 L M. Mertens
g 0 L 1
’g -10 -5 0 5 10
;9‘ Excess energy [MeV]
; A precise measurement of the cross section gives a precise determination of the I
2 6
=




Expectation in PANDA A JULICH
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Expected number of events in PANDA=Z"*c * ¢

Cross section: http://arxiv.org/abs/1111.3798  A. Khodjamirian, Ch. Klein, Th. Mannel, Y.M. Wang
20 +200 nb

Luminosity =2 * 10> cm™® s™
8.64 pb*/day

N expected = 8.64 pb*/day * (20+200)nb * £ ~ (160k +2M) * e/day

NB. In high resolution mode: we expect a factor 10 less
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TECHNICAL ASPECT
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Getting started with PandaRoot... ’J | ULICH
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¢ Operative system: FEDORA 19

¢ Root version: 5.34

¢ Trunk version in pandaroot: rev-21003 + /rho/ update

¢ PID algorithm: PidAlgoMvd, PidAlgoStt, PidAlgoDrc, PidEmcBayes
¢ Analysis package: Irhol/

Main problems found: photon reconstruction, low mom. tracking
The analysis will be shown for the simulations of D'_(2536)", Dso*(2317)+,

D_(2460)" i
2 photons

i only 1 photon
3-4 photons
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1 D2317 _al noPhotos
o 1800 — Enties 4.2857432+07 4
(@) = Mean 201
S e Ll 05419 Decay pbarpSystem
%1@ - ] ] 1.0 D_SO*+ D_S- PHSP;
- Only combination Enddecay
O 1200 —
o F of tracks #
@arE Decay D_sO*+
S *F 1.0 D_s+ pi0 PHSP;
(1] 8 — Enddecay
400 |— #
oo - Decay D_s+
= 1.0 K- K+ pit+ DS _DALITZ;
o 15 = 25 B a5 5 Enddecay
Inv. mass (D ~ n°) [GeV/c?] Decay D_s-
> 1.0 K+ K- pi- DS_DALITZ;
Momentum = 8.85 GeV Enddecay
#
: Test: 5000 generated events Decay pi0
1.0 gamma gamma PHSP;
: Huge bkg due to low momentum photons Enddecay
£ End
: = fix properly a n° mass window
g = fix properly a y energy cut 0
] = N__ photons/event < 50




D_'(2317)"

pp —»D_ D_*(2317)’
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1 1
3 a5 4 4.5 5

D_*(2317)" Mass [GeV/c?]

-

Requirements:
Inv mass 2yin +100 MeV/c?

P (n°)>150 MeV/c

MIN
N _ photons/event < 50
MAX

D_~PDG mass = 1.9867 GeV/c?
D_*(2317)" PDG mass = 2.317 GeV/c’
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~ 6000 Entr?iis B ] — Dsm_best
2 ; I;'Iaasn nzégi - Entries 7194
% coon b ' = Mean  1.924
— = RMS 0.3631
Emi_ PID algorithm : No PID
L used here 3 O
a_f = —— “pest” pid
S™F 5 — “"PID
SO ———  “pest” 3 r
[T 20m - best” PID 3 = Ftm mass value
- e “tr” PID =
1000 |— -
- mmm M mass value -
o | I I A I S S A B I | Lo -
5

1

1.5 2 2.5 3 3.5 4 4.5

D_~ Mass [GeV/c’]

5

PID algorithm: likelihood

Kaon(3), pion(2)

MVD: de/dx vs p
STT: p, de/dx

DRC: 6 Cherencov vs p

EMC: E/p, LAT, Z53

GEANE request: p>100 MeV/c 11
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D_'(2317)"

Dso*(2317)+ BEFORE ANY MASS FIT:
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D2317_px_diff_ftm F D2317 py _diff ftm - D2317 pz_diff_fim
. Enries 82 Entries 823
«PX (gen-rec)| | etis @ | «Py(gen -rec)| " e “HPZ (gen -re e 000857
120 :_ -~ e 120 :_ AMIS 0101 ¥ :_ ;n‘:sndf 1510-91?::
C FS 010% b oo B01/6 a3 Constant 3023123
@ - K oo AT5/70 C Constant 105819. - Mean  -0.002671+0.003116
sl Constant 101884 80 :— Mean  0.0004576 + 0.000868 20 Sigma 0.07077 + 0.00463
F Mean 821606 +9.47e-04 o Sgra  00we4:omne b
- Sigma  0.02186 £ 0.00156 - F
r a0l— 10—~
40 = =
20 :— a1 :_ EE—
s - nenn LW N
enal ) pidhm L Gl h L breaan plenm e PRSI 1 SSSY s T = s P N IR SN e B e Y - T TP B R o T R a— 0 01 02 03 04 05
gJ‘E -0.4 k] 42 0.1 0 01 02 0.3 04 05 %5 04 43 {2 -0.1 0 01 02 03 04 05
)
BT E G im o D2317_mass_diff_ftm
E Entries 823 Entries 823
«E (gen-rec) oor wes  Mass (gen-rec) R :
- i Mean oo | ) *(2317)" mass resolution:
o RMS 0.1491 L -
= £ Indi 1547787 ol RMS 0.06052 sO ( ) _
o Corstar B4l f 7 ndi 18865 | Before mass fit: 26 MeV
__ Mean 0.0006235 £0.0032113 I
= . i Constant 3211 210 .
c Sigma 0.0747 £ 00040 o .
43 wf e oooties 0oories | AATLET VErtex _f|t. 20 MeV
A : sga____ocasez 0003 | After mass fit: 17 MeV
F 20—
15 C
mf— 10:— ..
£ : Efficiency: ~16%
inwmj% U P 1 on e 2 NE el L 12
$5 o0& 03 02 01 0 01 02 03 08 05 T B T X
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D~ BEFORE ANY MASS FIT:

Dsm_px_diff_ftm

#) 0LICH

Py (gen -rec

Dsm_py_diff_fim
Entries 1653
Mean 0.002755
RMS 0.09488
7 Indf 524183
Constant 2643152
Mean 0.0004324 £0.0005054
Sigrna 0.01645 +0.00080

a

ﬂthHMJ

n

=]

';_,.I_llllllllllllllllllllll
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Dem_pz_aif_fim
i Entries 1653
F Mean 0.008885
‘Pz (gen -reg) | 0.1266
22/ ndl 279393
Canstant 7887375
Mean  0.001842 £ 0.001801
Sigma 0.0576 £ 00021

Dsp mass_diff ftm

Entries
Mean
RMS

7/ ndf

Constant

Mean
Sigma

1636
0.005745
0.05718
396/ 96
7475+ 4.63

0.0006851 £ 0.0006944

0.02237 £ 0.00120

L Entrl 1653
- Px (gen-rec) ™
C Mean -0.00144
50—
r RMS 01025
a0k 72 [ ndf 4989 /84
- Constant 226+ 121
180 Mean  -0.0002248 +0.0005804
C Sigma 0.01921+ 0.00081
100 :_
" W\'WJ
&-‘:ﬂm : I;\J.«l-hl-lﬂ]-: na : Iﬂ|4l ! I.ﬂ‘ = : = L E:] ‘ mﬁdm "'_‘nJ""‘ = ‘.n=
- Dsm_mass_diff_ftm
20— E (gen_rec) Enfries 1653
C Mean 0.004776
100 RMS 0.05266
o /e 375.5/90
i Constant 86.12+ 4.91
sl Mean  0.001014 £ 0.000621
B Sigma  0.02019+0.00097
ul
sl
T L L
g]. 415 0.1 .05 0.05 4 015 0.2

|
0.05

01

0.1 02

DS‘ mass resolution:

Before mass fit: 22 MeV
After vertex fit; 18 MeV
After mass fit: 11 MeV

Efficiency: 33%
13



oo #) 0LICH

400~ + Entries 1653
asgf- Mean 1.315 FORSCHUNGSZENTRUM
- RMS 0.3103
300f—
250?—
2003—
‘IEEI:— .
- . Ds- from Dalitz
100}~ $
= A #!
50— W
[~ ™ ) F 1]
85 '1""'?"{"5"7."‘.% s|my e
Ds-: K- pi- invariant mass Ds-: K+ pi- invariant mass
—hoEm ¢ h13_m
- Entries 16f  220F { Entries 1653
1401= { Mean 1.1¢ 200 Mean  1.095
- ‘ = RMS  0.2701
120~ } RMS 0. 180~
- 160~
100F= + 1402— +
g 80— + + 120F +
é - 100
% an:— ++# + 8o + 'H
% anl— w EIEI:— + ﬁ
| g Wt LT
= B N S |M_l_ul_n_n_n_m_ :_Li*" 1Y S S R W
E.E 1 1.5 2 2.5 3 H.E 1 15 2 25 3




D_*(2317)" - D' n° oo
#) JULICH

° - vy FORSCHUNGSZENTRUM
x10% i
pi0_all . :
S800E Ertios 2335000 Combination of 2 photons only
%?nn mean 002178 «——— NO selection done here
§ BMS 0.03774
Leao
5n:u:|f
4003
s00f n° reconstruction
2nnf
mnf—
ﬂﬂ_ 0.1 = IlIII.I.'r_‘I — IlI:I.ISI — IlIII.I4I — IU.IEI — ID.E % plD_bES’E
® mass[GeVic  S400f I Entries 35208
s I Mean 0.1675
;%2‘3“_— RMS  0.1112
w B
. 1000 — 13 7
: Selection: - — “pest” PID
§ 0 H . 2 EDD_—
8 T rrolass window: %OO MeV/c : True value
: P(r") >150 MeV/c B 600[— PID
0 [ “tr”
; N, . (v.m")/event < 50 s00F —
gh 200
IDIIJ 0.1 0.2 0.3 0.4 0.5 0.6
¥ mass [GeV/c?)




"SI
200 o
ST : pio_ftm J U LIC H
= L Entries 3878
2000~ Mean 0.1178 FORSCHUNGSZENTRUM
g RMS 0.03717
-B'D'D_— +
E{]{]_—
- ;
400
200|— ¢
B [ ] O .
- l‘ . | | T reconstruction
1 1 1 1 1 1 H_-J_._._“_H_ﬁl 1 1 1 1 1 1 1 1 1 1
II:]'IIZIF 0.1 0.2 0.3 0.4 0.5 0.6
1 mass [GeV/c?]
ﬂ.?{}[]— =
B pi0_ftm
E - ZOOM l Entries aa7s
@000 Maan 0.1336
L% : RMS 0.008154
Before mass constraint fit: 800 — f*’:‘: t w‘*j‘;"j
Mass resolution ~ 6 MeV B vean  01352.0.0001
. . 600 F— )
</| After the mass constraint fit: 4 MeV - Sigra 000667 +0.00013
8 Efficiency: 78% -
E 20{1:—
% ﬂ_{].!HI — '[].12I — I'[].‘|3I — ID.MI — I'[].15 {.]!IE
3 n mass [GeV/ic’]
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x distribution of mcf

n0: ¥* mass fit

pi0_chi2_ml

Too low!

Enlries 83142
Mean 0.01035
AME 0.01814

=]
H

1 1 1
-] i

IIII|IIII|IIII|IIII|IIII|IIIIIII3

Tight mass cut around n° needed
to reduce bkg and the CPU time
x° distribution is not good!
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P(y)>30 MeV/c reduces a lot bkg and
CPU time: without this cut 70h needed

to run over 5000 generated events.
After this cut: 4h/5000 events

w231/ _cniz_mf

Entries BO57277

Mean 0.5222
BMS 1.428
D_*(2317)’

1
14

17



Momentum of the photons O J ULICH
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] v Momentum
=10 | _gamma_Mom_itm
N Enlries 145311
100 11— Mean 0.07622
Il BMS 0.1832
a0 [l
6o [
an [l
2ol
D_Lr'\'lll||I|IIIIIIIIIIIIII|IIII
_ a (1R | 1.5 2 2.5 23
g T GeV/c
3 Still to do: optimize the mass cut on y momentum
: Make use of the RhoSelectors: it saves time!
g Put your macro in a PndTask: it saves YOUR time! 18
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D_(2460)* #) 0LICH
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#
Decay pbarpSystem
Updated trunk: rev 21655 10D s+ D_s- PHSP;
Enddecay
#
Momentum = 9.9 GeV Decay D _si1+
1.0 D _s*+ pi0 PARTWAVE 1.0 0.0 0.0 0.0 0.0 0.0;
E(y)>30 MeV Ehddecay
p(TEO) >1OO MEV/C Decay D_S*+
N, ., photons/event < 50 1.0 D_s+ gamma VSP_PWAVE;
Enddecay
#
0 _ ) Decay D_s+
' mass window: 30 MeV/c 1.0 K- K+ pi+ DS _DALITZ;
D ~ mass window: 300 MeV/c? Enddecay
S . Decay D_s-
. 2 —
D*s+ mass window: 300 MeV/c 1.0 K+ K- pl- DS DALITZ;
Enddecay
Test: 2000 events available E o
: 1. ecay pi
Time needed: >1.5h/2000 events 1.0 gamma gamma PHSP:
- Enddeca
PID: likelihood “best” end Y

19
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¥ energy FORSCHUNGSZENTRUM
- gam_en
mnnu:— Entries 61905
> ol Mean 0.08385
Q . RMS  0.1931
= 30000 E—
8 25000 E— 0
= Selection cut for ©° and vy
C  zoooo
CI>J -
LIJ 15000
10000
5000
G.:I_I l:l-5| Ll |l|. Lk Lo II-IEI 11 I:IZI 11 I2-|5I 11 I3I 11 1 IE-IE‘I L1 I‘ll 11 Id-IEI 11 1
[GeV]
=0 momentum
pi0_mom
800 Entriies 56120
> N Mean 0.5666
% 2000 — RMS  0.4108
5 o
3 g 1500 -
2 c -
3 G>-’ N
u ||
é LlJ IIIIIJ:
S s00 -
g ':l IIIIIIIIIIIIIIIII I—lIl|||||II_IIIIIIIIIIIIIIII
a 0.5 1 15 2 25 3 3.5 4 45 5
[GeV/c]
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D_(2460)" D *" 1 J U LICH

*+ +
D* —-D "y FORSCHUNGSZENTRUM
D " —K" K x*

0
T —=YY +
™ p—
10° D (2460) vt F D
i B0 sl % 250 b= S
:or 3 250
gavo— 3 F
E - [= -
C — —
& 20 '-% 200
3 “best” [ :
200 (— utrn 150 f— f
150 — [ 3
- Tl’ue 100 — H
o value [ =
- s0f— =
50— - g
N . . ot B aTaTa|
Gllllofslllllll 15 2 25 3 35 4 45 5 ] EE S
Ds1{2460)+ mass [Gevic’] 0 0.5 1 15 2 25 3 a5 4Ds ma:éa[GeWcz]E
- v F *+ i
%300 — + s F D S 00 0
@ - % - ) _
= r s 000}~ S = |
s _t 8 r 600}~
Sos0[— £ fg -
5 [ w000~ S o
a F :E 21400
200 5000}~ 1200
E 150 - 4000 1000
8 . -
= o 3000[— 800
E 100}~ E
;53 N 2000 600y
3 s0f- u 400~
E - 1000{— r
2 ¥ E o
5 0p gl Ry of ! I ! f\r}ﬁm | I 2008
[ 0 05 1 EY 4 45 5 [ Ll I IS A Wi [ -
= 0 0.5 1 1.5 2 25 3 35 4 4.5 5
£ s+ mass [GeVic) Ds*+ mass [GeVic?] % 0.1 0.2 0.3 04 0.5 0.6
g 0 mass [GeV/c?]
=
s 21
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Events/50 MeV/c?

D_(2460)"
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Ds- mass (full truth match)

0= IZI)24E.D fim Dsm_ftm
‘}.15 s Entries 178 L F Entries 662
s F Mean 2.494 E - + Mean 2.008
B0 + 350
s 5F D (2 460) RMS 0.2241 %0 D - RMS 0.3004
:o?j_ 20 - sl E C S
8 "V . . 5300 . .
« F Efficiency: 9% g Efficiency: 33%
B0 250
s0f- -
- 200
40— c
s 150 —
30— C
20 - ++ 100
= - ¢
10f- 4 S0 e
- + ’ - ”»
0 afENEEETE BN ST BT Era |m**| | ﬁ L1 d_lh_._l_l_ﬂ_l_.‘.l_ O:u_u_I_LLu_I_mh_l_l_l_MmJ_bﬂJ_l_l_l_L._L‘_l_
0 0.5 1 1.5 2 25 3 35 4 0 05 1 1.5 2 25 3 35 4 45 5
Ds*+ mass (full truth match 0 mass (full truth match
Ds+ mass (full truth match) ( ) e i ( ) o0 fm
_ Dsp fir jbs F Enties r135400:— Enties 1159
350 Entries 2000 Mean o F Mean 0.119
C } Mean sC RS | 2 [ RMS 003681
- RMS 0 .0F ©350F :
300— 27 t L
- D" 3180 Ds*+ {300 c°
250— .. E .. C ..
- Efficiency: 30% | " Efficiency: 20%| .t Efficiency: 58%
2001~ 120 . +
- 100 200:—
150(— C N
- a0l } 1500 t
- 50— -
100 } B 100
C 40 C
50— C C
C 200 ) +* 50: :
- ’ L L
0_ W 0_"”“”“""!b—‘—'-‘q"" 04\||\\~\ |-I-L_|-\|k|u\|‘||||\|\||
0 05 1 1.5 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5 0 01 02 04 0.4 05 06

Ds+ mass [GeV/c’]

Ds'+ mass [GeV/c]

70 mass [GeVic?]
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160

140

120

100

a0

60

40

n

Kinematic fit: mass resolution

JULICH
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Ds- mass diff to truth after mef

o TTTTTT[TITT [T T[T T[T TITT[ITT T[TT T]IT]
RN RN LN LR RN RN R

- hm_diff2m - hm_diff2Zm_mcf
40— Entries 166 160 :— J— Entries 554
sF N Mean 0.008202 w0 - ﬂ Mean 0001151
DESE:I.(246O) : 18 Me RMS 0.05932 - _. RMS 0.03804
30— 120 — -
C 2 / ndf 38.59/23 C DS ! 11 Mev
= L - o0 o 2 | ndf 81.16/ 29
25 =
c Constant 28.02 + 3.98 = Constant 1719+ 12.0
200 Mean  0.002576 # 0.001602 80—
- C Mean 0.0002267 + 0.0004994
= Sigma 0.018 4 0.002 80— .
15— - Sigrna 0.01067 = 0.00055
105— 40 —
= a0l
= W P P v TR P
S T T I L ST T LT D T T b5 Ha 03 Dz ol ] 01 02 03 04 05
%5 04 03 02 -0d 0 01 02 03 04 05
Ds*+ mass diff to truth after mef
Ds+ mass diff to truth after mcf - hm diffstar mcf
; 25— = =
hm_dift2p_mc - Entries 367
Entries 51 " B DS*+ ] Mean -0.003601
+. Mean 0.0011 - .
Ds™ 11 MeV r " il g RMS 0.1527
RMS 0.0325 -
- Still under stu 2 it 6716/ 70
¥ I ndf 59.94/2 15—
L Constant 11.98 £ 1.36
Constant 159.6 £ 11 L
B Mean 0.008279 + 0.005670
Mean  0.001021 + 0.00053 o=
. L i . + 0.
Sigma 0.0111 + 0.000 - Sigma 0.08007 £ 0.00787
s
T .Ln-ﬂJ‘J.I.L‘\H..._..l_. el il ﬂl’lﬂ'ﬂﬂﬂ !HII‘ H_HILI ’-L
Ll ! || | 1111 | | | 1 Il L |-| |T|I Ll
4034z Al 0 a0 e as Y s 91 0 01 02 03 04 05
23
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4500
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500

Kinematic fit: »*_distribution

For m° and D_ (2460)+
the distribution of ¢* is a spike ~ 0

Ds+: ¢% mass fit

Dsm_chi2
I Entries 1
Mean 1
RMS £

10

Ds-: chi2 mass fit

#) 0LICH
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Dsm_chi2 mf

= _ Entries 10050
4500 — Mean 1.223
= AMS 2258
4000
3500 —
3000 —
2500 —
2000 —
1500 —
1000
- :_ L‘Fﬁ—l——v—r
= . ! , | _ | —l [
0 0 2 4 [ B 10
) Ds*+: x? mass fit
w10 Dslar chi2 mi
100 — _ Entries 121311
B Mean 0.07428
- AmMS 0.1916
B0 —
60—
40—
20—
i} 1 L 1 L ] 1 1 1 ] 1 1 1 ] ] 1 1 1
0 2 4 [ B 10
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Ds-Z
(x.y) projection of fitted decay vertex Ds- (x.y) projection of fitted decay vertex Ds- - Dsm_vtx_z
- PX Py 200~ Entries 2013
700 - H Entries 1939 Entries 180 Mean 0.02978
600 i Mean -0.004173 Mean -0.001 lﬁD:— RMS 0.00942
E RMS 0.2605 RMS 0. C
F 140— ¥ ndf 392.9/80
500 — «* 4 ndf 264.9161 %2 I ndf 1955 C
r 120— Constant 1589 +7.2
400 F Constant 975.7 £ 31.0 Constant 1017 + F
F 100 — Mean  0.02516 + 0.00104
C Mean -0.0001807 * 0.0008477 Mean -0.0005486 + 0.000¢ - )
00 Signa 0.0255 +0.00050 Sigma 0.02519 + 0.0( 80 Sigma 003161 + 0.00112
C 60 __
200— C
- 40
0:‘ [ [ Lo | | ol L T RIS R o I = R B . o linoetsnenbn il Do e lnn
-2 15 1 -05 0 0.5 1 15 2 -06 -04 -0.2 0 0.2 0.4 0.6 95 02 w04 w02 o1 0 01 02 03 04 05
y vertex [cm] z vertex [cm]
cm cm
{x,y) projection of fitted decay vertex Ds-
2 hepasZm
— Entries 2013
E‘ - Mearn s  -0.004711
S Meany -D.09G636
o - RMSE x 02561
N=n RMS y 0.235
O -
: ® CE
Q ’\ - — R
£ ot - " i 2 .
: AN o ¢ Events with x°<0: excluded
: & 0sE- ¢ No cut on the Prob()
£ 50) $ - .
@ -
L =
@
= -
3 15
) C
= C | | | | | | | 25
_2 11 1 1 1 1 1 1 1 11 11 1 1 1 1 11 11 1 1 1 11 1 1 1 11
- -15 - -0.5 a5 15
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D_(2536)"

¢ Easiest case of today:

reconstruction of the D' (2536)+

¢ Tricky: it is the one

with the most thin width of the family

Momentum: 10.5 GeV

¢ D' (2536)" is just above the
threshold of D**K. A simulation

to D K will be presented

¢ 5000 events generated

!
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noPhotos

i

Decay pbarpSystem

1.0D' s1+ D_s- PHSP;

Enddecay

#

Decay D' s1+
1.0 D*0 K+

Enddecay

#

Decay D*0
1.0 DO gamma PHSP;

Enddecay

Decay DO
1.0 K- pi+ PHSP;

Enddecay

#

Decay D_s-
1.0 K+ K- pi-

Enddecay

#

DS_DALITZ,;

End

VVS_PWAVE 0.00.00.00.01.00.0;

26



Ds'1" mass (all)

#) 0LICH

imnuf- -~ FORSCHUNGSZENTRUM
: -
Boooo|— ‘o
IS - o b
Soooo- | Yo, No photon selection applied
-, e op pp
40000 }— .
- A%
30000— ".
- -,
20000f— .
n -,
10000— T e
ok M I N N |qq-|_—-ﬂ o
15 2 25 s T (Gevicd] Efficiency = 20%
Ds'1" mass (pid) Ds'1+ mass (full truth match)
_ hm_ftm
600001— = Entries 1012
- = H Mean 2.522
- = RMS  0.1833
50000 =5
400003— ;_
: : : i
g 30000 =
3 : 3 t
% 20000— E_
5 - =
g 10000 i_ t t
g - E R .
= o5 16 18 2 22 24 Tz.a 28 3 32 3.4
D'1s mass [GeV/c?]
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DO mass (all) FORSCHUNGSZENTRUM
700 Efficiency = 60%
so0f- No PID pp —»D_ D'_(2536)+
500~ Loose RID D' (2536 D% K
- ' + - +
400[— best PID 51( )
anni— | i tr PID D% DO v
znnf— I . :
C 1 1 0 —
100 n | i D” K™ 1
Dn_' - 'n.lsl . E ) 25 3
DO0* mass (all) D0* mass (full truth match)
- e F Enthr;::?smr ﬂ;nufss
20000 No PID p350 Effici 20% + Er;nﬁén D11?;$
18000[— 2 ICIency = 0 '
000f Loose HID  2*°F -
. 14000F- best PID *FToo low!
8 12000 20—Need to optimize
§ 10000f— tr PID g P
% ani— 150;— Y cuts
§ 6000 100} \
S 4000 — - )
= - 50—
8 2000 - ‘
g - ok ol &
95 0 0.5 1 1.5 2 25 3

Mg [GEV/ET]
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D° reconstruction

=1
o
(=]

(4]
o
(=]

Events/12 MeV/c?

400

300

200

100

e

DO mass (full truth match)

D0 mass diff to truth after vertex fit

hd0_ftm
C Entries 2973
- Mean 1.841
C RMS .
Res, no fit: 27 MeV + —
- ¢

- ¢

— t

- ’

— +

r &

NPT RRPRPOP P, g T

.2 1.4 1.6 1.8 2 2.2 2.4

DO mass [GeVic?]

hm_diff3
_ Entries 948
160 Mean 0.009863
N RMS 0.06997
ofRes, vix fit: 22 Me 2 I ndi 129.1/56
N Constant 1504 + 7.4
120[— Mean 0.001853 + 0.000767
. Sigma 0.02173 + 0.00075
100~
80—
60
40—
20
:||||||I_lllr|r||_l| nhnLl_Ln_-—Luuul
55.5 04 03 -02 -01 0 01 02 03 04 05

900

800

700

600

500

400
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#) 0LICH

FORSCHUNGSZENTRUM

DO mass (mass constraint fit)

Mcf fit

=

700

600

500

400

300

200

100

0.5

1 15 2 2.5 3

DO: %% mass fit

‘|-I/|LL'LY‘\‘; | I . | L -l | 1 1 1 | 1 ] 1
2

Mcf fit:y 2

Res, mcf fit ~ 11 MeV

(=]

|
4 6 8 10
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¢ ¢ ¢ © © € ©

A )0LICH

Ds’'1+ mass diff to tru_lh . FORSCHUNGSZENTRUM
: Before the fit
70 Mean 0.0115
- RMS 0.09079
60— . . .
. X/ nof 1143755 After mcf fit: Res = 17 Mev
sl Constant 5314 + 419
- Mean -0.001482 + 0.001460
40 = Sigma 0.0276 + 0.0016
aof-
20~
10~
%:L L d n|-L|"_IL|1 n =Nl J m -
0.5 0.2 3 04 05

Problems with vtx fit: bunch of negative entries in y* distribution

v of mcf too low

Efficiency drop when we add photons to the decay channel: more photons, less efficiency
Mass window for mcf: larger interval, larger resolution. 36? 567

>3% of tracks found with momentum of the last hit larger than at the first hit (p.=0; 1/p.....)

“Evil tracks”

What is good, then? Reconstruction of particles decaying to charged K/mt/e works pretty good!
30



f DsJ reconstruction ’JJULICH

FORSCHUNGSZENTRUM
Dso*(2317)+ Dsl(2460)+ D'Sl(2536)+
Efficiency 16% 9% 20%
Resolution, mcf 17 MeV 18 MeV 17 MeV

- Expected improvements in the mass resolution and the efficiency
in the next release

Mitglied in der Helmholtz-Gemeinschaft

31




Mitglied in der Helmholtz-Gemeinschaft

’ s
A proposal: V- e’e” J JULICH

Vector state | BR(—e+e-) = Width (MeV)

W(4040)  (1.07+0.16) x10° 80 + 10 ¢ Vectors: J”° =1~

w(4160) @ (8.1+0.9)x10° 103+8 ¢ Expected to decay to et+e-

Y (4260) . 108 + 12 ¢ Only 2 measured: very low BR

Y(4360) - 74 + 18 ¢ Large width, probably they interfere
48 + 15 ¢ PANDA can do better than

its predecessors: 16400 Y(4260)/day
similar Y(4160)/day

4040 4160 4260 4360
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Events/20 [GeV/c?]
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Mitglied in der Helmholtz-Gemeinschaft

Y(4160) ma?,?,,,(,pid]

80— En‘::iﬁ;ssi m_tpigzags ' u

o i ' JULICH

E | FORSCHUNGSZENTRUM

50— 5 \

a0l + ¢ Momentum: 9.24 GeV/c

wof- + | Threshold of production of Y(4160)
- + H Standalone Y(4160)

i1 H++M+»WM# ﬁ#

10y } \ /

0&' + | | | |\ | |#

m,., [GeV/ic?]

It is between the 2 resonances
File with Y(4160) and Y(4260)

A I AR AN AV MW
s 82 34 36 38 \\\dl' 4.2 /4'4 46 4.8 5 ¢ Momentum: 9.45 GeV/c

Y4160
I ZOOM
[ ) ¢ Momentum: 9.68 GeV/c

T - PeoLacev Threshold of production of Y(4260)
W ~ pP=9.45GeV/ File with Y(4160) and Y(4260)

C)

C)

225
5 el  P=9.68GeV/ . . _
%%%%%%%% Efficiency in reconstruction: (83 88)%
%%%%%%‘% < After selection: 60%

Shanteee
S R e
Senennn
e

8 4 4.2

C)

Interference can modify the line shape
33
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SUMMARY JULICH

FORSCHUNGSZENTRUM
1 * i + i
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' a5
NCLUSION J FJORHHUIIG!&EUHM

High reconstruction efficiency of mesons decaying to charged particles only

Need to optimize the selection of the neutral list “a priori”: gain in CPU time and memory

Problem of lack of efficiency with neutrals still to be solved

About problems with tracking and fitters: open discussion!

MANY THANKS TO KLAUS AND STEFANO FOR THEIR SUPPORT!
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#) JOLICH

FORSCHUNGSZENTRUM

“...is 1% talent and 99% hard work...”

THANKS!
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