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D_spectroscopy, today A) jULICH
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Highlighted papers: D_'(2317)" #) JULICH
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“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!
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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

E.P., arXiV:1410.5201 [hep-eX]
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5.

. Measurement of the width with mass scan 13

. Mixing between D states with same J”,

D_meson spectroscopy at PANDA  LJ YNl
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%1305—3 states included in this simulation: D J[2535) s Missing mass of DS_Z
_f? - D(2317), D (2460) and D (2535) : Ut d effici
£ 150 TRUTH MATCHED VaUES | - Bnprove mass re;o u |Ion_anI efficiency
< 140 >50 MeVic D (2460 < pa .@d =1+ D, reconstructed exclusively
ok D_(2317) o to evaluate the width
E ST s Bkg cross section > thousand times
°F than expected on signal
60—
a0l . : :
= T F ) ) D (2317)° lation
20— %SDO‘_— Fit to Sig. events
{:'2:”4”A"Mu;dﬂ11““r|‘h 22 25 Tza 25 Tze 27 o as 2 -~ Sigrcomb bkg e o
: : : : - D : - & I AMS 0.01624
« Goals: et Cpanda cm
1. Cross section measurement in pp 400 ean 231775 = 00007

(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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Width of the D_'(2317)" with PANDA J NIy

FORGLHUNGELIENTRUM

s D_*(2317)'> D1

= azsaa s=azear

[ =100 keV
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What do we want to measure?

C pa@l:la

OkeV ——
00 keV
0 MeV

I
M, =2.0 GeV
- dp/p=1e-5

1
1
1

PhD the5|s I\/I Mertens

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

. 1 i \ A—1T 0—1: . l b
_-'x_.
& = ¥ :
' 7(0) = ”“R M2 A =s—2m_ pp —D_(2317)'D (2317)
(*) easy formula, assuming identical final states: pp— D(2317) D(2317)* 7
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Width of the D_(2317)" with PANDA EJJINle:
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pp —D (2317)'D", D (2317) -D_’

A
1 | 1 1
o o< |M|*/2ul* — x[dm \/()\+1)§—(:r+1)§
Vi), Pt
I* = width of the D, - Ds(2317)
I = width of the D _(2317)
-
P
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p= m+mps /s
= \/g — M Ds g

) L 3
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A

« Calculation is performed in absence

of interference effects
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Interference effects: graphs !) JULICH
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D7 D*,(2317)" and DI DZ)(2317)~ systems decay to D; DIz’

(2317 - 135 - 1968) MeV /c?=214 MeV /c’ mmp T _
v \ - 2-Ep
D (2317)" ° D
> 9
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Interference effects: D *D "z’ Dalitz [ J JIINy

pp —D (2317)'D_", D (2317) -D_ &’

Interference occurs if  m(DF 7% =m(D7
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7%= m(D*,(2317))

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

£ 5y o g5 T LT N L L B R v £ BT T
3:"_‘ = 3:", B 3 3 // i". E
S 2 2 i // - S 11[::
NEE‘ t ; NE§55:— g // - | = T.:”Ex 9_
18F = [ @ s ] 5
- ] e ,// z : 3
B T e e e s e gl
1), 2 (Ge\fza’c ) mf}; a (GeV?IcY) mﬁ E (GeVeicY)
/ N
| ( ) /5 = 4.286 GeV (b) /5 = 4.500 GeV (c) /5 = 5.500 GeV
4
o \/_ < /5, no interference /31 — /Zin= 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! 10
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Theoretical cross section estimate !) JULICH
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[ 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 Ds(2317)
Our assumption: 1<c<20, p >8.80225 Gev/c
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Strategy A) JULICH
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. (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 .
E. Prencipe PWG Cham meeting, 19-08-2015




D_'(2317)" as recoil of D_
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—_— - ] — 350 [T T T T TTT TTT T T T T T 1 I I
U 4005 3 ~u = I ndf 60.48/30 [
Py — — = - Constant 3173+61 H
>ﬂ_,| E E :; SDD:_ Mean 2.317 + 0.000 E
E 350 = = E 250 - Sigma  0.01456+0.00019 [
? 300 ;— —; ',_;G . ]
15 250E- = 5 200F —
= - 3 = C 3
S 200E E S 150 =
o 50E = HoE i
: - 100 — -
100 ;— —; - ]
50 - E 50 E
E 1 1 | 1 1 1 L | 1 1 1 I 1 1 1 1 I 1 1 | L 1 L E : |||||| I :

Q.B 1.85 1.9 1.95 2 2.05 2.1 '}.2 2. 22 2. 24 2 ZE 2.28 2. 3 2. 32 2. 34 2.36 2 38 2 4

D, resolution [GeV/c?] D,(2317) resolution [GeV/c?|

DT — KTK—7~

Mass resolution: 14.56 MeV/c?
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Interesting variable: AE

BEvents/4 [MeV]

N_IllllllllllllllIIII|IIII|IIII|IIII|II1

4

! o e I I I A 4 PoTE I 1l T I '
.15 0.1 -0.03 0 0.05 0.1 0.15 0.2 02 015 01 -0.05 1] 003 0l 0.15 0.2

A E (Ds) [GeV] AE [GeV]

==

Difference between the energy of the D_in the c.m. and its nominal value

Double gaussian parametrization for signal; polynomial for bkg
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Interesting variable: D_+ D (2317)
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Emnn"' mass | ! ' +—;
2 1200 151/60 .
= T .
< 1000 & -
0':% : |
= 80 SIG -
- o -]
600 =
100~ 4
200 s
S v — . 128 11.2'35:&
Mp, psary) [GeV/cT
| This is
dn__ 1 - J simplified for
dm  (m2 —m?2)2 +m% x G2 ~ spin=0
2 212 2 212
q = |m” — (mps+mpse3in)°|* - [m* — (Mmbps — Mps2317))°]
G =[G(R) x 35 - 5] R = resonant state = DsDZ;(2317)
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Interesting variable: Fisher discr.

TMVA overiraining check for classifier: KNN

THVA ovetaining check or clssiler: Fiser

5 variables:

D, mass

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~
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Interesting variable: Fisher discr.

Input variable: mD

% e
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g ‘7 Backaround £
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4
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3
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i C ]
2 12§ -
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]
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= 038

UO-flow (5,8): (0.0, 0.01% / (0.0, 0.0)%
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ﬁ F | | T | | I3
=) 3 E
=] r ]
= 25F —_%
= r Jg
Z  2f 52
= E :g.
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C e
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C )
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Input variable: cosKpP

(1/N) dN/0.0123

12

10

II|III|III|III|III|III|I.I.

0 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

WIO-flow (S.8): (0.0, 00)% / {0.0, 0.0)%

cosKpP

Input variable
distributions
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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
-100

mD

A) J0LICH
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Correlation Matrix (background)

Linear correlation coefticients in %

100

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

CosthetaCm =40

-60

mD - - - -80

-100
n

19

E. Prencipe

PWG Cham meeting, 19-08-2015



#) J0ULICH

FORSCHUNGEZENTRLM

Interesting variable: Fisher discr.

Background rejection versus Signal efficiency

| Background rejection versus Signal efficiency | TMVA
: 1 :TW: e LT T1 I'TT1 I'TTT I'TTT I'TTT I'TTT I'TTT1 T TT1]
g I """\._,__' ]
S 09 E\\\ - =
- — | i :
g [= ﬁ““*—:_ \ ]
E 0.8 | s —
3 C 1\_\.\ .
o - N\ [ ]
= 0.7 <] .
.'? C \ 7
& 0.6F — -—
m  F “\\ =
0.5 F ~ =
E MVA Method: \ ]

0.4 — : N :

0.3 i e \

u.z _I 1 111 111 111 L1 11 L1 11 L1 11 1 11 1111 | I I |
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

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
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Selection

BKG = 40M is scaled to SIG = 200 000; ¢ (BKG) = 2.2 mb;

#) J0ULICH

FORSCHUNGEZENTRLM

100
s ¢ mass resolution: 5 MeV/c?

50 %

L] 4% —

¢ ﬂ“’" S0t
Mqrﬁ..m.m | |_| ||W.|“||.

&98 0.99 1 1.01 1.02 1.03 1.04 1.05 21
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Selection cut o=20 o=10 o0=05 o= 2 o—=1 signal signal
(bkg)  (bkg) (bkg) (bkg) (bkg)  events € (%)

pre-selection 2.9-10° 2.9-10° 1.2-10° 2.9-10'° 1.2.10 39860 (17.9340.09)%
|IPOCA radius| <0.1 1.6-10° 3.3-10° 6.6-10° 1.6-10° 3.3-10'° 24137 (12.0740.07)%
IPOCA z| <0.2 1.6-105 3.2.10° 6.5-106 1.6-10"7 3.2-107 14379 (7.60+0.06)%
Mps Ds(2317)>4.25 1.5-10° 3.1-10° 6.2-10° 1.5-10'° 3.1-10'° 15212 (7.4640.06)%
Ipt|<0.1 9.9-10° 2.0-10° 4.0-10° 9.9-10° 2.0-107 14913 (7.1940.06)%
|AFE|<0.04 9.7-10° 1.9-10° 3.9-105 9.7-10° 1.9-10° 13179 (6.5940.06)%
1.92< mps <2.01 9.4.10° 1.9-10° 3.8:105 9.4.10° 1.9-10° 13179 (6.5940.06)%
F=>0.038 7.6:10° 1.5-10° 3.1-105 7.6-10° 1.5-10° 12532 (6.2740.05)%
pe (Dg)<0.2 5.5-10° 1.1-10° 2.2.105 5.5-10° 1.1-10° 12530 (6.2740.05)%
1.004< mg+xr- <1.04 12075 24150 48300 120750 241500 4401 (2.240.05)%
< F R N ARa R s Preselection:

‘% 2501 SIG ++ E P, cut, POCA volume, Kin fitter

= F H- . _ _

— 200 = s Background is scaled assuming

> f + . a signal cross section = 20 nb

S 1505 tot - in this plot

> B + P

= B ]

- R E
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PndKinfitter before selection

N [ I I I III I I IIIIIIIII_ '-\] _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
3 SIG 3 BKG]
< 3 S 10°E =
= - E 3
s ] 2] - -
] 10° = =
. 10' & =
s by s by by s b Vo s s by aaa bes s Bty s b by s Ve s Lo s by a s Ve aa by a s besg sl
30 40 50 60 70 B8O 90 100 0 10 20 30 40 50 60 70 80 90 100
z 2
X X
= 77— - T T T
2 | SIG BKG
> £ =
- 10' 4 - = :
1’ =

ngW
e L T T S T
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1
Prob(y?) Prob(y?)

Figure 14: \? distribution of (a) signal events and (b) combinatorial background, after the
pre-selection described in the text is applied. Prob(y?) distribution of (¢) signal events
and (d) combinatorial background. An optimization study shows that a good selection

cut is v2<20. All plots are drown in logarithmic scale.
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Check: background samples
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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:

reco

|5

— 71 Ds

PDG

| < 500 h-’IeV;"CQ.

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% 670
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% 60
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% 670
2.8M skimmed over 40M DPM events, with our pre-selection! 23
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3

Evt/300 [keV/cY

Evt/300 [keV/c]

Preliminary mass fits: SIG + BKG

— _—
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=] ==
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DOETTT
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i T e T R

=H:‘v—!'ll

1 1 1 | 1
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2

Mpg ps(2317) [GeV/cT]

(a) input & — 20 nb

1400F
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5nb

—
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o o
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o

[Sa] 8
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Mp peeary) [GeV/ c’]

(c) input o — 5 nb

Evi/300 [keV/c?]

900
800
700
600
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A) j0LICH
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P TIT I

DITTT T TTT
(& | 9

111 | 11 | 11 | 11 1 11 | 111 11 | 1
4.255 426 4.265 427 4275 428 428

2
Mp peearr) [GeV/cT]

(b) input o — 10 nb

Threshold distributions, after selection

For c =1, or 2 nb, the fit does

not well converge.
Need to study a better strategy
in these 2 cases.
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The signal-bkg discriminant, in case of c(signal) =1, or 2 nb, cannot be a Fisher discriminant.
We propose a 4-Dim fit, writing likelinood, build with AE, F, M, ¢

— Dip s I = O8p T
- o = o = =
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= c = EE = C
w0l N 04
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0 g:_ 04F
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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 = - ¢ -& € [8640-86400]/day
© but we need to scale by BR(D_ —KKm) = 5.34% = [461-4610] D_events/day!

s Specific simulation of this talk:
s Proposed 15 scan points;

assuming ¢ =[10-100] nb, € = 17.5% and = 0.864 pb™/day,
D™ - K'K™n™ only (PID, vertexing, tracking, dedicated selection)

BR(D, —~KKn)~5.34% = |81-807] 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.
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Expectations with PANDA 4) JULICH
- octe

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
2 43 200 4320 02 3)
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)!
A detector duty factor 50% is included in this calculation.
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Mitgliedin_der Halmboltz_Cemainschaft

Summary A) 0LICH

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 =_¥ - ¢ -€ e [8640-864000]/day
© but we need to scale by BR(D_ —KKm) = 5.34% = [46-4610] D_ events/day!

s Specific simulation of this talk:
s Proposed 15 scan points;

assuming ¢ = [1-100] nb, £ = 2.2% and = 0.864 pb™*/day,
D™ - K'K™n~ only (PID, vertexing, tracking, dedicated selection)

BR(D, »KKm)~5.34% = [1-102] events/day

s A likelihood selector for 6<5 nb is still work in progress....

@ 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. 28
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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

s Data point errors in our plots are estimates using a frequentistic Poissonian
asymmetric error calculator (Roofit)..... | am “bayesian”

Analysis note v2 is ready. Shall | upload, for convenor review?
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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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