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Simulation and optimization of the PANDA detector
to measure the form factor of Ds semileptonic decay
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QOutline

® Introduction of Panda detector

® Physical significance on Ds semileptonic decay
® Simulation & decay model

® Reconstruction

3%
S

® Summary & outlook
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Introduction of PANDA Detector

Anti-Proton
ANnihilation at .
DArmstadt A p-LINAC

SIS100/300

; Rare Isotope N

) Production Target ‘4
/ Super-FRS

Antiproton
Production Target

Plasma Physics

Atomic Physics

more details will be introduced by FIORAVANTI, Elisa on Friday
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Physical Significance on Ds Semileptonic Decay

® Semileptonic decays Ds-> e + v + n,n’ K*
are an excellent environment for
precision measurements of the CKM
matrix elements |V 4| and |V 4.

® Form factor encapsulates QCD bound-

state effects; relates to the probability of
forming final state at given invariant
mass squared of the lepton-neutrino
system @Z.

® The investigation opens a new approach
to improve the measurement of mixing
angle fornand n'.
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Physical Significance on Ds Semileptonic Decay

: : , K*
® Semileptonic decays Ds->e +v +n,n

are an excellent environment for
precision measurements of the CKM

matrix elements |V 4| and |V 4.

® Form factor encapsulates QCD bound-

state effects; relates to the probability of Form Factor

forming final state at given invariant
mass squared of the lepton-neutrino

system g2. Ds*

® The investigation opens a new approach

to improve the measurement of mixing = dr(bs - viX) G2
= 53 VPP 3If @)

angle for nand n’. dq? - 24m3
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pbarpSystem

-> Ds- Ds+ BRppg ‘
| |->etae+nu_e 2.67%
|-> K- K+ pi- 5.49%

Production Rate of Ds pair
R=L-0-¢-t-BR

= 103%(cm?) - 10(nb) X 107%*(cm?/b) -5 x 107? - 3 x 10°(s) - 2.67% X 5.49%
= 220

larger cross section?
higher reco. efficiency?
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Previous measurements
have been carried on
CLEO-c, BaBar.
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Simulation & Decay Model
® Hadronic decay mode of Ds meson Fiia[;z_sgzem noPhotos
Wlth KI? pair: | |->etae+nu_e PHOTOS ISGW?2
— + o — | | -> pi+ pi- pi0 ETA_DALITZ
Ds™ - K'K™m |-> K- K+ pi- ?

BT'PDG = (54‘9i027) %

® NOT include in PandaRoot/EvtGen/ D_DALITZ

It provides Dalitz amplitude for three-body Krmrrr decays:
D* -> Kt , DO -> Km0, etc.

mi (K (GeV/ch

® Dalitz plot analyses in experiments:

E687 700 evt [1] PLB 351, 591 (1995)
CLEO 14,400 evt [2] PRD 79, 072008 (2009)
BaBar 100,000 evt  [3] PRD 83:052001 (2011)
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New Decay Model: DS _DALITZ

® The original code is part of the EvtGen package developed jointly for the BaBar
and CLEO, where Ds->KKirr is described by a branch of “D_DALITZ".

‘< panda #) OLICH

® DS DALITZ has been available since the version #21000 of pgenerators in
PandaRoot.

v Define model: ;‘?‘_1020) CLEO [
D; — K*K-rt*

[EvtGen/EvtGenModels/EvtDsDalitz.cc

v Calculate amplitudes:
[EvtGen/EvtGenBase/EvtResonance?2.cc
[EvtGen/EvtGenBase/EvtFlatte.cc

2 -

1.5

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

® Amplitude for Ds->KK1 mode is the
summation of the six resonance K*(892) |
contributions: Y sl 5
K*(892)K*, K*,(1430) K*, f, (980) 1+, P SRR B s
®(1020) 1, f, (1370) 11, f,(1710) 11" m3(K*K-) (GeV/c2)?
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Dalitz plot for Ds- -> K+ K- -
T T T T T T LI T T T T | T T T T | T T T T ,__22 _ i
L . < - hdalitz_kpi
(&) —
i BaBar < Entries 1000000
2 = — 8 2 Meanx  1.711
—. - 100k evt _ ~ Meany  1.244
crU i | <398 RMSx 08127
2 i i RMSy 04789
> - - 1.61
v 15 - -
o - - 1.4
e | — -
- - T 12
GO 117
N I ] Uy
e B 7 L
e L - -
; B i 08_—
05 L _ 0.61-
I I N A B 0.4_—||||‘ L
R o - 1 15 2 25 3
1 1.5 2 2.5 3 3.5 M2., (GeVZ/c')

m“(K'K") (GeV*/c?)
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Reconstruction

K+
pa
-

Form Factor f.(q?)

O
Invariant mass squared of the

lepton-neutrino system
q° = (E, + E,)*— |P, + P, |*
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Reconstruction
K+
pa

Form Factor f.(q?)

O
Invariant mass squared of the

lepton-neutrino system
q° = (E, + E,)*— |P, + P, |*

K™ K~ Tt

 Vertex fit
 Mass constraint fit
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Reconstruction

Form Factor f.(q?)

O
Invariant mass squared of the

lepton-neutrino system
q° = (E, + E,)*— |P, + P, |*

-  Vertex fit =

K* K nm* | 4 | 4
* Energy selection

based on EMC
 Mass constraint fit

 Vertex fit
 Mass constraint fit
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K+
K-
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Reconstruction

Form Factor f.(q?)

O

Invariant mass squared of the
lepton-neutrino system

q*? =(E, + E,))*—|P, + P,|?

#) jOLICH

Vertex fit

- « Mass
constraint fit

-

K™ K~ Tt

Vertex fit
Mass constraint fit

19 September 2013
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Energy selection
based on EMC
Mass constraint fit
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FORSCHUNGSZENTRUM

K+
K-

15



(Fanda

Reconstruction

Form Factor f.(q?)

S =
Invariant mass squared of the

lepton-neutrino system
q° = (E, + E,)*— |P, + P, |*

A jOLICH

 Vertex fit

Mass
constraint fit

=

K™ K~ Tt

 Vertex fit
 Mass constraint fit

14 14

Energy cutting on
EMC components
Mass constraint fit
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K+
K-

19 September 2013 Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay

16



panda

Reconstruction of Ds-
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Evt = 100k

Ds mass distribution (Before Fitting)

£0500 |— En:'issm m_befir;am
3 r Mean 1.961
pbarp system noPhotos ° RMS 009392
-> Ds- Ds+ 2000 | |
| |->etae+nu e PHOTOS ISGW2 - Eppp=8.0 G_eV
| | -> pi+ pi- pi0 ETA_DALITZ 1500 | Ds Mass window
|-> K- K+ pi- DS DALITZ = =1.969 + 0.5 GeV/c?
1000 —
- m(Ds )=1.969 GeV/c?
500
ReCO' Strategy q; ‘ ‘1.‘7‘ - ‘1.8‘ - ‘1.9 2‘ - ‘2.1‘ - ‘2.2 - ‘2.‘3‘ - I2.4
GeV/c?
. . . Ds mass distribution
®  Combine the final particles w1800 S
(K* K- pi-) and filter with bl
mass window
1200 — —
Vertex Fit 1000 —
: . 800 [— o
B Mass Constraint Fit i efficiency = 18%
: E : — 2
Get resolution of selected 100 — sigma =17 MeV/c
candidates 20
C I | {0 INTT ISR SRR SRR S R S R
q.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4
GeV/c?
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Ds” Vertex_X location distribution
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1800 — hdsm_vxre
C Entries 18098
- Mean 5.383e-05
1600 — RMS 0.02431
- Constant 1465 +21.3 .
E M 7.7966-05 * 6.5986-05 '
1400 — Sigma 0.008446 + 0000096 DS' Vertex reSOI Ut|0n .
1200 [—
1000 sigma_x = 80 pm
800 —
00| sigma z =170 pm
400 —
200 —
= I R R A s
-%.2 -0.15 -0.1 0.1 0.15 0.2
AX(X ., Xuc) CM
(x,y) projection of fitted decay vertex location distribution of Ds™-> K* K 7
Ds Vertex_Z location distribution 1
g - hdvpos
8 o hdsm_vzre - ) Entries 18098
= 900 = Envis s 081 Meanx  0.000538
o C ean - = Meany -0.0002294
800 — RMS 0.03424 06—
E Constant 690.4 + 8.6 C i RMS x 0.05636 | 11800
E Mean 0.0001587 + 0.0001428 04 ; - - - RMS y 0.0502
700 — Sigma 0.01765 + 0.00017 Tk . —11600
600 02— ) S —1400
E = - -7 |
500 — 0 E ) IS 1200
c — - —1000
a00 - 02 o . .
- 0sE ) . —1800
300 — e - ) B
E 06 N ) )
200 — C
E 08— -
100 C .
= »1 o ‘ L1 1 ‘ 1 L1 ‘ L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 W 1 L1 ‘ L1 1 ‘ L1 0
SRR SO, Ll -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E)0.2 -0.15 -0.1 -0.05 0.05 0.1 0.1 0.2 cm
AZ(Z  -Zyc)cm
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Ds’ Pt relative resolution

A jOLICH

FORSCHUNGSZENTRUM

£ - hdsm_ptre_ritv
36000 — Entries 18098
L Mean 0.0008853
— RMS 0.1139
5000 — Constant 6700 80.3
— Mean  -0.0006112+ 0.0002973
4000 — Sigma 0.03706 + 0.00033
3000 Ds- momentum
2000 — I i | : .
- relative resolution:
1000 — .
- sigma_pt=3.7%
_ 1 1 | L | I | 1 1 1 1 |
0 05 0 0.5 1 .
e gigma_pz = 2.5%
Ds’ Pz relative resolution
2 = hdsm_pzre_ritv
é’ = Entries 18098
5000 o Mean -0.005653
= n RMS 0.05389
7000 :_ Constant 1.097e+004 + 1.080e+002
— Mean -0.002062 + 0.000192
6000 — Sigma 0.02465 + 0.00015
5000 —
4000 —
3000 —
2000 —
1000 —
U : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 L 1 ‘ Il L L ‘ 1 L | 1 1 1 | 1 1 1
-1 08 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
APzlPz,,
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Reconstructions of pi0 (yy) and eta Evt =10k
Pi0 candidates are all possible pbarp system noPhotos
combinations of photons come from -> Ds- Ds+
the forward end-cap, back end-cap and I |-> etla e+t nu_e .OPHO;'_IC_)AS DIASS\'II'VZZ

-> pi+ pi- pi _
barrel EMC. |-> K- K+ pi- DS_DALITZ

Minimum Photon Energy

barrel: 50 MeV
fwd: 100 MeV
bwd: 50 MeV

Angular range of EMC components

Barrel and forward end-cap EMC
Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay
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©, mass distribution (before mass constraint fit)
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3 400 Entries 11818
° O E Mean 0.1324
250 RMS 0.01788 Evt — 10k
300 f—
550 = Mass window
= =0.135 + 0.07GeV/c?
200 —
150 f—
100 f—
50 f—
F 1 1 1 |
8.03 0.18
GeVic?
n, mass distribution (after mass constraint fit)
2 160 — hpizm_mcf
3 - Entries 3717
o - Mean 0.1353
140 — RMS 0.01032
N Constant 150.5 + 3.6
— Mean 0.1354 + 0.0001
120 j Sigma 0.003839 £ 0.000059
100 [—
e pi0 reconstruction:
60— PN~ —_
- efficiency = 37%
40—
" sigma = 4 MeV/c?
7I | ‘ L1 Ll ‘ AL 1] ‘ | | 1 ‘ | | ‘ | | I Rt | ‘ | |-
808 009 0.1 011 012 013 0.14 015 016 017 0.8

GeV/c?
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Chi2 probability distribution of { n*r’} vix fit
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(x,y) projection of m decay vertex location distribution

" heta_vix_prob c 1= N hetapos
‘€2500 — Entries 13042 ° e » A - [Enties 10829 250
3 1 Mean 0.4811 08 ; - - Mean x  0.001035
o [ eany -0.f
° I RMS 0.3741 - S P it
[ 0.6 — - - RMS y 0.1794
2000 — E - N —1200
r 04— - - -
ool prob>0.01 o2 : : n M
g i o
i cut off 80%°: _
1000 [— 02 N " 100
L 0.4 — - - .
500 |— -0.6 - - )
r ‘J 0.8 - - -
- e cL - L : )
e e o e e e 0 et 50 T S i e M s e I e e 2 il 0 MO AR | T O R el cel v b b e e b b e La 1 0
% 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1 - 08 06 04 0.2 0.2 0.4 0.6 0.8 1
prob cm
1 Vertex location distribution X 1 Vertex location distribution Z
£ o= heta_vxre 2 = heta_vzre
= — Entries 10429 2 100 — Entries 10429
© 200 Mean 0.0004323 | © 7 Mean -0.000861
E RMS 0.05699 - RMS 0.07434
180 — Constant 132.5+3.3 — Constant 54.34 +1.27
= Mean 0.0005759 £ 0.0004377 80 — Mean  -0.0009376 £ 0.0010150
160 :_ Sigma 0.03177 £ 0.00067 — Sigma 0.06754 + 0.00126
140
120~ l'| vertex re
"E" sigma_x =
80 | . -
60 — Sli g ma Z =
40 —
20 —
=l h 1 ) h cTher]
%2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 %2 -0.15 -0.05 0.05 0.1

19 September 2013
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1200

1000

800

600

400

200

panda

Mass constraint fit %2 of n

hetam_chi2_mf
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n mass distribution (before mass constraint fit)

i Entries 1684 = hetam_mcf_bf
] Mean 0004578 3 40 Mean 05702
L RMS 0.01006 © r RMS 0.06527
i 120[—
:— . 1 i
' chi2<0.001
0  E—
' cut off 66%
H 60—
H 40—
i 20—
0 _ lj . il '—|—l—' s P R \__I | — 1 | 1 L Il 1 1 ‘ U—_r 1 L 1 L L L | 1 1 L L ‘ 1 1 1 Il ‘ Il 1 1 1 ‘ Il Il 1 | Il Il Il 1 | 1 Il Il Il |
0 0.02 0.04 0.06 0.08 0.1 0.4 0.45 0.5 0.6 0.65 0.7 0.75 0.8
. . GeVic®
n mass (after mass constraint fit)
2 - hetam_mcf
a 50 . Entries 1112
© - Mean 0.5616
B RMS 0.04596
- Constant 42.43 +2.47
40 — Mean 0.5491+ 0.0005 .
B Sigma  0.01148 + 0.00057 n reconstruct|0n
30— . 0
- efficiency = 11%
20 — . _ 5
- sigma =11 MeV/c
10—
L | | 10 \”ﬂh“J_"-LLHH | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
9.2 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
GeV/c?
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Summary & Outlook

® DS DALITZ decay model for Ds->K K 11 is available in PandaRoot

® Ds->K K 1 has been reconstructed with the good mass resolution:

Reconstruction Mass Vertex
efficiency resolution resolution
[%0] [MeVi/c?] [Um]
Ds- 18 17 x:80 z:170
Tro 37 4 - -
n 11 11 318 675

® Reconstruction of neutral particles (piO, eta) needs to be improved

® Evaluation of form factor and the total reconstruction efficiency will

be obtained

® Extensionto Ds->e + v +n'(958)

19 September 2013 Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay 24
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Form factor and decay rate of Ds* -> etae+ nu_e

()57 (1 = 5)el Ds(p + @) = 2177 o+ (F27(@) + F27(0P)) g

Light cone QCD sum rules
J.Phys.G 38 (2011) 095001

Differential decay rate (massless lepton): arXiv:1011.6046[hep-ph]
dl’ CI |1CS|2 ‘ _ ‘ 3/2 . p (N, -
7 ——(Ds = (1)) = lDi‘r S {(mﬂ —|—?ﬂn — ¢?)? —LLHE?DS-irﬂf,_,Ir ) } 17 ()

i

Parameterization of the g2 dependence so the form factors:

2 f:I: (0) ~ 2 2
+ = . " — m
| f+(q7) T ait 07 q=q°/mp,
with
£2°7(0) a B
This Work (LCSR) 0.45 +0.14 1.96 + 0.63 1.12 +0.36
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f.(a%)

f.(a)

g2 dependence of the form factor f (q )of Ds" ->ne* v, (ISGW2)

2
18
16—  |[SGW?2
14—
- e
12— ﬁwﬁ"ﬁ
11—
08— hfp
C Entries 10000
06— Mean x 0.6657
= Mean y 0.6818
04— RMS x 0.459
= RMS y 0.2067
02—
0 :I | ‘ | L ‘ L L L | L1 1 | L L1 ‘ L L1 ‘ | I ‘ L1 1 ‘ | L | L L1 | L1 1
0 0.8 1 1.2 14 1.6 1.8 2 2.2
P (GeV3ct)
¢? dependence of the form factor f+(q2) of Ds' ->n e’ v, (PHSP)
2
18—
16—
C ,,,x“”ﬁm
e ? P H S P f—w"’wm
12— o
1
08— hfp
- Entries 10000
06— Mean x 0.7861
- Mean y 0.7449
0.41— RMS x 0.5221
= RMS y 0.2581
02—
0 :\ L1 ‘ | ‘ | | L1 L | L1 L ‘ | ‘ L1 L ‘ L1 1 ‘ L1 1 ‘ L1 | ‘ L1 |
0 0.8 1 1.2 1.4 1.6 1.8 2 2.2

q? (GeV¥ct)
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f+(0)
1 — g+ [g¢?

q=q*/mi,

fe(a?)

Light cone QCD sum rules

J.Phys.G 38 (2011) 095001
arXiv:1011.6046[hep-ph]

T T e T T T T [ T T T T [ T T T T
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Vertex fit %2 of Ds

92200

c

=]

82000
1800
1600
1400

1200 |
1000
800
600
400
200

hdsm_chi2_vf
Entries 47384
Mean 3.231
RMS 3.812

o
o

12 14 16 18

Chi2 probability distribution of Ds ~ vix fit
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6000

4000

2000

prob > 0.01

hdsm_vtx_prob

Entries
Mean
RMS

46093
0.3919
0.3792

"f

0.2 0.3 0.4

0.5

0.6 0.7 0.8 0.9

1
prob

Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay
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Mass constraint fit ¢ of Ds’

hdsm_chi2_mf
2 Entries 30185
37000 [— Mean 0.2413
° I RMS 0.4028
6000 ||
5000 f—
4000 ||
3000 |
2000 | —
N i\w
0:\ L S R R P ENOT T N N HNU T M N R IR
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18 2
x2
Chi2 probability distribution of Ds ~ mass constraint fit
" _ hdsm_mcf_prob
2 C Entries 27005
§4°°° Mean 0.581
RMS 0.3722
3500
3000 prob > 0.01
2500
2000
1500
1000
500
0 | I ‘ | I
0 0.2 03 0.4 05 0.6 0.7 08

1
prob

Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay
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p— Ds’ rejected mass (mass constraint fit) r o
I] = I [l [ . hdsmm_mcf_rej J U L I C H
‘ £ - Entries 4268 FORSCHUNGSZENTRUM
g o - Mean 1.965
L RBRMS 0.1497
50 —
40 —
30 —
20 —
10—
7 Il Il ‘ 1 1 1 1 ‘ Il Il
96 1.7 2.3 24
GeV/c?
Ds mass distribution
_31800 = hdsmm_reco
3 - Entries 18098
01600 - Mean 1.968
- RMS 0.04178
— Constant 1457 +17.4
1400 — Mean 1.968 + 0.000
- Sigma 0.01732 +0.00015
1200 —
1000 —
800 —
600 —
400 —
200 —
: Il Il ‘ Lo 1 —J~J 1 1 1 1 ‘ Il Il
46 1.7 1.8 1.9 2 2.1 22 2.3 24
GeV/c?
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Micro Vertex Detector
GEM Detectors Shashlyk Calorimeter

Central Tracker Mini Drift Chambers

Targetsystem Muon Range System

Solenoid

Barrel TOF

TOF Wall

Dipole ||

Disc DIRC &

Muon Detection

EM Calorimeter

L=12m

Barrel DIRC
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Electromagnetic Calorimeter in PANDA

Backward
end-cap

19 September 2013 Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay 33
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Electromagnetic Calorimeter (EMC)

i _
|
u
|

I | | [ [ ———i I
:- e Tt

19 September 2013 Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay 34
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Main requirements for EMC

Required performance value

Common properties

esoluti 7 0%
energy resolution o /E <1% & W
energy threshold (photons) Eip e 10 MeV (20 MeV tolerable)
energy threshold (single crystal) E,y 3 MeV
rms noise (energy equiv.) og neise 1 MeV
angular coverage % 4m 99 %
mean-time-between-failures ;. 2000y

(for individual channel)

Subdetector specific properties backward barrel forward
C10°)  (222) (>5°)
energy range from Eippes to 0.7 GeV 7.3GeV 146 GeV
angular equivalent of crystal size 6 4° 1°
spatial resolution g 0.5° 0.3° 0.1°
maximum signal load f, (E, > E.y) 60 kHz 500kHz
(pp-events) maximum signal load f, (E, > Eyy) 100 kHz 500 kHz
(all events) shaping time £, 400 ns 100 ns
radiation hardness 0.15 Gy 7Gy 125 Gy
(maximum annual dose pp-events)
radiation hardness 10 Gy 125 Gy

(maximum annual dose from all events)
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Barrel and forward end-cap EMC

Reconstruction thresholds
o .y = 3MeV
e E, = 10MeV
® Epar = 20MeV

Dynamical Energy Range

e backward endcap EMC: 10(20) MeV- 0.7 GeV

19 September 2013

e barrel EMC: 10(20) MeV- 7.3 GeV, and
e forward endcap EMC: 10(20) MeV- 14.6 GeV.
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Reconstruction of eta (pi+, pi-, pi0)

y on forward end-cap y on backward end-cap

All possible combinations of yy

Mass constraint fit (pi0 mass)

pi+ candidate

Mass const. fit (eta mass) n

pi- candidate
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Photon Energy Distribution (EvtGen)

EvtGen: Photon Energy Distribution (forward end-cap EMC)
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Generator: EvtGenDirect
Sim. via SimpleEvtGenRO

EvtGen: Photon Energy Distribution (backward end-cap EMC)
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o hgame_gen_bwd

C Entries 17360

- 0.03724

- 0.02476

H L 1 | 1 | ‘

0 0.05 0.1 0.15 0.25
E, (GeV)

Lu Cao, Simulation and optimization for measurement of Ds semileptonic decay



panda

#) jOLICH

FORSCHUNGSZENTRUM

Photon Energy Distribution (EvtGen)

EvtGen: Photon Energy Distribution (barrel EMC)
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hgame_gen_bar
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EvtGen: Photon Energy Distribution (all)
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Photon Energy Distribution (“Neutral” list)

Photon energy distribution (all)

hgame_sim_all
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Photon Energy Distribution (“Neutral” list)

Photon energy distribution (backward end-cap EMC)
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Chi2 probability distribution of 7, mass constraint fit
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T, mass distribution vs.
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T, mass vs. probability distribution
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Chi2 probability distribution of m mass constraint fit
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n mass vs. probability distribution
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n Pt resolution
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