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Update on Simulations of the Ds Semileptonic
Decay Form Factor
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Outline

® Significance on Ds semileptonic decay

® Reconstruction of neutral pion

® Kinematics of lepton-neutrino system

® Reco. efficiency in FastSim & FullSim

® Updated reconstruction results in FullSim

® Summary & outlook
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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 @Z.

® The investigation opens a new approach

to improve the measurement of mixing  dr(bs - vlX) G2 2
= 5 Ve I?0.3| fi (07

angle for nand n’. dq? - 24m3
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Reconstruction of Neutral Pion

Photon energy scaling method

Invariant mass of two-photon: m,, = \/ 2E, E, (1 —cos0,,)
My
Photon energy E,; will be scaled to EXFC: B =_=E,
1Y
with EJ*¢ and angular information fixed, the 4- _ REC . _REC
. . pTC - p“ﬁ + p"/l
momenta of pi0 can be written as:

Nucl. Instr. and Meth. A 453 (2000) 606
Reconstruction of the n” kinematics from yy decay

K. Korzecka, T. Matulewicz*

Institute of Experimental Physics, Warsaw University, HozZa 69, PL-00-681 Warszawa, Poland

This method is appropriate when the accuracy of the angular measurements is
much better compared to the energy measurements.

Otherwise, not only the photon energies have to be corrected, but also their

emission angles (kinematical fit).

11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor


http://jazz.physik.unibas.ch/~irakli/files/Publications/TAPS/Reconstruction of the pi0 kinematics from gg decay -- sdarticle.pdf

2k evt #24910

Cuttings in energy scaling method:
photon energy > 0.02 GeV
width of mass window on m,,,: 0.014 GeV/c

opening angle > 0.1 (1 evt not fulfill)

| Invariant mass spectrum of two-photon m vy |
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Cuttings in mcf method.:

photon energy > 0.02 GeV

width of mass window: 0.014 GeVI/c
mcf chi2 < 0.0005

Mass distribution of reconstructed pi0
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Mass distribution of reconstructed eta
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Invariant mass squared of lepton-neutrino:

q*(e*v,) = (Epp — Eps- — Ey)’

_|p

« FaSim (enable bremsstrahlung and neutral clusters merging)

pp ~ Pps— — P

« 10k evt at+/s = 4.108 GeV
. Ideal PID (#25009)

£1g0f
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K+

Mass squared of v, candidates
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Simulation & reconstruction of semileptonic Ds meson decays



MC Truth

Dalitz plot for Ds+ ->n e+ v_
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Invariant mass squared of ( n e+) in MC
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Dalitz p|0t for Ds+ > ne+ \’e Invariant mass squared of ( n e+) in MC
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Updated Reconstruction Results in FullSim

* photon energy scaling in pi0 reconstruction s
- photon energy threshold: 20 MeV eemossconn

——

* yy minimum opening angle: 0.1 rad
* yy mass window: 135 + 7 MeV/c? _
« D; mass window: 1968 + 250 MeV/c?
« 71 mass window: 548 + 270 MeV/c? '
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ReCO. effICIen Cy In FaStSIm & FU”Slm FORSCHUNGSZENTRUM
10k evt (ideal PID, #25009)
Full Slm Fast Slm
CETTR—CTNCON P T T
7315 73% 8023 80%
all 4302
all 6845
D; VtX 2849 D;
atm~ all 9952
eta all 5348
T vix 7434
4 eta all 4526 4
eta mcf 4127 41%
eta mcf 2021 20%
all 360034 all 15342
0 mass win. 14351 0 mass win. 8543
6,, > 0.1 14346 6,, > 0.1 8543
w/o cut 374 3.7% w/o cut 2204 22%
(e*v,) (e"v,)
W. cut 151 1.5% W. cut 1511 15.1%
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Reco. efficiency in FastSim & FullSim

10k evt (ideal PID,

(e*v,)
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80%

53%

41%

22%

#25009)
Full Slm Fast Slm
CITN T T
7315 73% 8023
all 4302
all 6845
vix 2849 D
mcf 1590 16% mcf 5288
atm~ all 9952
eta all 5348
T vix 7434
eta all 4526 4
eta mcf 4127
eta mcf 2021 20%
all 360034 all 15342
mass win. 14351 0 mass win. 8543
6,, > 0.1 14346 6,, > 0.1 8543
w/o cut 374 3.7% w/o cut 2204
etv
Ww. cut 151 1.5% (e"ve) W. cut 1511
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Summary and outlook

® Use photon energy scaling method in pi0 reconstruction
® Reconstructions in FastSim & FullSim are compared

® Efficiency lepton-neutrino system is ~3.7% (80 evt/mon)

< Improve eff. in FullSim (eg. vtx reso., tracking eff.)
< Include n' decay in present simulation

< Investigate background channels

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays
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Backup Slides

11.06.2014 Simulation on Measurement of Ds Semileptonic Form Factor 16



A jOLICH

FORSCHUNGSZENTRUM

Reconstruction of neutral pion

Two ways:

* mass constraint fit for two photons (PndKinFitter in PandaRoot) fiiter fixed
since #24893

= photon energy scaling method Nucl. Instr. and Meth. A 453 (2000) 606

n° rejected mass (mass constraint fit)
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g’ Mean  0.1245
- . C RMS 0.02161
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50:— .
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E b Entries 12010 E
2 Mezn  0.000451% 20
18000 T Chi2 probability distribution of  , mass constraint fit RMS 0.002308 E
w 1ol
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I L Entries 12010 | mE—— P 1Y T Y P L
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v 50—
. . C I
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Energy distribution of scaled photon
pi0Compgie hgame_rec
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FastSim: bremsstrahlung and neutrals merging

= pp— Jynd PHSP
Talk by Ronald Kunne: Jy—efer vLL
m 110 box simulation 0.2 — 10 GeV Pizero resolution
Electron reSOIUtion Full simulation Fast simulation
25001 L annc:— I
Full simulation Fast simulation C|u§ter Sp|ltt|. :
w00 ) o[ SPOIlS resolutifin 250(,;_
350 — Brems Odplp asun;— Tdpip ook 2000?
woof  Strahlung 2.7% s000f- 1.8 % 500
;_ E_ 1000~ Udpfp ; (}'d /i
B e 2.0% " 11%
20002— 2uun;— 500f fm:_
h = e T T Syl
1000F 1000F
; dp/p dp/p
500 500~
5.5 0.4 —(Jl.a 0‘2 —UI‘1 lI] (}I.I Drz UT:! 0?4 0.5 %‘5 .QI_4 .ol_a .gl_g .c!_| B 0I1 olz ofg u_l4 0.5
dp/p dp/p i T
Implements in fast sim macro

// enable the merging of neutrals if they have similar direction
fastSim-JMergeNeutralClusters ()

default value is kfalse now;

// enable bremsstahlung loss for electrons will be enabled after checking

fastSim—iEnableElectronBremsstrahlung;ﬂ:

6/11/2014 Simulation & reconstruction of semileptonic Ds meson decays




#) jOLICH

FORSCHUNGSZENTRUM

Test with my decay chain K+

Opening angle of two-photon(pi0)
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Form factor 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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g2 dependence of the form factor f+(q2) of Ds" ->ne' v, (ISGW2)

o 2C
E [
= 18—
16—  |[SGW?2
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- e
1.2 ? . ﬁwﬁ"
11—
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C Entries 10000
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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)
o 20
E L
< 18
16—
C e
“=  PHSP
= -
12— o
10— ,_v""'j’/
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 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
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__ J+(0)
1 — g+ B¢

q=q*/mi,

fe(a?)

Light cone QCD sum rules

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

LI B . S e S S e B B L

Simulation on Measurement o?zégegzéﬁ?ﬂleptonic Form Factor 22



Main requirements for EMC

Required performance value

Common properties

. . R <2%
energy resolution op /FE <1%® 5 GeV
energy threshold (photons) Eipres 10 MeV (20 MeV tolerable)
energy threshold (single crystal) E.y 3 MeV
rms noise (energy equiv.) 0g noeise 1 MeV
angular coverage % 4w 99 %
mean-time-between-failures 2000y

(for individual channel)

Subdetector specific properties backward barrel forward
(1) (>22) (>5)
energy range from Eippee to 0.7 GeV 7.3GeV 14.6 GeV
angular equivalent of crystal size 6 4° 1°
spatial resolution oy 0.5° 0.3° 0.1°
maximum signal load f, (E, > E.y) 60 kHz 500 kHz
(pP-events) maximum signal load f, (E, > E4) 100 kHz 500kHz
(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)

11.06.2014
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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

e barrel EMC: 10(20) MeV- 7.3 GeV, and
e forward endcap EMC: 10(20) MeV- 14.6 GeV.

Simulation on Measurement of Ds Semileptonic Form Factor 23
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K+
pbarpSystem K-

-> Ds- Ds+ BRppe
| |->etaetnu_e 267% T~ -
| |->pi+ pi- pi0  22.74%
-> K- K+ pi- 5.49% it
T[O

Production Rate of Ds pair

with high luminosity mode in 35 days

R=L-g--t-BR c=Anb=Ax10""b e=B%

=2x10%(cm™2s 1) - A(nb) x 107%*(cm?/b) - B x 1072 -3 x 10°(s) - 2.67% X 5.49% X 22.74%
~2AB =2 Xx20x3.7 =148
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