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Introduction

h¢ singlet P-wave charmonium state

experimentally observed 1992 in pp
reactions [Phys. Rev. Lett. 69, 2337]

not directly accessible in e* e-annihilation

decay pattern still not well known

process BF(h, — X)
Y1, 516%
rn 4.7+2.1)- 1074
rn’ (1.5+04)-1073
atnn° (1.60 £0.63) - 1073
2t )x (7.76 £2.07) - 1073
3(xtn)a’ < 8.67-1073
pp <15-107%
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Final States Analyzed

3-body final states 4-body final states
* h, » KK~ 7, KOK_ﬂ' - h. — a7
- h, = K"K - h, > K*K 2%

* h, = ppa’s°
5-body final states
- h, - KK n"7" 2", KOK_ﬂ'ﬂ'ﬂ'

“h, - K"K z"zn7y

“ h, = 2(K*K")z"
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Final States Analyzed

3-body final states 4-body final states
“ h, — KK~ 7", KgKifc“_“ <hC — 7r+7r_7z(D
- h, = K"K - h, > K*K 2%

- hC — I—)pn.on.()

5-body final states

(—) KK ztz 7Y, K(S)Kiﬂiﬂb
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Data sets

= Using production via ' — z'h,

= Production using XYZ data via X — z*z~h_ not suitable due to smaller
reconstruction efficiency and lower production rate

Beam data: 448.1 - 106 g’ events
inclusive MC: 506 - 108 events

Signal MC: 1 - 108 events per final state

Boss Version: 664p03
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General selection criteria

Good charged track criteria

Poca: Ry<1cm,R;<10cm

Polar angle: Icos 61 < 0.93

PID criteria

using dE/dx information from MDC and
TOF information

p-Value: P(X) > 10-3,
PX)> P(Y), XY

Reconstruction of 1r? candidates

IM(yy) — M(119)] < 30 MeV/c?

mass constrained fit

Good photon criteria
Separation from tracks: AQ > 10°
EMC time info: t < 700 ns

Barrel: Ey> 25 MeV,
lcos 61 < 0.8

Endcaps: Ey> 50 MeV,
0.86 < Icos 61 <0.92

Reconstruction of n candidates

IM(yy) = M(n)| < 30 MeV/c?

mass constrained fit
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Analysis of h, > K*K z*z z°

= Common vertex ensured by converged vertex fit
n NT[=2’ NK=2, N724

« 120
. . 2 @ i — Signal MC
= Limit goodness of 6C Fit: x5 < 50 g
@ 100} — data
Incl. Bg. MC
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Analysis of h, > K*K z*z z°

= Common vertex ensured by converged vertex fit
= N, =2, Ny=2, N >4
= Limit goodness of 6C Fit: xoc < 50

= additional 4C fit under hypothesis 3yK*K~z*z~ to veto
background from

© WS Vet Xae <5,

= reject background fromy’ — #tx"J/y, #
« Mzt ), — M(J1y)| > 25 MeV/c?
- [ M7, — M(Jly)| > 25 MeV/c?
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Analysis of h, > K'K z*z "z

0

Common vertex ensured by converged vertex fit
N,=2, Ny=2, N >4
Limit goodness of 6C Fit: xoc < 50

additional 4C fit under hypothesis 3yK*K~z*z~ to veto
background from

C W St e <15,
reject background from v’ — ztz Jly, 2%2%/y -
« Mzt ), — M(J1y)| > 25 MeV/c?
- [ M7, — M(Jly)| > 25 MeV/c?
7from v’ decay should not from other resonances:
- [ M(zta= 2% — M()| > 16 MeV/c?
- | Mzt 7~ 7% — M(w)| > 20 MeV/c?
- 0.82 GeV/c* < M(K*zY) < 0.92 GeV/c?

Events / [0.010 GeV/c?]

Events / [0.005 GeV/c?]
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Analysis of h, > K*K z*z z°

= Common vertex ensured by converged vertex fit
= N, =2, Ny=2, N >4
= Limit goodness of 6C Fit: xoc < 50

= additional 4C fit under hypothesis 3yK*K~z*z~ to veto
background from

C W St e <15,
= reject background from v’ = zta~Jly, 2°2°J1y
« Mzt ), — M(J1y)| > 25 MeV/c?
- [ M7, — M(Jly)| > 25 MeV/c?
7from v’ decay should not from other resonances:
- [ M(zta= 2% — M()| > 16 MeV/c?
- | Mzt 7~ 7% — M(w)| > 20 MeV/c?
- 0.82 GeV/c* < M(K*zY) < 0.92 GeV/c?

= obtained efficiency 6.5%

Events /[0.002 GeV/c?]
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Background studies

Non-resonant contribution dominates (99%)

process Nrem
KK #7270 437
K**K*Fntr~ 230
K OK™*p* 185
KK p? 25

Study of peaking background caused by radiative decays:

he = yne, vx1 Yo

® Problem: decay modes mostly unknown, explicit search
limited by statistics and dominated by background

But theoretical predictions exist, used to estimate:
BF(h, = yy.) ~3.4-1077 (suppressed by PHSP)
BF(h, = yx.) ~ 8.6-107*  [Phys. Rev. D 89 11 (2014)]

remaining peaking background taken into account within fit

Events / [0.002 GeV/c?]

—data
100
| — Signal MC
T + n,— K'Kn*n]
80 | ~\> + + total BG
60} ' +

40

20—

1‘\\‘\\\\1\\\\‘ Il
8.5 3.505 3.51 3.515 3.52

3.525 3.53 3.535 3.54 3.545 3.55
M(K'Km*nnd) [GeV/c?]

known decay modes scaled to PDG value

unknown decay modes generated using
LUND Model

additional sets similar to final state have
been generated (see next slide)
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Background studies

List of explicitly generated final states

process h, — yX intermediate states Nrem Nexpected
n.— KK zntn~ K OK**;+ 12 3
n. — K"K ztz~ PSHP 10 2
n. — K'K 2z~ %" PHSP 2 0
n. — KK ztz= 707" KK~ 27" 1 0
ne > KK 7tz 7' PHSP 0 0
n. - KK ztz~ ' K*+K*_7r017 0 0
n. — KK 7z z7nn PHSP 0 0
Xc0 PHSP 5 0
Ael PHSP 0 0

No background process identified,
which could describe the complete observed structure
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Determination of branching fraction of h, - KK z*z "z’

Breit-Wigner @ Resolution + Argus

Resolution .
2 2 i 21 ® ° ° ° ° o ° °
G_L+ m—u m—y ‘Ee ™ . . P S . ..
e 2 GL( o ) 5 P S _GL R
1 ( m—y. 2 _ . NQ 35 351 352 353 3.54 355
— e_E(T) , =0y, < % < Oqy + 3 Gaussian é 90;
O (m-u)2 m—y, o~ 80k
e 2 GH( o ) 5 O'H < — T@ C
g 70F
Z 60
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NQ 3500 i‘ 0.005 0 0.005 0.0 C
g ¥ 40
o B -
S 3000 301
2 -
GC) B 20'_
71 2500~ n
: 10~ +
20001 C L .
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1500~ M(K'K tten0) [GeV/c?]
000l Significance calculated to 6.0¢
: M(h,) = 3524.9 £ 0.6 MeV/c?
500—
C I'th,)) =0.8=%x0.5 MeV
—(?).01 —0.008-0.006 -0.004-0.002 0 0.002 0.004 0.006 0.008 0.01 BF(hC N K+K_ﬂ'+ﬂ'_7[0)
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Systematic studies

Selection procedure
= variation of selection criteria

cut nominal value range step size uncertainty
Xec 50 30-70 1 2.8 %
IM(T" ) gec — M(J/W)| [MeV/c?] 25 10-40 1 0.5%
IM(T°T°) poe — M(J/P)| [MeV/c?] 25 10-40 1 1.4 %
IM(T°K*) — M(K**)| [MeV/c?] 30 10-50 1 3.8%
IM(mtT =) — M(n)| [MeV/c?] 16 6-26 1 1.3%
IM(mtt ™ 7°) — M(w)| [MeV/c?] 20 10-30 1 2.5%

= Kinematic fit using helix correction method: 1.5%

Generator model

= including intermediate resonances to generator model leads efficiency difference of at most 5.1%

Fit model

= Describing background by Chebychev polynomial instead of Argus function: 1.2%

= Fitting range: 0.9%

Tracking Photon reconstruction
= 1% per track = 4% = 1% per photon = 4%

PID
= 1% per track = 4% = 1% per 10 = 2%

0 reconstruction

total 10.7% + 15.1% caused by involved branching fractions!
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Study of intermediate resonances

= Problem: Background dominated process, sideband subtraction not suitable
m ldea: Extracting signal yield in slices of subsystems
m same fitting procedure used as before in subregions

For example fit in slices of K1t mass

0.60 GeV/c? < M(K*n®) < 0.70 GeV/c? §070 GeV/c? < M(K*n°) < 0.80 GeV/c? 0.80 GeV/c? < M(K*r°) < 0.90 GeV/c? 0.90 GeV/c? < M(K*r°) < 1.00 GeV/c? 1.00 GeV/c? < M(K*r®) < 1.10 GeV/c?
45 30)

35 557355 553 3.643.55

1.30 GeV/c? < M(K*n) < 1.40 GeV/c?

1.60 GeV/c? < M(Kn®) < 1.70 GeV/c?
20F

1.90 GeV/c? < M(K*r®) < 2.00 GeV/c? 2.00 GeV/c? < M(K*n°) < 2.10 GeV/c?

12F

WD L NN WA OO N




Study of intermediate resonances
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shown error bars are statistical
only

similar structures in charged
and neutral mode

indication for intermediate
reactions like:

h — (K*(892)/K ,(1430)
(K2(1820)/K;<(1980)>
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Study of intermediate resonances
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Analysis of h, — ztn 7%

= Common vertex ensured by converged vertex fit

= N,=2,N,>6

= no pair of photons from different particles should form a =

0.

= |M(yy) — M(z°)| > 15 MeV/c?

Meike KufRner
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Analysis of h, — ztn 7%

Common vertex ensured by converged vertex fit

N,=2,N,>6

no pair of photons from different particles should form a a0
« | M(yy) — M(z°) | > 15 MeV/c?

Limit goodness of 7C-Fit: x5, < 100

Events /5

80

- — Signal MC
701~

C — data
60— Incl. Bg. MC

% + Hﬂlem

2

o

——

_|_

_|_

==
i
L

.'_|_

10— L. !

m i B RS, AR e e e e
0O 20 40 60 80 100 120 140 160 180 2200
X’7C
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Analysis of h, — ztn 7%

Common vertex ensured by converged vertex fit

N,=2,N,>6

no pair of photons from different particles should form a a0
« [M(yy) — M(z°)| > 15 MeV/c?

Limit goodness of 7C-Fit: x5¢ < 100

7° from ' decay should not form resonances with other
final state particles:

“ | M(xta~z% — M) | > 16 MeV/c?

« |M(z*7~2°%) — M(w)| > 20 MeV/c?
reject background from v’ — =« 020Thy, nily -
* | M(#°7%)p,. — M(J1y)| > 30 MeV/c?

- Mg, — MU w)| > 30 MeV/c?
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Analysis of h, — ztn 7%

= Common vertex ensured by converged vertex fit

= N,=2,N,>6

CR — data
= no pair of photons from different particles should form a z°: E S0k
: M@ 2 Bl
|M(yy) — M(z”)| > 15 i\/IeV/c S | otal BG
= Limit goodness of 7C-Fit: x5~ < 100 g L Jr ‘
= 7”from y’ decay should not form resonances with other EARRE IE _‘_
final state particles: Eamemall Mlia ws
15+
© | M(x*r %) — M(p)| > 16 MeV/c? : J{ AT L
« | Mxtn~ 7% — M(w)| > 20 MeV/c? " | 1L T” J(
= reject background from v’ — =« JZ'OJ/I//, ndhy - 51 ' 1
. 0.0y _ 2 L e s e T
|M(ﬂ T )Rec M(J/l//) | > 30 MeV/c 85 3505 3 ‘51 3. Ei15 3‘52 35125 3.53 3g35 3“54 35|45 3 :55
o | M@)gee — M(JTy) | > 30 MeV/c? o) (GeVie'

= obtained efficiency 3.9 %
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Background studies

= Dominating contribution from e*e™ — 4yz*z 7y

a%
N
» Study of peaking background caused by radiative §
decays: E
- he = ¥xe Txeo
= negligible contribution
= hC — ¥,
pProcess Nrem  Nexpected
n.— ntnn’ 16 3 .

n.— ntn 'z’ 7 1

= peaking background is taken into account within the
fit to determine the effective signal yield

—data
— Signal MC
n— TIM

Jr | total BG
11

30

25

20—
151

101

\‘\\‘\\+\\I\\\\\‘\\\\|\\\\
_|_

\\\\\\ ‘w\\\\\‘\w
85 3505 35135153523525353353535435453255
M(rc* nnno ) [GeV/cT]

known decay modes scaled to PDG
value

unknown decay modes generated using
LUND Model
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Determin

Resolution

ation of branching fraction of h, — z*z 2’

Breit-Wigner @ Resolution + Argus

DB T
m—y — ! ° ) e %, PP S e ° .
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) O-H < TM -
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w
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% F 20
% 900:—
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S 800F 15:
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400;_ : | P [ | ol I--I'—I"I 1 1 1 ‘l‘~l'-l- o o L L low L
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E_ M(r*non) [GeV/c?]
200E BF(h, —» 7t~ 7%)
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—%.01 I—0.005I — 0 — 0.005 — 0.01
A Mz o) [GeV/c] Significance calculated to 3.8¢
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Systematic studies

Selection procedure
= variation of selection criteria

cut nominal value range step size uncertainty
Xoc 100 80-120 1 3.1
IM(7)Rec — M(J/9))| [MeV /c?] 30 15-45 1 1.3
IM(727) Ree — M(J/9)| [MeV /c?] 30 20-40 1 1.5
IM(77) — M(7%)| [MeV /c? 15 5-25 1 2.8
IM(7 =70 — M(n)| [MeV /c?] 16 6-26 1 1.6
IM(r 7~ 7%) — M(w)| [MeV /c? 20 10-30 1 2.2

= Kinematic fit using helix correction method: 2.1%

Generator model

= including intermediate resonances to generator model leads efficiency difference of at most 6.3%

Fit model

= Describing background by Chebychev polynomial instead of Argus function: 2.1%

= Fitting range: 1.1%

Tracking Photon reconstruction PID

= 1% per track = 2% = 1% per photon = 6%

» 1% per track = 2%

9, n reconstruction

w 1% per m0 or n = 3%

total 11.5% + 15.1% caused by involved branching fractions!

Meike KuBner BESIII Charmonium Group Meeting
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Analysis of h, > KdK*n¥ntn~
« N,=5Ng=1,N >2
= K2 reconstruction:

= Limit decay length and error determined by secondary vertex

fit: 1741 <2
= 0.487 MeV/c? < M(z*z7) <0.511 MeV/c? St — Signal MC
_ $3000[
= Common vertex ensured by converged vertex fit for all charged | — data
parthIeS 2500:?+ Incl. Bg. MC
- L2 I
= Limit goodness of 6C-Fit: x5 < 40 i
20001~ ,
I
1500~ +
= t
1000}
500
L e
00 20 40 60 80 100 120 140 160 180 2200

6C
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Analysis of h, > KdK*n¥ntn~

26

Nﬂ.=5,NK=1,N},22

K2 reconstruction:

= Limit decay length and error determined by secondary vertex

fit: 1741 <2

= 0.487 MeV/c? < M(z*zn™) <0.511 MeV/c?

Common vertex ensured by converged vertex fit for all charged

particles

Limit goodness of 6C-Fit: Yec < 40

7° from v’ decay should not from other resonances:
« |M(zt7n 7% — M@)| > 20 MeV/c?
- | M(z*tn %) — M(w)| > 20 MeV/c?

No Kz system should form a K* meson thus:
- | ME*2%) — M(K*)| > 50 MeV/c?
- |IM(KZn") — M(K*)| > 50 MeV/c?

Meike KufRner
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Analysis of h, > KdK*n¥ntn~

Nﬂ.=5,NK=1,N},22
K2 reconstruction:

= Limit decay length and error determined by secondary vertex
fit: 1/A4 <2

= 0.487 MeV/c? < M(z*zn™) <0.511 MeV/c?

Common vertex ensured by converged vertex fit for all charged
particles

Limit goodness of 6C-Fit: xa- < 40

7° from v’ decay should not from other resonances:
« |M(zt7n 7% — M@)| > 20 MeV/c?

- | M(z*tn %) — M(w)| > 20 MeV/c?

No Kz system should form a K* meson thus:

- | ME*2%) — M(K*)| > 50 MeV/c?

- |IM(KZn") — M(K*)| > 50 MeV/c?

No z*z~ pair not resulting from the K decay should form a K3 :
- |M(ztz™) — M(KY)| > 20 MeV/c?

Background from y’ — ntz~J/w is suppressed by:
- Mzt a7, — M(JIw) | > 30 MeV/c?

o
o
o

Events / [3.005 Ge V]
3
S

6000

4000

2000

g

— Signal MC

— data

Incl. Bg. MC

P P s

i

Jly

. | %) | \Kc—»i

of

18 2 22 24 26 28 3

3 32 34
M(m*r )Rec GeV/cT]
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Analysis of h, > KdK*n¥ntn~
N, =5 Ng=1N,>2
K2 reconstruction:

Limit decay length and error determined by secondary vertex
fit: 1/A4 <2

0.487 MeV/c? < M(z*z™) < 0.511 MeV/c?

Common vertex ensured by converged vertex fit for all charged®
particles

Limit goodness of 6C-Fit: Yec < 40

Events / 0902 GeV/c?]

7° from v’ decay should not from other resonances:
|M(z* 2= 7%) — M(n)| > 20 MeV/c?
|M(z* 7~ 7°) — M(w)| > 20 MeV/c?

No Kz system should form a K* meson thus:
| M(K*z%) — M(K*)| > 50 MeV/c?
| M(K$7%) — M(K*)| > 50 MeV/c?

No z*z~ pair not resulting from the K decay should form a K3 :
|M(z*7™) — M(KQ)| > 20 MeV/c?

Background from y’ — ntz~J/w is suppressed by:
|M(z 77 ) g, — M(J1w)| > 30 MeV/c?

45

40

35

30

25

20

15

10

TTTTTTTTTTLI
[ { ‘

— data

Incl. Bg. MC

il [

W[TTTT

353 354 3,55
M(KSK*Tchn*n') [GeV/cT]

obtained efficiency 6.4%

structure as expected due to
h, - K*K=z*z=z channel
but smaller yield
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Background studies

= Here no peaking background can result from h, — y#,
due to misidentification of a 7"

= Main background contributions are:

process

final state

N rem Nexpected

KK~z 7z~ K(S)Kiﬂ“_“ﬂJrﬂ_ﬂo 114

K OK Ozt 7~ KgKiﬂ¢ﬂ+ﬂ_ﬂ0 98
K OK* %7+ 70 KgKiJZ"Tﬂ-l_JZ'_JZ'O 92

35 %
30 %
28 %

= despite the criterion to reduce K* resonances, events
in which the z° meson contributes to a K*, remain

29
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Events / [0.002 GeV/c?|

45

40

35

30

25

20

15

10

— data

Incl. Bg. MC

‘\\\T}T\\\\\\\\‘\\\\\\\\\\\‘\\\\l\\

W T
-
_|_

W[TTTT
(6)]

3.51 3.52 3.53 3.54 3,55

M(KK ) [GeV/cY]
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Determination of branching fraction of h, > K¢K*z*n*n~

Resolution Breit-Wigner @ Resolution + Argus
of m—y. )2
eT+GL(T , o < -0 ::_, g ET
- _1@2 Hl_u, . g....' > ‘.. .....o'o.-
=<e 3 (%5 ,—0L< —-<oy + 2 Gaussian e - T e
0.12_I m—p. 2 m—u 457 357 352 353 354 35

35

Pull
Events / 2 MeV/c?
A
o

30F
i P E
% B 25—
=500/ g
~ - 201
1)_"} - -
c - C
g I~ 15—
Tpoo0|— -
B 10
1500 5F-
: EIIJJ.I.I-I‘—I”IIIIII~I~“I~I_IJI_LI_IJ
10001 85 3.51 3.52 3.53 3.54 355
- M(KgKinim-) [GeV/c?
C . N
so0f- BF(h, » K¢K*7Fzt7")
- i =(7.6+1.7+£09+1.1)-1073
8757 -0.005 0 0.005 0.01

A M(K‘;K*ﬁnm') [GeV/c?]

Significance calculated to 3.2¢
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Overview of Selection Criteria

final state 2 J/pVeto on Veto on m°Veto on
NG M(m)m)pee M(M* M )pee M(N)pee M w K& Kg M(yy)
KK ntnn® v v v . .
KK ninfn™ v v v v s
ntn v v v v .
2(K*K)n® v v v
KK m° v v v
K*K™n v P
KK mn v v v
K'Knfn™n v v v v v
KoK ™ v v g
n AT Xt
ppr’n’ v v v v v v

Limit Goodness of kinematic fit to suppress background
Veto J/y in recoil systems

7Y from ' decay should not from other resonances

avoid fake 7°
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Overview of Selection Criteria

final state 2 J/pVeto on Veto on m°Veto on
NC MMM Dree MM T )ree M(Mpee 1 ® K= KO M(yy)
K'Kntnn® o v » S >
KgKi nfntn v v v v v v
ntn non v v v P y
2(K*K)n® v v v
KK m° v v v
K+K_“r] v P
KK mn v v v
KK nn v v v v ,
KoK ™ v v g
n AT Xt
PI_)”TO n° v v v v v v

Limit Goodness of kinematic fit to suppress background
Veto J/y in recoil systems

7Y from ' decay should not from other resonances

avoid fake 7°
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Overview of Selection Criteria

final state %2 J/"bveto on Veto on m0Veto on
NC M(m)mpee MW M )pee M(Mpee m @  K* K} M(yy)
KK ntnn® v v v . .
KoK n¥infn™ v v v v s
ntn v v v v y
2(K*K)n® v v v
K*K ™ n° v v v
K*K™n v P
KK mn v v v
K'Knrn™n v v P v v
KoK ™ v v g
n AT Xt
ppr’n’ v v v v v v

Limit Goodness of kinematic fit to suppress background
Veto J/y in recoil systems

7Y from ' decay should not from other resonances

avoid fake 7°
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Overview of Selection Criteria

final state 2 J/Veto on Veto on m°Veto on
e M(Tt(l) Ttg)R;ec M(T* T )gee M(Mpee M @ K= K(S) M(yY)
KK ntnn® v v v S .
KoK n¥infn™ v v v s
ntn non v v v P y
2(K*K™)m® v v y
KK n° v v y
K*K™n v P
K*K™nn v v v
K'Knrn™n v v P P v
KoK ™ v v y
n AT Xt
ppr’m’ v v v v v v

Limit Goodness of kinematic fit to suppress background
Veto J/y in recoil systems

7Y from ' decay should not from other resonances

avoid fake 7°
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Overview of Selection Criteria

final state %2 J/pVeto on Veto on 0Veto on
NC M(mmdlpee M(MF M )pee M(M)pee 7w K* K M(yY)
KK ntnn® v v v S .
KoK n¥infn™ v v v s
ntn non v v v P y
2(K*K™)m® v v y
K*K ™ n° v v y
K*K™n v P
K*K™nn v v v
K'Knrn™n v v P P y
KoK ™ v v y
n AT Xt
ppr’n’ v v v v v v

Limit Goodness of kinematic fit to suppress background
Veto J/y in recoil systems

7Y from ' decay should not from other resonances

avoid fake 7°
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Determination of Upper Limits

® Using Baysian method:

L d6,2(x]6,)P(6 = 6,)
0<6,
L d6'2(x|6")P(6 = 6")

00<0yp 0’'eo

0.9= j: d6,P(6 = y|x) =

= Taking systematic uncertainties into account by folding the likelihood with a gaussian distribution
Replace £(x|0) by

Leys(x]0) = f dx; L(xq, x5, xl ey X |0) - G(x; —x;,ui,Axi), X; fehlerbehaftete GroRe mit Fehler Ax;

= 12000~ g [
g r F < L
T oL a3 Folded Likelihood
25— - i
L 10000~ r
C r 0.8~ — Likelihood
20r 8000 i
L r - 06
151 6000 — i
101 4000— -
51 2000 0.2~
ol R R R R ol e b b S b L Ix10 07‘ T T R B
0  0.0002 0.0004 0.0006_0.0008_ _0.001 82502015 01-005 0 005 0.1 015 0.2 025 0 0.0002 0.0004 0.0006 0.0008 0.001

BF(h > 2(K'K)nd) BF(h — 2(K'K)n)
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At the Example of h, - 2(K*K")z’

= After applying all selection criteria, no

evidence for a signal contribution is visible!

20

18 — data

16
Incl. Bg. MC

14

Events /[0.002 GeV/c?]

12

10

(o]

\!\\\\1\\1\\\‘\\\‘\\\‘\\\‘\\\‘\\\
|
I

N »
_|_
EERERE

)]

1 | ﬁ

= e

3.51 3.52 3.53 3.54 3.55
M(2(K'K)rO) [GeV/c?]

wo
;[T

= determine an upper limit

37

L/ ax

1 B Convoluted Likelihood
0.8 B - = = = Likelihood
0.6—
04—
B Upper Limit: 2.0 - 10
0.2—
O_Ilal'llllllllil ' T | X1073

0.6 0.7 0.8
BF(h — 2(K*K')r0)

-0.1 0 01 02 03 04 05

BF(h, —» 2(KtK")z% < 2.0-107*

= systematic uncertainty of 18.5% taken
into account
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Events /[0.002 GeV/c’]

Events / [0.002 GeV/c?]

Same Procedure for other Final States

40

35

30

25

20

15

10

5

30

25

20

15

10

(4]

38

; — data
; Incl. Bg. MC
: ! 11
i i |
Il Il L Il 1 \ L L L L ‘ ‘ L Il \__\__
85 3.53 3.54 3,55
M(K*Knn) [GeV/c?
E — data
i Incl. Bg. MC
f H+
li L ‘ L L L L ‘ L L Il
5 3.53 3.54 3,55
M(K*K*nn) [GeV/c?]
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Events / [0.002 GeV/c?]

Events / [0.002 GeV/c]

20F
C — data
18+
16 Lo Incl. Bg. MC
14 ‘
12

10

'01\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\I\\!\

1

ik

L L Il
3.54 355
M(K*Kn0) [GeV/c?]

60

r — data
50

- Incl. Bg. MC
40

30

20

10

‘\‘\\\\‘\\\\\\\

+

T
i

| _'—T

wo
(4]

3.54 3.55
M(pp2n°) [GeV/c?]

Events /[0.002 GeV/c’]

Events / [0.002 GeV/c?]

1
3.55

20—
C — data
18—
16 Incl. Bg. MC
14H
121
10§

8;

o | | +

g | | J(

. l + +
2;

i JH( JF I

i i
& i s e e iz \i\ |
85 3.51 3.52 3.53 3.54
M(K*Km) [GeV/c]

70 T

L — data
607

- Incl. Bg. MC
50H ‘L |

40—

i i | +
30 L T
i + | T L _L+ ~\~
C ol |
201 (Lt ] |
L T
101 M,
L il
L 1 ‘ 1 Il L L ‘ L Il Il Il ‘ Il Il Il Il ‘ 1 Il 1 1 ]
85 3.51 3.52 3.53 3,54 3,55

M(K:Kinjf) [GeV/c?]
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Same Procedure for other Final States

3
g |
< 4
3 | = Convoluted Likelihood
0.8 B - = = = Likelihood
B \
0.6— o
[ )
"
- o A\
| d L)
oal- [ p
. i )
[ L Ay
- 1
B H 90% CL Upper Limit: 2.2 - 10®
02— /!
— ’
[ r
’
P Ol i
o | NN AP, SR RS N
0 0.002 0.004 0.006 0.008
BF(h — K*K'non)
i [
< 4=
] B = Convoluted Likelihood
0.8 N = = = = Likelihood
0.6—
0.4—
B Upper Limit: 2.5 - 103
0.2—
ol Ay, ey P R R
0 0.002 0.004 0.006 0.008 0.0"
BF(h — K'Kn*nm)
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8 ]
£ - £ -
I 1= El 1
3 | Convoluted Likelihood 3 | Convoluted Likelihood
L ) B \
O'BT B - = = = Likelihood 0'8f i - - - - Likelihood
- ‘I — ‘\
| Al | ! \
1 4
0.6 s 0.6 ] \
h 0y g 1
- h I B { 1
- d (1 - h L
- L & - \
Ll 1 1
0.4 i 3| 0.4 )
- 1 Al [ 1 A
- L -
L . 90%CL Upper Limit: 5.7 - 10 L ' 90% CL Upper Limit: 9.2 - 10
02— , 0.21— /
- A - )
L ’ - ,
’
- g L ’ N
0 S| il LY NI . 0 AN . 2. AR PR R
0 0.0005 0.001 0.0015 0.0( —-0.0005 0 0.0005 0.001 0.0015 0.002 0.0025 0.003
BF(h — K*K'n®) BF(h — K*Km)
EI - Convoluted Likelihood E'E 11—
- | = Convoluted Likelihood
0'8j = = = = Likelihood 0.8 - = = = Likelihood
0.6\— 06—
0.4 0.4
- 90% Ci Upper Limit: 5.7 - 10* i 90% L Upper Limit: 6.4 - 10*
0.2 02
ok ST LA N ‘ T
=0.002  -0.001 0 0.001 0.002 0.003 0.0 0 —0.001 0 0.001 0.002 0.003

BF(h — ppn°n®)

BF(h— KeK'r)
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Summary and Outlook

In total 10 final states have been analyzed which have never been measured
before

It was possible to find hints for 3 new decay modes of the hc

Furthermore indications for contributing intermediate resonances have been
found for h, - K*K-z*z"z"

For all other final states upper limits have been determined

Comprehensive systematic studies have been performed for all final states

final state BF(h. — X)
K'K-nn n’ (3.3£0.4+0.3+£0.5)-107°
KK *nFntn~ (7.6£1.7+£09+1.1)-107°

ntn mon (7.3+£1.94+0.8+1.1)-1072

2(KTK ) <2.0-107*

K*K™m° <5.7-107*

K*K™n <9.2-107*

KtK™nn <2.2-1073
K'K ntnn <25-107°

KoK m¥ <6.4-107*

ppmm® <5.7-107*

Looking forward to taking further steps and preparing a Memo!
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Thank You!




42

Overview of Systematic Uncertainties

PID and

kinematic

final state . Selektion efficiency fit BF YA2
reconstruction fit !
K*K atn n 7.2 5.7 1.5 5.1 1.5 15.1 185
b ) Al 7.3 5.4 2.1 6.3 2.3 15.1 19
2(K*K™)n" 7.2 4.7 2.3 5.2 3 151 185
K*K n" 5.3 4.2 1.9 4.1 33 151 175
K K™ 5.3 3.5 1.9 3.7 3.1 151 172
KK~ 7.3 3.9 2 4.5 3.5 15.1 182
KK n*mnn 7.2 5 1.6 3.4 42 151 183
KOK*m* 6.4 4.4 2.1 4 2.8 151 17.8
KOK* ¥t 9 4.5 3.9 5.3 35 151 196
ppr’n’ 7.3 6.1 2.7 4.9 3 151 189
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