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Monte Carlo Simulation
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« Two intermediate resonances (Z(4430)" and ¥(25)),

* Four final state particles : ¥, m~,e*tand e~ (or p* and p7).



Reconstruction Algorithm & Strategy ( A1l Candidates )

* For particle reconstruction, we used an algorithm to select particles like in this *
scheme. After each cut/selection algorithm, reconstructed mass was remaked. C . )
Rough Mass Selection
e At first, no cuts and nothing applied, just all reconstructed mass for that particle. *
e Secondly, we applied a Rough Mass Cut about =+ 0.25 GeV with
“RhoMassParticleSelector”. C“dMCTr”thMatCh Algo””‘")
Selection
« After that, McTruthMatch algorithm to select particles were applied. *
* Then, McTruthMatch filtered candidates were gathered and Vertex Fit ( p>0.01)
applied to them. [ Vertex Fit j

* Lastly, after all that selection algorithm filters, last survived particle candidates were *
also applied a Mass Constraint Fit which is also p>0.01.

Mass Constraint Fit



VeI / V.VUL

Analysis Update with Bigger Data (2M)
[2(4430)* @u* 1~ channel]

2M Events (after Mass selection, FTM,

2M events (no cuts) Vertex fit and mass constraint fit cuts)
All Mass After Mass Constraint Fit
Z4430_plus_mass_all Z4430_plus_M_after_mcf
- Entries 1227591 S 60000 — Entries 692337
60000 __ Mean 4.46 3 B Mean 4.477
— Std Dev 0.2268 n — Std Dev 0.09132
. % 50000 .ZC(4430)+
50000 " h
- 40000 —
40000 — -
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36 38 4 42 44 46 48 5 52 54 36 38 4 42 44 46 48 5 52 54
M(Z(4430)") [GeV/c?] M(Z(4430)") [GeV/c?]
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Analysis Update with Bigger Data (2M)

2M Events (Breit-Wigner fit after cuts)

After Mass Constraint Fit [ Breit-Wigner Fit After Cuts | Z4430_plus_M_after_mcf
. Z4439_p|us_M_after_mcf Entries 692337
:35 60000_— ,\E/Intrles 65;223; % = Mean 4477
: - ean - = - Std Dev 91.32
- Std Dev  0.09132 - :
g ) ev 8 60000 [ 42/ ndf 1.332e404 /15
2 50000 [z 4420 s F Prob 0
- S 50000/ — const____ 1.006e+05 :+ 1.871e+02
L w C gamma 181.8 £ 0.4
40000 — C mean 4480 + 0.2
C 40000 (—
30000— u
- 30000 —
20000 — 20000 —
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ot L Sy 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400

3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 5.4

M(Z(4430)") [GeV/c?]

% 21.04.2020 Updated by K. Goetzen. The format and convention are based on the current evt.pdl and PDG 2019
* — Updated particle data from http://pdg.lbl.gov/2019/mcdata/mass_width_2019.mcd and http://pdglive.lbl.gov
* — Ordering according to http://pdg.lbl.gov/2008/reviews/montecarlorpp.pdf

* [basic]
add p Particle Z_c(4430)-

mass/GeV width/GeV max_Dm/GeV
-99210443 4.4780000e+00 1.8100000e-01 1.8100000e+00

l

3xcharge 2xspin lifetimexc/mm PythiaId

-3 2 0.0000000e+00 -99210443

|
1
|
1
\

Z(4430) Mass
Z(4430) Width :

M(Z(4430)") [MeV/c?]

Z(4430) Mass

Z(4430) Width :

Z(4430) Mass = 99.96% accuracy
Z(4430) Width = 99.56% accuracy



Analysis Update with Bigger Data (2M)
[Z(4430)* @e* e~ channel]

LVCIIL / V.VUL
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2M Events (after Mass selection, FTM,
Vertex fit and mass constraint fit cuts)

After Mass Constraint Fit

Z4430_plus_M_after_mcf
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Analysis Update with Bigger Data (2M)

2M Events (Breit-Wigner fit after cuts)

After Mass Constraint Fit

Z4430_plus_M_after_mcf
Entries 225535
Mean 4.46
Std Dev  0.09251
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M(Z(4430)") [GeV/c?]

* 21.04.2020 Updated by K. Goetzen. The format and convention are based on the current evt.pdl and PDG 2019
* — Updated particle data from http://pdg.lbl.gov/2019/mcdata/mass_width_2019.mcd and http://pdglive.lbl.gov
* — Ordering according to http://pdg.lbl.gov/2008/reviews/montecarlorp

| Breit-Wigner Fit After Cuts | Z4430_plus_M_after_mcf
Entries 225535
% F Mean 4460
E 20000 — Std Dev 92.51
« 18000 :_ x2 / ndf 7658 /16
12} - Prob 0
§ 16000 — const 3.201e+04 + 1.050e+02
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3600

* [basic] i mass/GeV width/GeV max_Dm/GeV  3xcharge 2*spin lifetimexc/mm Pythiald

add p Particle Z_c(4430)- -99210443 4.4780000e+00 1.8100000e-01 1.8100000e+00 -3

2 0.0000000e+00 -99210443

3800 4000 4200 4400 4600 4800 5000 5200 5400

M(Z(4430)") [MeV/c?]

Z(4430) Mass :

Z(4430) Width :

l

Z(4430) Mass
Z(4430) Width :
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Z(4430) Mass = 99.58% accuracy
Z(4430) Width = 99.23% accuracy
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Analysis Update with Bigger Data (2M)
[2(4430) @u* u~ channel]

2M Events (after Mass selection, FTM,

2M events (no cuts) Vertex fit and mass constraint fit cuts)
All Mass After Mass Constraint Fit
Z4430_minus_mass_all Z4430_minus_M_after_mcf
o Entries 1224873 S 60000 — Entries 688767
- Mean 4.461 2 B Mean 4.477
60000 — Std Dev 0.2262 n - Std Dev  0.09094
. j 50000 .Zc(4430)'
50000, -
- 40000/—
40000 — -
- 30000|—
30000 — -
20000 20000 —
10000 10000
0_ 0_I|III|III|III| |III|III|III|I
36 38 4 42 44 46 48 5 52 54 36 38 4 42 44 46 48 5 52 54
M(Z(4430)) [GeV/c?] M(Z(4430)) [GeV/c]



Analysis Update with Bigger Data (2M)

2M Events (Breit-Wigner fit after cuts)
After Mass Constraint Fit

_ | Breit-Wigner Fit After Cuts | Z4430_minus_M_after_mcf
Z4430_minus_M_after_mcf -
Y 60000 Entries 686767 - _ Entries ees767
> N Mean 4.477 Q -
) - Std Dev 0.09094 = 60000 - Std Dev 90.94
> 50000 . Z,(4430) o - 2 / ndf 1.416e+04 /15
1 1] - Prob 0
B & 50000 — const  1.008e+05 =+ 1.882e+02
B L - gamma 179.7 £ 0.4
40000E N mean 4480 +0.2
C 40000 [—
30000 — -
- 30000
20000F 20000 |—
100001~ 10000 |— . -
B N HJ- -Lh
0 _| [ T [ T T O._I | IR N T R N SR |"| PRI AT R S (N . A N N R A N SN RN N SRR
36 38 4 42 44 46 48 5 52 54 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400
M(Z(4430)) [GeV/c?] M(Z(4430)) [MeV/c?]

* 21.04.2020 Updated by K. Goetzen. The format and convention are based on the current evt.pdl and PDG 2019
* — Updated particle data from http://pdg.lbl.gov/2019/mcdata/mass_width_2019.mcd and http://pdglive.lbl.gov
% — Ordering according to http://pdg.lbl.gov/2008/reviews/montecarlorpp.pdf

Z(4430) Mass :

Z(4430) Width :
| .

* [basic] i mass/GeV width/GeV max_Dm/GeV  3xcharge 2xspin lifetimexc/mm Pythiald (: )

add p Particle Z_c(4430)- -99210443 4.4780000e+00 1.8100000e-01 1.8100000e+00 -3 2 0.0000000e+00 -99210443

l Z(4430) Mass = 99.96% accuracy

Z(4430) Width = 99.28% accuracy
Z(4430) Mass i /
Z(4430) Width :

L)
’
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Analysis Update with Bigger Data (2M)
[Z(4430) @e™ e~ channel]

2M Events (after Mass selection, FTM,

2M events (no cuts) Vertex fit and mass constraint fit cuts)
All Mass : :
. After Mass Constraint Fit
Z4430_minus_mass_all -
22000 — Entries 486924 q — Z4430._m|nus_M_after_mcf
- Mean 4.403 2 20000 Entries 236004
20000 — StdDev  0.2353 2 - '\S"tza; o 0‘;'24?;
- 2 18000, ev O
Z.(4430 2 ]
18000 [ %4420 g B z. 4430
16000 — 16000:
14000 — 140001~
12000 F- 12000
10000 - 10000 [—
8000 8000 —
6000 — 6000 |—
4000~ 4000
20001 2000/—
036 3.8 4 4.2 4.4 4.6 4.8 5 5.2 54 0_|||||||||||||| Lo vy by g 1
M(Z(4430)) [GeV/c?] 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 5.4

M(Z(4430)) [GeV/c?]
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Analysis Update with Bigger Data (2M)

2M Events (Breit-Wigner fit after cuts)

After Mass Constraint Fit

Z4430_minus_M_after_mcf

20000

18000

Z.(4430)
16000

14000
12000
10000
8000
6000
4000

2000

Entries 236004
Mean 4.461
Std Dev  0.09219

0I|III|III|III|
3.6 3.8 4 4.2 4.4 4.6 4.8

5.2 54

M(Z(4430)) [GeV/c?]

* 21.04.2020 Updated by K. Goetzen. The format and convention are based on the current evt.pdl and PDG 2019
* — Updated particle data from http://pdg.lbl.gov/2019/mcdata/mass_width_2019.mcd and http://pdglive.lbl.gov
* — Ordering according to http://pdg.lbl.gov/2008/reviews/montecarlorpp.pdf

* [basic] i mass/GeV

width/GeVv max_Dm/GeV

Events / 20 MeV

22000
20000
18000
16000

| Breit-Wigner Fit After Cuts | Z4430_minus_M_after_mcf
Entries 236004
Mean 4461
Std Dev 92.19
x2 / ndf 8281/16
Prob 0
const 3.362e+04 + 1.085e+02
gamma 181.1 £ 0.7
mean 4460 + 0.3

14000
12000
10000
8000
6000
4000
2000
0

3600

3xcharge 2xspin lifetimexc/mm Pythiald

add p Particle Z_c(4430)-

l

Z(4430) Mass :
Z(4430) Width :

—99210443 4.4780000e+00 1.8100000e-01 1.8100000e+00

2 0.0000000e+00 -99210443

3800 4000 4200 4400 4600 4800 5000 5200 5400

M(Z(4430)') [MeV/c?]

Z(4430) Mass :

Z(4430) Width :

’

|
1
|
1
\

\

Z(4430) Mass = 99.60% accuracy
Z(4430) Width = 99.94% accuracy

------------------------------------------------------------- 10



Analysis Update with Bigger Data (2M)

[z(4430)* @p" p~

channel]

After Mass Constraint Fit

[Z2(4430)- @u* 1~ channel]

After Mass Constraint Fit
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[Z(4430)* @e* e~ channel]

After Mass Constraint Fit

LVEIID / v.uc

18000

16000

14000

12000

10000

8000

6000

4000

2000

0

4.4

4.6

Entries 692337
Mean 4.477
Std Dev 0.09132

48 5 52 54
M(Z(4430)") [GeV/c?]

Z4430_plus_M_after_mcf

Z,(4430)"

3.6 3.8 4 4.2

44

4.6

Entries 225535
Mean 4.46
Std Dev_ 0.09251

48 5 52 54
M(Z(4430)") [GeV/c?]

LVEIID / V.uc

60000

50000

40000

30000

20000

10000

[Z(4430)-

LVEIIWD / V.uc

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Z4430_minus_M_after_mcf

Z,(4430)

v b Py |
3.6 3.8 4

@e* e channel]

Entries 688767
Mean 4.477
Std Dev_ 0.09094
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After Mass Constraint Fit
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Analysis Update with Bigger Data (2M)
[2(4430)* @u* u~ channel] [2(4430) @u* u~ channel]

— - Breit-Wigner Fit After Cuts Z4430_minus_M_after_mcf
| Breit-Wigner Fit After Cuts | Z4430_plus_M_after_mcf | 9 | Entries 683767
Entries 692337 > -
- — Mean Py > C Mean 4477
3 C = o000l Std Dev 90.94
= 60000~ Std Dev 91.32 ] n 72/ ndf 1.416e+04 /15
& C 22/ ndf 1.332e404 /15 > - Prob 0
e - Prob 0 S 50000 const  1.008e+05 + 1.882e+02
] 50000 — const 1.006e+05 + 1.871e+02 1 » gamma 179.7 + 0.4
i o gamma 181.8 £ 0.4 C mean 4480 + 0.2
= mean 4480 + 0.2 40000 |— -
40000 {— C
- 30000 —
30000 — C
- 20000 —
20000 — C
C 10000 — -
10000 — - - - - -
- o ™ C o "
R m - _I I 1 1 1 I 1 1 1 I 1 1 1 I-I 1 1 I 1 1 1 I 1 I-I I 1 1 1 I 1 1 1 I 1 1 1 I 1
oCle v b b 1M by L™ Lo Lo b L 073600 3800 4000 4200 4400 4600 4800 5000 5200 5400
3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 M(Z(4430)) [MeV/c?]

M(Z(4430)") [MeV/c?]

[Z(4430)* @e* e~ channel] [Z(4430) @e™ e~ channel]

| Breit-Wigner Fit After Cuts | Z4430_plus_M_after_mcf | Breit-Wigner Fit After Cuts | 24430_minus_M_after_mcf
Entries 225535 Entries 236004
> = Mean 4460 % 22000 Mean 4461
= 20000 — Std Dev 92.51 = 20000 F- Std Dev 92.19
S Ls000F 12/ ndf 7658/16 8 = 12/ ndf 8281/16
2 = Prob 0 £ 18000 Prob 0
S 16000 const  3.201e+04 + 1.050e+02 o - const  3.362e+04 + 1.085e+02
w - gamma 182.4 + 0.7 W 16000 gamma 1811+ 0.7
14000 — mean 4459 + 0.3 14000 mean 4460 + 0.3
12000 - 12000 =
10000 - 10000 | —
8000 8000
6000— 6000 —
4000 4000
E o - 2 - ..F- -.
2000 N . 000F - "™
i BT BN BT B R AL B BT B 0_| Lo b v b v by by by e Ly by by
073600 3800 4000 4200 4400 4600 4800 5000 5200 5400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400

M(Z(4430)") [MeV/c?] M(Z(4430)) [MeV/c?]
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DPM analysis (7M Filtered Events)
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DPM analysis (7M Filtered Events)
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DPM analysis (7M Filtered Events)

[Z(4430) @u* 1~ channel]
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DPM analysis (7M Filtered Events)
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Analysis Update with Bigger Data (2M)
[2(4430)* @u* u~ channel]

# of Entries
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Analysis Update with Bigger Data (2M)
[Z(4430)* @e™ e~ channel]
# of Reconstructed Z(4430)* Candidates (200 x 10.000 Events of Data)
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Analysis Update with Bigger Data (2M)
[2(4430) @u* u~ channel]
# of Reconstructed Z(4430) Candidates (200 x 10.000 Events of Data)
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Analysis Update with Bigger Data (2M)
[Z(4430) @e™ e~ channel]
# of Reconstructed Z(4430) Candidates (200 x 10.000 Events of Data)
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Analysis Update with Bigger Data (2M)

# of Reconstructed Z(4430)¥ Candidates (200 x 10.000 Events of Data)

For 2M Events:

Channel :\| After Cuts Reconstruction
Candidates Efficiency

2(4430)* @u*tpu~ 1.227.591 692.337
2(4430)* @ete~  462.942  255.535
2(4430) @u*pu~ 1.224.873 688.767
Z(4430) @ete~  486.924  236.004

34.62%
12.78%
34.44%
11.80%

# of Entries

1.25x106 |
1x106 |
750000 |
500000 |

250000 |

Z(4430)* p* (Al) —l—
Z(4430)* pu*y (Cuts) —l—

Z(4430)* e*e” (All) —©—
Z(4430)* e*e” (Cuts) —@—

Z(4430) pHp (All)
Z(4430)" pu*u (Cuts)

Z(4430) e*e” (Al) —@—
Z(4430) e*e” (Cuts) —@—
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Discussion & Outlook

* We produced and analyzed 2M signal events for each Z(4430)* channel separately as well as 7M filtered
DPM events at maximum beam energy of 15 GeV.

* For these Z(4430)* analysis studies, we are aiming to find particle widths accurately by fitting the
reconstructed candidate distributions via Breit-Wigner function.

« We found mass and width of Z(4430)* more accurately than previous studies for each channel with Breit-
Wigner fit by using PANDA detector simulated data.

* Efficiency study for those channels were also done.

 We are aiming to do cross-section estimations for this analysis in further studies.

22



THANK YOU FOR YOUR
ATTENTION!



