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@ Extraction of (uncorrected) number of events in W bins,
2-prongs, three methods:

o fit of Gaussian shapes
e counting of events in mass windows centered around resonances
o MC templates fractional fit (root TFracFitter)

@ 4-prongs
@ Conclusions/Plans

G. Grzelak (UW) $(28)/J/4(18) in PHP 15-May-2018  2/17



2PR: Signal extraction: fit parametrisation

@ Gaussian shape: G(x) or g(x) = N- A ﬁ exp (—%)
where: N —number of events, A — mass bin width,

m —mean value, o — RMS

for J/v: Ny - Gi(x) + No - Go(x)

for "2 Ni - g1(x) + N3 - ga(x)

introducing: N = Ny + No, N' = Nj + Ny, R =N
with additional constrains: my = mp, m, = mj,

ﬁ_az_ &= N Np
S WE=N=N

o1

o final formulae

F(x) = N-((¢-G1(x)+(1-8)-Gz(x))+R-(£-91(x)+(1-£)-92(x)))+BG(x)
@ background function: BG(x) = A- (x — B)® - exp(—D(x — B))
where A, B, C, D are fit parameters
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2PR: Signal fit: ALL W bins (30-180) GeV

mass01_JPSI_PSI2S_ext2: W ALL (30,180) |

events

10°

10?

10

@ histograms are DIFFVM and GRAPE (BH) MC
@ good description of data by fits and MC

X2/ ndf 290.1/149
Njpsi 2.038e+04 * 1.512e+02
sl 0.02808 + 0.00047
ml 3.093 +0.000
ksil 0.5692 +0.0091
s2 0.1057 +0.0022
R 0.02934 +0.00215
m2 3.683 +0.003
a 1.223 £0.109
Abg 207.1+13.4
beta 1.083 +£0.048
b 1.111 +0.041
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2PR: Signal fit: W1 bin (30-80) GeV

mass01_JPSI_PSI2S_ext2_W1: W(30,80) |

events
T

10°

10?

10

X2/ ndf 176.7 / 148
Njpsi 8859 +103.3
sl 0.02768 + 0.00066
ml 3.092 +0.000
ksil 0.5699 +0.0135
s2 0.1083 £ 0.0031
R 0.03255 + 0.00360
m2 3.681 + 0.005
a 1.294 +0.158
Abg 107.5 +12.5

1.623 +0.106

1.309 +0.079

@ histograms are DIFFVM and GRAPE (BH) MC

@ good description of data by fits and MC
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2PR: Signal fit: W2 bin (80-130) GeV

mass01_JPSI_PSI2S_ext2_W2: W(80,130) |

events

221.9/149

7314 £89.2
0.02558 + 0.00060
3.095 +0.000
0.7125 +0.0193
0.08088 + 0.00420
0.02436 + 0.00264
3.689 +0.004
1.045 £0.127
1158 +11.3
1.024 +0.067
1.441 + 0.068

@ histograms are DIFFVM and GRAPE (BH) MC
@ good description of data by fits and MC
@ BH MC differs from BG fit for high mass
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2PR: Signal fit: W3 bin (130-180) GeV

[ mass01_JPSI_PSI2S_ext2_W3: W(130,180) | >’$/ ndf 201.6 /147
jpsi 4329 £72.5
o 100 sl 0.05909 =+ 0.00298
S E mi 3.094 +0.001
> C ksil 0.5427 +0.0422
@ - s2 0.1505 + 0.0082
L R 0.03261 + 0.00460
m2 3.673 +0.010
10° = a 0.8443 +0.1330
- Abg 18.25 £ 3.73
C beta 0.9292 +0.1391
- b 0.7961 + 0.1204
10 i i ]l i ]l
= g 105 it
- 0 ] L Ju | (I |
: i ‘ i il j‘l‘ 1l
l2 4I5 | 5I5J bl 6I
M (GeV)

@ histograms are DIFFVM and GRAPE (BH) MC
@ good description of data by fits and MC
@ BH MC differs from BG fit for low mass
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10°

107

Double Gaussian mass fits: systematics checks

p+y- inv mass. 30 < W <80

|
p+- inv mass. 80 <W < 130

H+p- inv mass. 130 <W < 180

g

@ various fit schemes were compared:
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= M, etc.

relaxing mass constralns m1 # my, m1 # m2, (yellow curve)
no constrains on a = 1 =

(PLOTS BY MA)
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Mass fits: systematics checks: summary
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@ R = valuesin W bins, various fit schemes were compared:

relaxing mass constrairlls: m # My, my # my,, (yellow point)
no constrainsona = 2t = 2, or ¢ = N
1 o2

- N

’
= Ny etc.

(PLOTS BY MA)
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Independent cross-check of signal extraction in W bins

@ event counting w/o Gaussian fits, (only BG fit used for BG subtraction)

@ Ratio R = NW obtained counting events in mass windows centered
around J/1 and ¢’ peaks is plotted as a function
of the half window width =AM, ,,

@ ratio of the windows width AM,,, /AM,,,, fixed according to detector
resolution obtained from Gaussian fits: o = 2 = %

a1 o2

@ for comparison red lines are R t+err values from the Gaussian fits
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Independent cross-check of signal extraction in W bins

mass01_JPSI_PSI2S_ext2_W1: W(30,80) ] rar 17677148 massO01_JPSI_PSIZS_ext2_W2: W(B0,130) Ja 22157149 20051147
[massoL_JPSLPSIZS extz WL WE080) [ ooso 11033 | -massOLIPSLPSIZS etz W2 WEO.L30 7314 2892 329 £ 725
9 st 0027682000066 | @ sL 002558 £000060 005909 = 000298
g m 300220000 [ mt 3095 +0000 01
H ksit ose09 z00135 [ 2 sit 07125 00193 05427 20,0422
B 10| s2 01083 200031 | @ 10°f s2 008088 000420 0.1505 +0.0082
R 003255 000360 R 002436 =0.00264 003261000460
m2 368120005 m2 3689 £0004 3673 £0010
a 1204 0,158 a 1045 +0.127 08443 +0.1330
Abg 1075 2125 Abg 1158 £113 18.25 £3.73
107 beta 1623 20108 0wk beta 1024 £0.067 09292 01301
b 1309 20079 b 14410068 07961 £0.1204
10) 10)
s
2 25 3 85 4 45 5 55 % 25 3 35 4 45 5 55 6 2 25 3 35 4 45 5 55 6
M (GeV) M (GeV) M (GeV)
mass01_JPSI_PSI2S_ext2 W1: W(30.80 massOL_JPSI_PSI2S_ext2 W2: W(80,130) massO1_JPS|_PSI2S_ext2 W3: W(130,180)
= = 50
K alpha = 1.294 +- 0.16 & alpha = 1.045 +- 0.13 & alpha = 0.8443 +-0.13]
Hoasf- 20.045f~ 20045
& 2 Q
Soosf Sooaf- S 0,04
g g & H. X N LA
%035 Zo.03sf Z0.035, I~
T
ot AN {150 S oas
0.025H o025 PRI | 0.025
e e
oof oorf] 1] oot
TPV TUIE VUt U T TV T [T S T T FVET I FUVIT TN O] TV T VIt U TV TOUT TN
T0b 61 015 02 02 03 O 04 045 T05 b1 015 02 025 03 0% 04 045 To5 o4 0I5 02 025 03 0% 64 0
+-deltaM (GeV) +-deltaM (GeV) +-deltaM (GeV)

@ for comparison red lines are R terr values from the Gaussian fits
@ consistent ratio (R = NW') and its errors

@ ratio R is plotted as a function of the half window width AM,, = aAM,,,,
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Number of events from MC template fits do DATA

[[mass01_JPSI_PSI2S_ext2: W ALL (30,180} mass01_JPSI_PSI2S_ext2 W1: W (30,80)
@ E [ 2
H E 0 spsispsizseam H
3 - ) Ipsiel+pd 3

M (GeV)

T
0 Psi+Psi2S+BH
—
) PsizS elvpd
— Y

events
events

2 25 3 35 T 75 5 55

g
M (GeV)

@ using root TFracFitter
@ delivers only number of events (bug in errors calculation for weighted MC)

@ (second pink peak from cascade decays of )’ events)
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2PR: Number of events: templates fit vs. Gaussian fit

Sheetl
N_JPSI_temp [N_JPSI_bg |[N_JPSI_fit |_err |N_PSI2S_temp [N_PSI2S_fit|_err
ALL 20125.2 440.139 20380 151.2 545.708 598 45.4
W1 8711.88 185.526 8859 103.3 226.704 288.4| 33.7
W2 7276.63 182.829 7314| 89.2 178.514 186.7| 14.4
W3 4327.45 74.3153 4329 725 156.017 141.2 20

@ fractional fitter allows to subtract BG to the J/v peak
from cascade decays of ¢/ — J/v + ..., J/Yp — pt + p~

@ all numbers in W1-W3 bins consistent within < 1 sigma

@ with exception of N, in W1 bin (~ 1.8 sigma agreement)
— different BG shape from fit and MC template and
a bit asymmetric template for main N,;,,, peak (see page no. 5)
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R in 2PR: summary of 3 methods

massOL IPSI PSIZS extz WL WE080) Trdt 17677148 massO01_JPSI_PSIZS_ext2_W2: W(B0,130) Ja 2197189 20067147
si ooso 11033 | -massOLIPSLPSIZS etz W2 WEO.L30 7314 2892 2725
9 st 002768 +000066 | @ sL 002558 £000060 005909 = 000298
g m a0 to000 | & m 3095 +0000 0.001
H ksit 05699 z00135 [ 2 sit 07125 +0.0193 05427 20,0422
B 10| s2 01083 200031 | @ 10°f s2 008088 000420 0.1505 +0.0082
R 003255 000360 R 002436 =0.00264 003261000460
m2 368120005 m2 3689 £0004 3673 £0010
a 1204 0,158 a 1045 +0.127 08443 +0.1330
Abg 1075 2125 Abg 1158 £113 18.25 £3.73
100 beta 1623 20106 0w beta 1024 £0.067 09292 x0.1301
b 1309 20079 b 14410068 07961 £0.1204
10) 10)
s
2 25 3 85 4 45 5 55 % 25 3 35 4 45 5 55 6
M (GeV) M (GeV) M (GeV)
massOL_JPSI_PSI2S_ext2 W1: W(30.80) massOL_JPSI_PSI2S_ext2 W2: W(80,130) massO1_JPS|_PSI2S_ext2 W3: W(130,180)
= = 50
Ky alpha = 1.294 +- 0.16 & alpha = 1.045 +- 0.13 & alpha = 0.8443 +-0.13]
Hoasf- 20.045f~ 20045
g g g
Soosf Sooaf- S 0,04
& & & e I 0 SO
%035 Zo.03sf Z0.035, —
T
< 97z WO T 0.03H] 003
o.025H 0.025 0.025}
H m 11
oof oorf] 1] oot
TPV TUIE VUt U T TV T [T S T T FVET I FUVIT TN O] TV T VIt U TV TOUT TN
T0b 61 015 02 02 03 O 04 045 T05 b1 015 02 025 03 0% 04 045 To5 o4 0I5 02 025 03 0% 64 0
+-deltaM (GeV) +-deltaM (GeV) +-deltaM (GeV)

@ red lines are R Lerr values from the Gaussian fits

@ blue lines are R from MC templates fit (TFracFitter)

@ points are A from event counting in mass window AM,, = aAM,,y, o £ err
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4PR: Number of events
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@ (almost) background free (see next table): ALL, W1, W2, W3 bins
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4PR: Number of events

Sheetl

N_psi2s |N_bg N_bg_err
ALL 361 1.7 0.22
W1 142 0.6 0.16
W2 131 0.4 0.1
W3 88 0.8 0.14

@ BG estimated from ALL non (u*, u~ 7r+ T ) final states of DIFFVM MC
like photon conversion from + — (u+, =, 70, 7°) final states etc...

@ running on inelastic " MC for HERA Il (HERWIG generated by Alessandro)
delivered exactly 0 events after all selection cuts
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Conclusions/Plans:

@ 2PR: consistent number of events for J/« and v’ resonances
in W bins using 3 different methods

@ apply corrections for BR and acceptance for each channel
and each data taking period

@ compare corrected number of )’ events
for 2PR and 4PR channels

@ calculate the final / corrected ratio R in W bins
@ systematics
@ paper draft (started already)
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