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{)Z g4 £ More detailed systematical uncertainty study

Fudan University

Systematic uncertainty(%o)

Niag 0.71

4C fit 2.68
Cut for mj5 " 10.74
Cut for m; %, 4.03
Nsig 0.67

MC statistics 0.01
Tracking for p 1.00
Tracking for u 1.00
PID for u 2.00
Sum 12.07

This table have been presented in light hadron meeting on July 30



(Z Lk F Refer to the method which Patrik used in BAM-00388

Fudan University

Aa = |amam — asyst| O quncorr. = \/ |a§,main - Gczl,syst
Aa: Absolute difference between the main O g uncorr.: Uncorrelated uncertainty
result and the systematical test result
Anain: Main result O o main* Statistical uncertainty of main result
Asyse: Systematical test result 0 qsyst: Statistical uncertainty of systematical test result

¢ = Aa/ O q uncorr.

As a general rule of thumb, we chose to consider £ > 2 as a threshold for when a test is significantly
deviating from the main result. Even in a sample with no systematic effects present one expects C > 2 for one
out of twenty cross checks.
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1.Systematical uncertainty test for mz,  cut
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Branching fraction with different m}i\;co” cut
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Different Cut(>) Branching Fraction Statistical Uncertainty Percent
0.165 1.55E-04 2.35E-05 15.13%
0.166 1.55E-04 2.20E-05 14.19%
0.167 1.32E-04 2.26E-05 17.16%
0.168 1.48E-04 2.41E-05 16.21%
0.169 1.52E-04 2.25E-05 14.81%
0.170 1.67E-04 2.55E-05 15.28%
0.171 1.55E-04 2.66E-05 17.14%
0.172 1.49E-04 2.91E-05 19.53%
0.173 1.54E-04 3.38E-05 21.88%
0.174 1.37E-04 3.68E-05 26.83%




‘ R Systematical uncertainty for mZiCOll cut
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After 9 tests, there are two C values lager than 2. However, these two points are lower than the main cut,
and we did not use these samples for analysis. Therefore, can we ignore the systematical uncertainty?
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Red data point with error bar: central value with

statistical uncertainty of main result.

Blue data points with error bar: central value of The nominal cut is m=¢°" > 0.170
systematical test and uncorrelated uncertainty. Ap

Red line: central value of main result.
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Sig
pu(4C)

2.Systematical uncertainty test for m cut
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DT yield in data with different mp b ( 4 C) cut

E T T T T T T = 20:_ T T T T T T T =
18 — E 3
- - 18_— —
16~ - 3
=m? < 1.101 = = E
145 ,u(4C) = 125 3
12E- 4 g ,E E
- = e - -
"E ER S E
SE EEa = -
6 E = =
4= = = =
2 — 2 —E
=" Uﬁg Ed i3 ARIONE:
4 ' o s Bt : 4 5
0F ,saﬁﬁ'}”r“ r{'ﬁ‘{.“ sttt %ﬁ;%%%%%%; X s AtEeEeeeed
36.08 2006 -004 002 0 002 004 006 608 006 004 002 0 002 004 006

= LA R BN T T T = 22

< 1.102 : "

= m’ E

16— pu(4C) — i

14? é o 14

12 = <§ 12

10 = > 10

SE- 4 M

6 E 6

4 € 4

2 — 2

2 ORE: .

4 5 4 5
608 006 004 002 0 002 004 006 608 006 004 002 0 002 004 006

Umiss Umiss

Events

fm
;j 7T
éi ‘I;él 366 15 ‘Z§6 z ;61 3; Py Iéi 3666060
* IéITT g,y§, , §99 b4 ToeT 1 PeTYTT
08 006 004 002 0 0.02 004 0.06
Umiss




\)N”/G
S0 4
el 1 3 & &
x e
{86%” Fudan University

Branching fraction with different m

Sig
pu(4C)

cut

Different Cut(<) Branching Fraction Statistical Uncertainty Percent
1.095 1.79E-04 2.73E-05 15.30%
1.096 1.77E-04 2.70E-05 15.24%
1.097 1.71E-04 2.62E-05 15.30%
1.098 1.72E-04 2.59E-05 15.09%
1.099 1.73E-04 2.61E-05 15.08%
1.100 1.67E-04 2.55E-05 15.28%
1.101 1.82E-04 2.79E-05 15.32%
1.102 1.84E-04 2.92E-05 15.89%
1.103 1.74E-04 2.63E-05 15.14%
1.104 1.85E-04 2.93E-05 15.84%
1.105 1.91E-04 2.87E-05 15.03%




‘ (Z ¢ X F Systematical uncertainty for m 5tg cut

pu(4C)
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After 10 tests, the values of all { are smaller than 2, therefore, the systematical uncertainty
can be ignored.
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Red data point with error bar: central value with

statistical uncertainty of main result.

Blue data points with error bar: central value of The nominal cut is mp u(ac) < 1.100
systematical test and uncorrelated uncertainty.

Red line: central value of main result.
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Branching fraction with different m

Sig
pu(4C)

cut

Different Cut(>) Branching Fraction Statistical Uncertainty Percent
1.070 1.66E-04 2.55E-05 15.39%
1.071 1.66E-04 2.56E-05 15.40%
1.072 1.67E-04 2.56E-05 15.27%
1.073 1.67E-04 2.52E-05 15.06%
1.074 1.67E-04 2.55E-05 15.25%
1.075 1.67E-04 2.55E-05 15.28%
1.076 1.67E-04 2.55E-05 15.29%
1.077 1.68E-04 2.54E-05 15.15%
1.078 1.68E-04 2.55E-05 15.16%
1.079 1.63E-04 2.56E-05 15.65%
1.080 1.66E-04 2.63E-05 15.85%




fgd% k% Systematical uncertainty for m, /f( 4cy Cut

After 10 tests, only the maximum value of  is close to 2. In addition, these results do not show
a clear behavior, so we think that the systematic uncertainty can be ignored.
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Red data point with error bar: central value with

statistical uncertainty of main result.

Blue data points with error bar: central value of The nominal cut is mp u(4c) > 1.075
systematical test and uncorrelated uncertainty.

Red line: central value of main result.
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3.Systematical uncertainty test for y4. cut
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Branching fraction with different yZ. cut

Different Cut(>) Branching Fraction Statistical Uncertainty Percent
35 1.58E-04 2.38E-05 15.12%
40 1.60E-04 2.42E-05 15.14%
45 1.61E-04 2.46E-05 15.31%
50 1.63E-04 2.49E-05 15.27%
55 1.65E-04 2.51E-05 15.23%
60 1.67E-04 2.55E-05 15.28%
65 1.69E-04 2.62E-05 15.51%
70 1.71E-04 2.70E-05 15.84%
75 1.68E-04 2.66E-05 15.81%
80 1.71E-04 2.71E-05 15.83%
85 1.69E-04 2.72E-05 16.12%




ff o k # Systematical uncertainty for yZ. cut
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After 10 tests, the values of all { are smaller than 2, therefore, the systematical uncertainty
can be ignored.
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Red data point with error bar: central value with
statistical uncertainty of main result.

Blue data points with error bar: central value of
systematical test and uncorrelated uncertainty.

Red line: central value of main result.

The nominal cut is yZ. > 60
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Systematic uncertainty(%o)

Ntag 0.71
it 268
_e.u.t_fu.l_nrﬁ%mil — 009 1. Thseigsystematiczed uncerta.inty from cut for
;ng) e My ac) and y;. can be ignored.
Nsig 0.67 2. As for cut for mf—\;coa, can we ignore the
MC statistics 0.01 systematical uncertainty from this? Other
Tracking for p 1.00 suggestions?
Tracking for u 1.00
PID for u 2.00
Sum 7?
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Some screenshots from Patrik’s memo(BAM-00388)

11.2.1 Significant deviations of correlated samples

For each systematical test the maximum log-likelihood method is used to obtain the fitted parameters
and their fit uncertainties. Suppose that for a given parameter a the main result 1S @iy £ G4 main and for
a certain systematic test the fit result gives agys = Oy syst, and we want to know if the systematical test
result significantly deviates from the main result. The first step is to compare their absolute difference,
Ad = |amain — asyst|. To determine if Aa is a significant or acceptable deviation we also need to compare
Aa to what we statistically expect the uncertainty of the difference to be. If the data sets of the systematic
and main results are similar or even the same the data samples are highly correlated. This means that
1t 1S not possible to use the fit uncertainties of the main result to compare with the systematic test result.

— Gg

Instead the uncorrelated uncertainty has to be calculated. It s calculated as 6, yncorr. = \/ | ’Syst|.

o-cg,main
From this the observable { = Aa/0, uncorr. can be obtained. £ gives the significant difference between the
systematic test and main result. Thus, a value for { close to O shows that there is good agreement between
the two data sets, while large ¢ points to inconsistencies and an underlying systematic source.

Oftentimes it is not enough to perform a single systematic test for a given observable. As an example:
for the Xfc cross check, nine different xfC values were considered. This allows for better understanding
of the systematic behavior; perhaps there are trending deviations indicative of an underlying systematic
source? What constitutes as a significant deviation has to be determined on a case-by-case basis. It de-
pends e.g. if the varied parameter shows a trending or fluctuating behavior. As a general rule of thumb in
this analysis we chose to consider { > 2 as a threshold for when a test is significantly deviating from the
main result. Even in a sample with no systematic effects present one expects { > 2 for one out of twenty
cross checks.
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(C) Z mass window selection The Z mass window selection was also tested where |mz — m(Ax)| was
varied from 2 to 20 MeV. Here @/, A®, oz, 0¢3, ¢ are found to have instances of § > 2. For A®,
oz and ¢ these are close to 2 and all occur above the main selection mass window, determined from
the Figure-of-Merit. In addition these observables do not show a clear behavior and are therefore
not considered to contain a systematic effect. Only for ;/,, and @ there are significant effects for
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Figure 24: Parameter values as function of |mz —m(Ax)|. Red diamond data point with error bar gives

central value with fit uncertainty of main result. Blue data points with error bar give central value of
systematic test and uncorrelated uncertainty. Red line gives central value of main result.
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(C) Z mass window selection The Z mass window selection was also tested where |mz — m(Ax)| was
varied from 2 to 20 MeV. Here @/, A®, oz, 0¢3, ¢ are found to have instances of § > 2. For A®,
oz and ¢ these are close to 2 and all occur above the main selection mass window, determined from
the Figure-of-Merit. In addition these observables do not show a clear behavior and are therefore
not considered to contain a systematic effect. Only for ;/,, and @ there are significant effects for
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Figure 25: Significance  as function of |mz —m(Am)|.
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gk % Background analysis
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II Dominant background J /¢ —» AA, A - pn~, A - prt
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II Dominant background J /¢ —» AA, A - pn~, A - prt
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