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Formulas
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\ This formula however is not correct at OPERA

Baseline.




The mixing matrix U

( U1 Uen cr45136 01 514 \
Ui U — 5145136 01 S24€ 702 + 1350300y Cr4594€ "%
Ua Uz —s 141'3245345131?_ﬁl EIHSEHSH-ilSEQEﬁE + €13C23C34 C14C24534

\ Usr Ugo —5141?241'?345131?_1'51 EIHSEHEH-iISE-iEiﬁE — €13C23534 C14C24C34 /l

Matrix elements of interest for OPERA baseline



Normalization

Folding between flux, oscillation probability, cross section, efficiency.
Normalization to Matteo presentation in July PC.

Observed events: 34
Expected v, tov_oscillations (without 3+1): 3.0

Beam v_contamination (without 3+1): 36.5

Other bkg (t to e, n° mis-identification): 1.2
Graph

05 v_efficiency as a function of neutrino energy.

Y Smoothing performed above 100 GeV.

0.3

0.2

0.1

| | l L1
150

1 1 l L1
200

| 1 l L1
250

| | l L1
300

1 1 l |1
350

IIII|III|II 1 1 1
0 400

| |
0 50 100




Analysis description

For high Am*, values (>1 eV®) or at fixed Am*,_ values:
10° extractions of U parameters. Am231=2.43*10'3 eV?, Am221=0

Pure counting analysis. No cut on neutrino energy.

L{ﬁmil: Dpe; sin’ 20 e C’E) =e* u"/n! Likelihood definition

Profile likelihood

(maximization over U
- . Parameter extractions)
L(Amy,,sin" 20,,)

L-m (L

Ax? =—-2 In

Exclusion limits using % 2 statistics with 1 degree of freedom.



Results
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Exclusion Limits:
Sin? 26 . >0.017 for high Am?®

Am241 > 3*10° for Sin? 2(-)ue =1.0



Res u ItS Exclusion Plot
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_ o _ Results are similar but
E?(clusmn Limits of prgsent analysis: not perfectly equal.
Sin®26  >0.017 for high Am* In this analysis, however, v_

Amz41 > 3*10° for Sin? 29ue =1.0 disapperance is not well described.



Number of expected v_
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Summary of systematic studies

Table 1: Limits of the 90% CL exclusion region 1 in the |Am3,| vs sin?(26,.) plane

Description sin? 20, Am3,(eV?)
NH, ﬂm%l = 2.43 x 107 3eV/? 0.017 3 % 103
H, Am3; = —2.43 x 10~%eV? 0.017 | 0.8 x 1073
NH, ﬂm%l = 2.3 x 10 3eV/? 0.017 3 % 103
NH, Am3, = 2.5 x 10 %eV? 0.017 3x 1073
NH, Am3, =2.43 x 107%V?, fa3 043 fixed 0.014 | 0.85 x 10~3
[H, Am3; = —2.43 x 107V, O3 0,3 fixed 0.014 | 0.75 x 1073
NH, Am3, =243 x 107%V2, ¢(E > 150GeV) =0 | 0.017 | 3x 107
NH. ﬂm%l = 2.43 x 107 %V?, e(E > 150GeV) x 2 0.017 3 % 1073
NH, ¢(E < 10GeV) * 1.2 ¢(E > 10GeV ) % 1.1 0.016 3 % 1073
NH. e(E < 10GeV) 0.8 e(E > 10GeV') * 0.9 0.020 | 3.5 x 1073

Similarly to t analysis, Am241<0 Is equivalent to exchange results for NH and IH.



Summary of systematic studies

Table 1: Limits of the 90% CL exclusion region 1 in the |Am3,| vs sin?(26,.) plane

Description sin?28 . | Am?2 (eV2)
NH, Am3, =2.43 x 107 %eV? 0.017 3 % 103
[H, Am3, = —2.43 x 10 %eV/? 0.017 | 0.8 x107°
Inverse hlerarchy T T 017 3 x 1073
Exclusion limits extend down to lower Am241 values. 017 3 % 1073
INH, Amg; = £.45 X LU "ev T, ta3 U3 Xed u.014 | 0.85 x 1073
[H, Am2, = —2.43 x 107%eV?2, 43 6,3 fixed 0.014 | 0.75 x 10-3
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Similarly to t analysis, Am241<0 Is equivalent to exchange results for NH and IH.



Summary of systematic studies

Table 1: Limits of the 90% CL exclusion region 1 in the |Am3,| vs sin?(26,.) plane

Description sin? 20, | Am?2,(eV?)
NH, ﬂm%l = 2.43 x 107 3eV/? 0.017 3 % 103
H, Am3; = —2.43 x 1075V 0.017 | 0.8 x 1077
NH, ﬂm%l = 2.3 x 10 3eV/? 0.017 3 % 103
NH, Am3, = 2.5 x 10 %eV? 0.017 3x 1073
Am’,,: 0.85 x 10~
Exclusion limits not strongly dependent on Am’_ values. 0.75 x 103
NH, A = 243 X LU “eV <, €(£ > 1ouGev ) =0 | v.uLe | 3x 107
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Summary of systematic studies

Table 1: Limits of the 90% CL exclusion region 1 in the |Am3,| vs sin?(26,.) plane

Description sin? 20, Am3,(eV?)
NH, ﬂm%l = 2.43 x 107 3eV/? 0.017 3 % 103
H, Am3; = —2.43 x 10~%eV? 0.017 | 0.8 x 1073
NH, ﬂm%l = 2.3 x 10 3eV/? 0.017 3 % 103
NH, Am3, = 2.5 x 10 %eV? 0.017 3x 1073
NH, Am3, =2.43 x 107%V?, fa3 043 fixed 0.014 | 0.85 x 10~3
[H, Am3, = —2.43 x 10%eV?, a3 6,3 fixed 0.014 | 0.75 x 107*
6, . 6  fixed at measured values: 3 x 1073
Greater excluded area. 3 % 10~3
INIL, €[00 <. LUWGEY | X 1.2 €[y > LUTEy | & 1.1 U.ULU 3 % 10-3
NH, €(E < 10GeV) 0.8 €(E > 10GeV) + 0.9 0.020 | 3.5x 107

Similarly to t analysis, Am241<0 Is equivalent to exchange results for NH and IH.



Summary of systematic studies

Table 1: Limits of the 90% CL exclusion region 1 in the |Am3,| vs sin [ f,.c) plane
Pescrintion il O m2A{elF2)
LACSULIPIG l. 1l ol ‘:'DI}'_ILE 4 |k J||
NH, Am3, =2.43 x 107 %eV? 0.017 3 % 1073
IH, Amj, = —2.43 x 107%eV? 0.017 | 0.8 x 107
NH, Amg = 2.3 x 10%V* 0.017 | 3x1073
NH., Am3, = 2.5 x 10%eV? 0.017 | 3x107°

Efficiency studies (E>150 GeV): 0.85 % 10-3
Exclusion limits independent for a 100% variation. '
0.75 x 1073
NH, Am2, =243 x 10%V?, €(E > 150GeV) =0 | 0.017 | 3x 107
NH, Am2, = 2.43 x 1073eV?2, (E > 150GeV) x 2 | 0.017 | 3x 1073
NH, e(E < 10GeV) « 1.2 ¢(E > 10GeV) = 1.1 0.016 3 % 1073
NH, ¢(EF < 10GeV) « 0.8 e(E > 10GeV) 0.9 0.020 3.5 x 107

Similarly to t analysis, Am241<0 Is equivalent to exchange results for NH and IH.



Summary of systematic studies

DF%“‘T 1on st‘tg EHPF &tttﬁl{ﬁ‘ﬁ’gj
NH, Am3, =2.43 x 107 %eV? 0.017 3 x 1077
IH, Amj, = —2.43 x 107%eV? 0.017 | 0.8 x 107
NH, Amg; = 2.3 x 107%V? 0.017 | 3x1073
NH, Amj, = 2.5 x 107%eV? 0.017 | 3x107°
NH, Amj, =243 x 107%eV2, 33 613 fixed 0.014 | 0.85 x 1073
TH Am2. = —243 % 10732V 2 fas Hia fixed 0014 0.75 x 102
Efficiency studies: : -
Exclusion limit area increases with efficiency. 3 x 10
3 x 1073
NH, ¢(E < 10GeV) # 1.2 ¢(E > 10GeV) x 1.1 0.016 3 x 1073
NH, e(E < 10GeV) % 0.8 e(E > 10GeV ) 0.9 0.020 | 3.5x 1077

Similarly to t analysis, Am241<0 Is equivalent to exchange results for NH and IH.
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