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KINEMATIC VARIABLES

✦ Kinematic tagging must discriminate between the true µ± track and wrong h± track
inside the SAME CC event: total visible momentum is constant (3 constraints).

✦ Consider 4 kinematic variables for muon tagging:
● plT : transverse momentum of the track candidate;

● θνl: angle of the track candidate with respect to beam direction;

● yBj : ratio between the energy of the “hadron system” (visible energy minus track energy)
and the total visible energy;

● RQT
: ratio between the transverse size of the of the “hadron system” ⟨Q2

T ⟩H and that of the full
event ⟨Q2

T ⟩, where QT component of the track momentum perpendicular to the total visible
momentum.
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KINEMATIC TAGGING OF µ− AND µ+

✦ From reconstructed momentum vector determine if the track will reach outer yoke:
(i) sample reaching outer yoke; (ii) sample NOT reaching outer yoke.

✦ Veto tracks interacting within STT volume (both µ− and µ+ tagging).

✦ Veto protons for µ+ tagging using NN for proton ID.

✦ For events with ≥ 2 candidate tracks calculate a NN value for each candidate track
using two separate NN trainings for the two samples:

● Tracks reaching outer yoke: use training with all events with ≥ 2 candidate tracks, NN1;

● Tracks NOT reaching outer yoke: use training with events with ≥ 2 candidate tracks & µ∓ NOT
reaching outer yoke (NN2), multiply NN2 values by optimized constant c = 15.0.

✦ Select the single negative/positive track in the event with the highest NN output:

Event sample Selected track Tagging efficiency

FHC νµ CC µ− 99.1%
RHC ν̄µ CC µ+ 99.3%
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REJECTION OF NC BACKGROUND

✦ Focus on tagged tracks NOT reaching outer yoke (∼ 30% of µ−, 14% of µ+):
● NC background from tagged tracks reaching outer yoke ∼ 0.1%;

● No cuts for tagged tracks reaching outer yoke =⇒ external muon identifier with single active layer.

✦ Three rejection criteria available:
● Energy deposition and topology (interactions) in ECAL;

● Track variables related to the kinematic tagging;

● Event kinematics based on isolation & transverse plane kinematics.

=⇒ Specific cuts applied will depend on the particular physics analysis

✦ For the selection of CC interactions on hydrogen only µ± tagging needed:
kinematic selection of H reduces NC backgrounds to < 10−3.

✦ Initial optimization of µ± identification without global event kinematics.
=⇒ ECAL identification with NN>0.36 (0.95) for FHC νµ CC (RHC)

Roberto Petti USC
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CC
correct tagging

NC

Tagged tracks reaching barrel ECAL and NOT reaching outer yoke

ECAL identification NN
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Purity Wrong sign
Target Cuts Efficiency νµ CC + ν̄µ CC + NC contamination

STT Kinematic tagging of µ− 99.1 % 93.2 % 1.4 %
STT ECAL on tagged µ− 98.4 % 97.5 % 0.5 %

ECAL Kinematic tagging of µ− 99.7 % 96.2 % 0.4 %
ECAL ECAL on tagged µ− 97.9 % 98.4 % 0.2 %

Selection of νµ CC in the FHC beam with tagged µ−

Roberto Petti USC
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REJECTION OF WRONG SIGN BACKGROUND

✦ For each event apply BOTH µ− and µ+ tagging

=⇒ Select single µ− and single µ+ candidate within same event

✦ If wrong sign candidate exists:
● Reject events with wrong sign candidate reaching outer yoke;

● Reject events with wrong sign candidate identified in ECAL if right sign one NOT reaching outer yoke.

=⇒ Efficient tagging allows use of magnet yoke to filter out wrong sign background

Roberto Petti USC
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<latexit sha1_base64="Ir7xFgRIbc6KgKjf3fZFoZaT9RM="></latexit>

RHC µ+
selection

<latexit sha1_base64="VlwUTh102U7D/eceJ3S/dp+9Rbk=">AAACCnicbVDLSgMxFM3UV62vqks30VYQhDJTBHVX7KbLKvYBnbFkMmkbmmSGJCOUoWs3/oobF4q49Qvc+Tem01lo9UDgcM69N/ceP2JUadv+snJLyyura/n1wsbm1vZOcXevrcJYYtLCIQtl10eKMCpIS1PNSDeSBHGfkY4/rs/8zj2RiobiVk8i4nE0FHRAMdJG6hcP3XRGIkkwhTeNOiy7PL47LUMzkuB5Tcmu2CngX+JkpAQyNPvFTzcIccyJ0JghpXqOHWkvQVJTzMi04MaKRAiP0ZD0DBWIE+Ul6RpTeGyUAA5CaZ7QMFV/diSIKzXhvqnkSI/UojcT//N6sR5ceAkVUayJwPOPBjGDOoSzXGBApbmXTQxBWFKzK8QjJBHWJr2CCcFZPPkvaVcrzlnl8rpaql1lceTBATgCJ8AB56AGGqAJWgCDB/AEXsCr9Wg9W2/W+7w0Z2U9++AXrI9v3HuZvw==</latexit>
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Purity Wrong sign
Cuts Efficiency νµ CC + ν̄µ CC + NC contamination

Kinematic tagging of µ+ 99.3 % 76.2 % 11.1 %
ECAL on tagged µ+ 98.8 % 90.0 % 6.1 %
Wrong sign veto on tagged µ− 97.9 % 97.8 % 0.3 %

Selection of ν̄µ CC in the RHC beam with tagged µ+

Roberto Petti USC
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

RHC

P
u
ri
ty

<latexit sha1_base64="oJSzdZHvJSckIORImJc2Nq9xgLc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQI6q7oxmUF+4A2lMl00g6dTMLMjRBCP8ONC0Xc+jXu/BunbRbaemDgcM693DknSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmdzO/88S1EbF6xCzhfkRHSoSCUbRSrx+EpJlqgRkZVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQn6OdUomOTTcj81PKFsQke8Z6miETd+Pv/ylJxbZUjCWNunkMzV3xs5jYzJosBORhTHZtmbif95vRTDaz8XKkmRK7Y4FKaSYExm+clQaM5QZpZQZoMLRtiYasrQtlS2JXjLkVdJu17zLms3D/Vq47aoowSncAYX4MEVNOAemtACBjE8wyu8Oei8OO/Ox2J0zSl2TuAPnM8fsi+Q4w==</latexit>

Average purity 97.3%

RHC µ�
selection

<latexit sha1_base64="Cayqn7spSH4vRGOATaPokJdilyA=">AAACCnicbVC7TsMwFHXKq5RXgZHF0CKxUCUVErBVdOlYEH1ITagcx22t2k5kO0hV1JmFX2FhACFWvoCNv8FNM0DhSJaOzrn3+t7jR4wqbdtfVm5peWV1Lb9e2Njc2t4p7u61VRhLTFo4ZKHs+kgRRgVpaaoZ6UaSIO4z0vHH9ZnfuSdS0VDc6klEPI6Ggg4oRtpI/eKhm85IJAmm8KZRh2WXx3enZWhGEjyvKdkVOwX8S5yMlECGZr/46QYhjjkRGjOkVM+xI+0lSGqKGZkW3FiRCOExGpKeoQJxorwkXWMKj40SwEEozRMapurPjgRxpSbcN5Uc6ZFa9Gbif14v1oMLL6EiijUReP7RIGZQh3CWCwyoNPeyiSEIS2p2hXiEJMLapFcwITiLJ/8l7WrFOatcXldLtassjjw4AEfgBDjgHNRAAzRBC2DwAJ7AC3i1Hq1n6816n5fmrKxnH/yC9fEN35mZwQ==</latexit>

⌫µCC+⌫̄µCC+NC: e�ciency 95.4%, wrong sign 0.3%

<latexit sha1_base64="66ZluVNu0jh0clFEtbMB61JJNbM="></latexit>
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Purity Wrong sign
Cuts Efficiency νµ CC + ν̄µ CC + NC contamination

Kinematic tagging of µ− 98.7 % 66.4 % 22.7 %
ECAL on tagged µ− 97.9 % 85.8 % 9.4 %
Wrong sign veto on tagged µ+ 95.4 % 97.3 % 0.3 %

Selection of νµ CC in the RHC beam with tagged µ−

Roberto Petti USC
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

FHC

P
u
ri
ty

<latexit sha1_base64="oJSzdZHvJSckIORImJc2Nq9xgLc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQI6q7oxmUF+4A2lMl00g6dTMLMjRBCP8ONC0Xc+jXu/BunbRbaemDgcM693DknSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmdzO/88S1EbF6xCzhfkRHSoSCUbRSrx+EpJlqgRkZVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQn6OdUomOTTcj81PKFsQke8Z6miETd+Pv/ylJxbZUjCWNunkMzV3xs5jYzJosBORhTHZtmbif95vRTDaz8XKkmRK7Y4FKaSYExm+clQaM5QZpZQZoMLRtiYasrQtlS2JXjLkVdJu17zLms3D/Vq47aoowSncAYX4MEVNOAemtACBjE8wyu8Oei8OO/Ox2J0zSl2TuAPnM8fsi+Q4w==</latexit>

Average purity 83.2%

⌫µCC+⌫̄µCC+NC: e�ciency 97.1%, wrong sign 2.3%

<latexit sha1_base64="Kre0ELQAgAMRa86i44SkU6aSfJI="></latexit>

FHC µ+
selection

<latexit sha1_base64="1+PIs2U9j/JEutGGbnWW41xjic4=">AAACCnicbVDLSgMxFM3UV62vqks30VYQhDJTBHVXLEiXFewDOmPJZNI2NMkMSUYoQ9du/BU3LhRx6xe4829Mp7PQ6oHA4Zx7b+49fsSo0rb9ZeWWlldW1/LrhY3Nre2d4u5eW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix1/XJ/5nXsiFQ3FrZ5ExONoKOiAYqSN1C8euumMRJJgCq8bdVh2eXx3WoZmJMHzmpJdsVPAv8TJSAlkaPaLn24Q4pgToTFDSvUcO9JegqSmmJFpwY0ViRAeoyHpGSoQJ8pL0jWm8NgoARyE0jyhYar+7EgQV2rCfVPJkR6pRW8m/uf1Yj248BIqolgTgecfDWIGdQhnucCASnMvmxiCsKRmV4hHSCKsTXoFE4KzePJf0q5WnLPK5U21VLvK4siDA3AEToADzkENNEATtAAGD+AJvIBX69F6tt6s93lpzsp69sEvWB/fyVuZsw==</latexit>
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KINEMATIC REJECTION OF NC

✦ Event kinematics from tagged µ± and hadron momentum vectors: p⃗l, p⃗H .

✦ Likelihood function used to separate CC/NC:

LNC = [[[ θνH , θνT ], θlhi
, QT ] , p

m
T , φlH ]

● θνH angle of the total hadron momentum with respect to the beam direction;

● θνT angle of total visibl momentum with respect to the beam direction;

● θlhi
minimum opening angle between muon and any other primary track;

● QT component of the muon momentum perpendicular to the total visible momentum;

● pmT missing transverse momentum;

● ΦlH angle between transverse momenta of muon and hadron system.

● The square brackets denote multi-dimensional correlations.

✦ Discriminant variable ln of likelihood ratio between CC signal and NC bkgnd

=⇒ Kinematic rejection of NC needed for ν̄µ CC selection in FHC

Roberto Petti USC
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

FHC µ+
selection

<latexit sha1_base64="1+PIs2U9j/JEutGGbnWW41xjic4=">AAACCnicbVDLSgMxFM3UV62vqks30VYQhDJTBHVXLEiXFewDOmPJZNI2NMkMSUYoQ9du/BU3LhRx6xe4829Mp7PQ6oHA4Zx7b+49fsSo0rb9ZeWWlldW1/LrhY3Nre2d4u5eW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix1/XJ/5nXsiFQ3FrZ5ExONoKOiAYqSN1C8euumMRJJgCq8bdVh2eXx3WoZmJMHzmpJdsVPAv8TJSAlkaPaLn24Q4pgToTFDSvUcO9JegqSmmJFpwY0ViRAeoyHpGSoQJ8pL0jWm8NgoARyE0jyhYar+7EgQV2rCfVPJkR6pRW8m/uf1Yj248BIqolgTgecfDWIGdQhnucCASnMvmxiCsKRmV4hHSCKsTXoFE4KzePJf0q5WnLPK5U21VLvK4siDA3AEToADzkENNEATtAAGD+AJvIBX69F6tt6s93lpzsp69sEvWB/fyVuZsw==</latexit>

NC

<latexit sha1_base64="mdACS71WLggClShqgK7CDJ0aqqQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgnor9uJJKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJo3M7zxRpZkUD2YaUz/CI8FCRrCxUrsfhOiuMShX3Ko7B1olXk4qkKM5KH/1h5IkERWGcKx1z3Nj46dYGUY4nZX6iaYxJhM8oj1LBY6o9tP5tTN0ZpUhCqWyJQyaq78nUhxpPY0C2xlhM9bLXib+5/USE175KRNxYqggi0VhwpGRKHsdDZmixPCpJZgoZm9FZIwVJsYGVLIheMsvr5J2repdVK/va5X6TR5HEU7gFM7Bg0uowy00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AuDaOlQ==</latexit>

⌫̄µCC

<latexit sha1_base64="bnnIKb6sIBq5mfXh33UZVQyePuc=">AAACB3icbVDLSsNAFJ34rPUVdSnIYCu4KkkR1F2xG5cV7AOaECaTSTt0MhNmJkIJ3bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+8JU0aVdpxva2V1bX1js7RV3t7Z3du3Dw47SmQSkzYWTMheiBRhlJO2ppqRXioJSkJGuuGoOfW7D0QqKvi9HqfET9CA05hipI0U2CdeGEMvFCxKkB7CqhciCT2eBV6SVZvNwK44NWcGuEzcglRAgVZgf3mRwFlCuMYMKdV3nVT7OZKaYkYmZS9TJEV4hAakbyhHCVF+PvtjAs+MEsFYSFNcw5n6eyJHiVLjJDSd02vVojcV//P6mY6v/JzyNNOE4/miOGNQCzgNBUZUEqzZ2BCEJTW3QjxEEmFtoiubENzFl5dJp15zL2rXd/VK46aIowSOwSk4By64BA1wC1qgDTB4BM/gFbxZT9aL9W59zFtXrGLmCPyB9fkDO9OYRw==</latexit>

ln�NC ⌘ LCC

LNC

<latexit sha1_base64="dboR9NzDhn1WXpIZrqFRPFtnbGY="></latexit>

Distributions after muon tagging, ECAL identification and wrong sign veto
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

Muon momentum (GeV/c)

<latexit sha1_base64="KlLmjEpZ0I4/pMedLNnkfbIF338=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdwNgtoFLbQRIpgHZEOYncwmQ+axzMwKIeQHbPwVGwtFbO3t/Btnky00emDgcM69d+49YcyoNp735eQWFpeWV/KrhbX1jc0td3unoWWiMKljyaRqhUgTRgWpG2oYacWKIB4y0gyHl6nfvCdKUynuzCgmHY76gkYUI2OlrnsQhBEMQsl6HJkBvEmkgFxyIkzCYemKNI7xEey6Ra/sTQH/Ej8jRZCh1nU/g57ESToGM6R12/di0xkjZShmZFIIEk1ihIeoT9qWCsSJ7oyn10zgoVV6MJLKPmHgVP3ZMUZc6xEPbWW6s573UvE/r52Y6KwzpiJODBF49lGUMGgkTKOBPaoINmxkCcKK2l0hHiCFsLEBFmwI/vzJf0mjUvZPyue3lWL1IosjD/bAPigBH5yCKrgGNVAHGDyAJ/ACXp1H59l5c95npTkn69kFv+B8fANnBpp+</latexit>

FHC

P
u
ri
ty

<latexit sha1_base64="oJSzdZHvJSckIORImJc2Nq9xgLc=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaQI6q7oxmUF+4A2lMl00g6dTMLMjRBCP8ONC0Xc+jXu/BunbRbaemDgcM693DknSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmdzO/88S1EbF6xCzhfkRHSoSCUbRSrx+EpJlqgRkZVKpuzZ2DrBKvIFUo0BxUvvrDmKURV8gkNabnuQn6OdUomOTTcj81PKFsQke8Z6miETd+Pv/ylJxbZUjCWNunkMzV3xs5jYzJosBORhTHZtmbif95vRTDaz8XKkmRK7Y4FKaSYExm+clQaM5QZpZQZoMLRtiYasrQtlS2JXjLkVdJu17zLms3D/Vq47aoowSncAYX4MEVNOAemtACBjE8wyu8Oei8OO/Ox2J0zSl2TuAPnM8fsi+Q4w==</latexit>

Average purity 93.0%

FHC µ+
selection

<latexit sha1_base64="1+PIs2U9j/JEutGGbnWW41xjic4=">AAACCnicbVDLSgMxFM3UV62vqks30VYQhDJTBHVXLEiXFewDOmPJZNI2NMkMSUYoQ9du/BU3LhRx6xe4829Mp7PQ6oHA4Zx7b+49fsSo0rb9ZeWWlldW1/LrhY3Nre2d4u5eW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix1/XJ/5nXsiFQ3FrZ5ExONoKOiAYqSN1C8euumMRJJgCq8bdVh2eXx3WoZmJMHzmpJdsVPAv8TJSAlkaPaLn24Q4pgToTFDSvUcO9JegqSmmJFpwY0ViRAeoyHpGSoQJ8pL0jWm8NgoARyE0jyhYar+7EgQV2rCfVPJkR6pRW8m/uf1Yj248BIqolgTgecfDWIGdQhnucCASnMvmxiCsKRmV4hHSCKsTXoFE4KzePJf0q5WnLPK5U21VLvK4siDA3AEToADzkENNEATtAAGD+AJvIBX69F6tt6s93lpzsp69sEvWB/fyVuZsw==</latexit>

⌫µCC+⌫̄µCC+NC: e�ciency 95.8%, wrong sign 2.6%

<latexit sha1_base64="eoCVTmvJhR9F7sI4VOm1HxFb5dA="></latexit>
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Purity Wrong sign
Cuts Efficiency νµ CC + ν̄µ CC + NC contamination

Kinematic tagging of µ+ 99.3 % 9.9 % 78.0 %
ECAL on tagged µ+ 98.2 % 34.2 % 55.1 %
Wrong sign veto on tagged µ− 97.1 % 83.2 % 2.3 %
Kinematics 95.8 % 93.0 % 2.6 %

Selection of ν̄µ CC in the FHC beam with tagged µ+

Roberto Petti USC

19



Backup slides



HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

0 0.5 1 1.5 2 2.5 3
_lθ

0

200

400

600

800

1000

1200

htheta_l0
Entries  20804
Mean    0.469
Std Dev    0.4427muon

non-muon negtive track

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ybj

0

200

400

600

800

1000

1200

1400

1600

1800
hybj0

Entries  20804
Mean   0.6122
Std Dev    0.2354muon

non-muon negtive track

0 500 1000 1500 2000 2500 3000
Pt_l

0

100

200

300

400

500

hPtl0
Entries  20804
Mean    815.4
Std Dev     545.4muon

non-muon negtive track

0 0.2 0.4 0.6 0.8 1 1.2 1.4
QtR

0

200

400

600

800

1000

1200
hRqt0

Entries  20804
Mean    0.568
Std Dev    0.3352muon

non-muon negtive track

CC events with more than one negative track: all tracks



HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

0 0.5 1 1.5 2 2.5 3
_lθ

0

200

400

600

800

1000

1200

htheta_l0
Entries  5973
Mean   0.9706
Std Dev    0.4969muon

non-muon negtive track

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ybj

0

200

400

600

800

1000

1200

1400

1600

1800
hybj0

Entries  5973
Mean   0.8108
Std Dev    0.1295muon

non-muon negtive track

0 500 1000 1500 2000 2500 3000
Pt_l

0

100

200

300

400

500

hPtl0
Entries  5973
Mean    376.6
Std Dev     190.8muon

non-muon negtive track

0 0.2 0.4 0.6 0.8 1 1.2 1.4
QtR

0

200

400

600

800

1000

1200
hRqt0

Entries  5973
Mean    0.794
Std Dev    0.3103muon

non-muon negtive track

CC events with more than one negative track: tracks not reaching outer yoke
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