Atmospheric νe Search

Pat Ward University of Cambridge

• Can we identify atmospheric ν_e CC events?

Normalization of flux for ν_μ analysis

• Worthwhile if get normalization to ∼10%

⇒ 100 events in 4 years, or 12–13 in 0.5y • Use ntuples (and some code and expertise) from Caius

Signal MC: Run 127 (Battistoni flux, solar max), 95k ν events ≡ 330kty Background MC: 2M full spectrum cosmics ≡ 30 days Data: 2.52 kty total (1.85 kty fiducial) ≡ 4088.4h

Atmospheric νe

• How many ν_e CC events do we ex-

pect?

• Using Battistoni solar max flux, ex-

pected ν_e CC events in 2.52kty:

• Total (E_ν >100 MeV) : 167 • Vertex in fid. vol. : 132 • Pass trigger : 69 • Pass (7 planes) filter : 22 • c.f. ∼ 11.4M cosmics • Consider only events passing filter

for now

• Selection cuts need to

(a) Remove cosmic background with high efficiency (b) Separate ν_e CC events from ν_μ CC and NC events

• Preselection

• <5 PE outside fiducial

volume

• No reconstructed track • 1 reconstructed shower • Reduces cosmic and ν_μ CC

background, while retaining 84% of (contained) ν_e CC events

• Shower quality

• Shower vertex in fiducial volume (> 50cm from radial side, not first or

last 4 planes of either SM)

• At least 80% of energy of event associated to shower • Require shower to contain ≥ 2 planes in both U and V views with

double-ended strip(s) with at least 5 PE

• Removes unsimulated background, especially light injection relics, which

otherwise pass subsequent shower shape cuts

Shower Quality

Distributions after all cuts except Shower Quality

Background Rejection

Event removed by shower quality cut:

Background Rejection

Event removed by shower quality cut:

Background Rejection

Event removed by shower quality cut:

Background Rejection

Event removed by shower quality cut:

Atmospheric νe Selection Cuts 3 • Shower Shape

• Shower Length. Using 3D reconstruction of strips in shower, form

‘moment of inertia’ tensor, normalized to total energy, and find eigenvalues and eigenvectors; require largest eigenvalue <0.1

• Max strips. Reject event if any plane has more than 12 hit strips • Max Energy fraction. Reject event if > 70% of energy in one plane • Mean strips. Require mean strips/plane <5 • These reject cosmics which are track-like (long showers) or nearly parallel

to planes (large number of strips in a plane)

• Shower length cut also removes ∼40% of remaining ν_μ CC events • Finally, veto events with shield hits (VetoQCorrSS)

Shower length

Largest eigenvalue of ‘MoI’ tensor after Shower Quality cut.

Shower length

Largest eigenvalue of ‘MoI’ tensor after all cuts except shower length and shield

Max strips

Maximium number of hit strips in a plane after Shower Quality cut

Max strips

Maximium number of hit strips in a plane after all cuts except shower length, max strips and shield

Max energy fraction

Maximium fraction of energy in a plane after Shower Quality cut

Max energy fraction

Maximium fraction of energy in a plane after all cuts except shower length, max energy fraction and shield

Mean strips

Mean number of hit strips per plane after Shower Quality cut

Mean strips

Mean number of hit strips per plane after all cuts except shower length, mean strips and shield

Atmospheric νe

Expected/observed numbers for 2.52kty after each cut:

ν_e CC ν_μ CC NC MC cosmics Data

Preselection 16.2 9.0 6.5 25496 38415 Shower Quality 15.2 8.0 5.7 6430 11756 Shower Length 13.3 4.9 4.2 1020 2271 Max strips 13.1 4.8 4.1 63 231 Max energy fraction 12.8 4.7 4.1 29 143 Mean strips 12.6 4.7 4.0 17±10 112 No Shield hits 27

• Cosmic MC underestimates background at all stages

Selected MC νe CC Event

Selected MC νe CC Event

Selected MC νμ CC Event

Selected MC νμ NC Event

Selected MC Cosmic Event

Selected MC Cosmic Event

Selected MC Cosmic Event

Selected Data Event

Selected Data Event

Selected Data Event

Selected Data Event

Selected Events

Atmospheric νe • Current cuts: observe 112 events in data, of which 85 rejected by shield • Assuming shield efficiency ≃97%, after shield cut, sample contains 2–3

cosmic background events, giving expected composition:

ν_e CC 12.6 53% ν_μ CC 4.7 20%

NC 4.0 17% Cosmic 2.5 10% Total 24 Observed 27

• Separation of signal from ν_μ CC and NC background probably needs

likelihood or ANN

• Looks promising, but lots to do / understand

Shower Length

Largest eigenvalue of ‘MoI’ tensor after all cuts.

Shower Energy

Shower energy (in PE) after all cuts.

Plane Energy

Maximum energy (in PE) in a plane after all cuts.

Plane Energy

Mean energy (in PE) in a plane after all cuts.