Particle Identification at HERMES

Ralf Kaiser, Wolf-Dieter Nowak, Desy/Zeuthen

On Behalf Of The Hermes Collaboration

CERN, 21.January 2000

• The Hermes Experiment • HERMES PID Detectors • Likelihood Analysis • Performance of the HERMES PID

Hermes Spectrometer

Magnet: ∫ B_ydz = 1.3 Tm Tracking system: σ(Θ) = 0.6 mrad σ(p)/p = 0.7 . . . 1.4 % for leptons Pid System: Calorimeter, Preshower, TRD, Cerenkov

In 1998 the threshold Cerenkov detector has been replaced by a RICH detector.

Calorimeter and Preshower Detector

• Part of the first level trigger.

• Hadron rejection factor of ≥ 10 at the first level trigger and an additional factor of ≥ 100 in the offline analysis.

• Coarse position measurement.

Normalized Calorimeter and Preshower Response

Transition Radiation Detector

TRD Response

Truncated Mean:

E_{T M} = ∑_n i=1 E_i − max(E_i) n − 1

TRD Pressure Stability

TRD Pion Rejection Factor

PRF(90% positron efficiency) ∼ 1460±130 using the full probability analysis.

Gas Threshold Cerenkov

1995 1996/97 radiator N_2 C_4F_{10},N_2 n 1.000298 1.000611 p_t(e) 0.021 GeV 0.015 GeV p_t(π) 5.72 Ge 3.99 GeV p_t(K) 20.23 GeV 14.13 GeV

Normalized Threshold Cerenkov Response

RICH Detector

Aerogel and Gas Radiators

cos θ_c =

1_v cn p = m_0v √ 1 −^{v2}_{c2}

(p, n, θ_c) → m_0 → Particle ID 2 − 15 GeV

RICH Event:

Charm Meson Candidate

RICH Response IRT Angle Spectra

Likelihood Analysis for Electron/Hadron Separation

The responses of the PID detectors can be converted into conditional probabilities L^i_D that the response of the detector D was caused by a particle of the type i.

The conditional probabilities from several detectors D can be combined into an overall conditional probability

L^i =^∏_D L^i_D

The conditional probabilities can be transformed into true probabilities using Bayes’ theorem:

P^i =^{ϕi(p, θ)}L^i ∑ j ϕ^j(p, θ)L^j P^e = L^e_ΦL_{h +} L_e

PID parameter

In this case it is equivalent to create a PID parameter from the ratio of the positron and hadron probabilities by taking the logarithm:

P ID = log_{10} (P^e P^h ) = log_{10} (L^e L^h ) − log_{10} Φ

PID parameter for each detector:

P ID_D = log_{10} (L^e_D L^h_D )

Hermes PID parameter: P ID3 = P ID_{cal} + P ID_{pre} + P ID_{cer} = log_{10} ( L^e_{cal}L^e_{pre}L^e_{cer} L^h_{cal}L^h_{pre}L^h_{cer} )

(since 1998 PID2 - without Cerenkov - instead of PID3)

Electron/Hadron Separation

P ID3 = log_{10} ( L^e_{cal}L^e_{pre}L^e_{cer} L^h_{cal}L^h_{pre}L^h_{cer} )

99% electron identification efficiency with < 1% hadron contamination (for DIS events).

Electron/Hadron Separation Contamination and Efficiency

RICH IRT Likelihood Algorithm

p^′_{th} = p_{th} + Δp_{th}

B^i_{P MT} = (_{B0P MT N outP MT ≤ Cout} B^1_{P MT} N^{out}_{P MT} > C_{out}

L_{min} = L(θ = θ_{th} + σ_w)

L(⟨θ⟩) = exp(− (θ_{th} − ⟨θ⟩)^2 2σ^2_{⟨θ⟩} )

σ_{⟨θ⟩} = σ_γ √ N_{P MT} − 1

RICH quality parameter

The output of the RICH likelihood analysis is the most likely particle type (π,K,p) and a quality parameter indicating how reliable the identification is.

qp = log_{10} ( L_1 L_2 )

where L_1 and L_2 are the highest and the second highest hadron likelihood.

For only two particle types the RICH quality parameter becomes equivalent to the HERMES PID parameter (PID2/3), if the particle type is expressed as ’-’ for hadrons and ’+’ for electrons.

RICH Hadron Identification

id. as π K p purity π 24624 89 322 0.99 ± 0.01 K 21 2995 188 0.94 ± 0.02 p 81 333 4771 0.92 ± 0.02 no id. 1419 438 1951

ε 0.94 ± 0.01 0.78 ± 0.02 0.66 ± 0.02

DIS MC data, qp > 0.5, p > 2 GeV

Summary and Outlook

♦ hadron/electron separation with high efficiency (> 97%) and low contamination (< 0.2%)

♦ RICH allows to identify hadrons from 2-15 GeV

♦ RICH likelihood analysis based on IRT is working

♦ additional hadron identificaton at low momenta wit ToF

♦ muon identification with the μ-hodo-scopes

♦ improvement of RICH performance using DRT and event level analysis

Bibliography

1 K. Ackerstaff et al., The HERMES Spectrometer, NIM A417 (1998) 230, hep-ex/9806008, DESY- 98-057 2 R. Kaiser, Particle Identification at HERMES, HERMES-97-025 3 R. Kaiser, F.M. Menden, M.C. Vetterli, Praobability Analysis of the TRD Response and the Contribution of Flux Ratios to HERMES Particle Identification, HERMES-97-036 4 E. Cisbani et al., Proposal for a Dual Radiator RICH for HERMES, HERMES-97-003 5 D. DeSchepper, R. Kaiser, E. Cisbani, Particle Identification with the HERMES RICH Detector HERMES-98-008 6 M. Amarian et al., The HERMES Charm Upgrade Program HERMES-97-004