TOF Calibration in WA98

Kazuhiko Enosawa, Shunji Nishimura Akio Kiyomichi and Hiroyuki Sako Univ. of Tsukuba

Nov.23,’98 EMcal meeting

- WA98 setup - Timing chart and Sampling - Measurement - Calibration Process - PID Performance

WA98 setup

( p^0 h

+ TOF counter (jTOF) 5 panel, 480slats (960ch)

Gas Cherenkov beam counter for start timing (2ch)

61 FEM’s boards (976ch)

Location 17.8 m from the vertex

0 1 2 3 4

Q1 Q2 Q3 T T

X X

X

T T

T

X X TVC/QVC sampling clock = 112 ns

(RHIC bunch crossing)

Clock of FEE is not syncronized with beam timing. Both TOF and Startcounter timing were measured by FEE.

TVC takes 3 clock cycle per valid hit.

(sampling, charge up, reset) QVC is sampled at each clock cycle. The integrated charge of PMT

ΔQVC = QVC3 - QVC1

Timing Chart and Sa mpling

Measurement

TOF= {TVC[up] *Ct[up]+ TVC[down] *Ct[down]-(s[up] + s[down])}/2 -( STVC[up] *Ct[str,up] + STVC[down] *Ct[str,down])/2 -T0 - T0[global] - T0[TVC]

Y = v/2*(TVC[up] *Ct[up]- TVC[down] *Ct[down]) + Y0

ΔQVC = QVC3[i] - QVC 1[i] ELOSS = Cq*sqrt( ΔQVC[up]* ΔQVC[down])

Measured value

QVC[i] QVC channel of the TOF TVC[i] TVC channel of the TOF STVC[i] TVC channel of the start counter

Calibration parameter

No. of Parameters Calibration period T0 Time offset of each slat No. of slats every 50 runs T0[gloval] Time offset of a ru n 1 every run T0[TVC] Time offset of each TVC (No. of slats)*5 every 50 runs Y0 Y-position offset No. of slats every 50 runs Cq QVC gain conversion [eV/ch] No. of slats constant Ct[i] TVC time conversion [ps/ch] No. of PMTs constant s[i] Slewing correction function 2 (up, down) every 50 runs v light velocity in t he scintillator No. of slats every 50 runs

Calibration Process

0: TVC time calibration (by Bench test)

--> Ct[i] 1: QVC gain calibration

--> Cq Min.Ion Particle ~3MeV (scint. 1.5 cm) 2: Slewing correction

--> s[i] 3: Time offset calibration slat by slat

--> T0, T0[TVC] 4: Time offset calibration run by run

--> T0[global] 5: TDC-Ypos calibration

--> Y0, v

Slewing Correction

ΔQVC

TOF TOF

ΔQVC

Correct the timingdifference due to the variance of thepulse height of analog signal

Fitting function s[i] = a[i] + b[i]/sqrt( ΔQVC[i])

TOF = TOF - (s[up] + s[ down])/2

Time offset

Time offset

-1800

-1600

-1400

-1200

-1000

-800

-600

-400

-200 0

50 100 150 200 250 300 350 400 450 Slat No.

Time Offset T0

-65 -60 -55 -50 -45

12620 12640 12660 12680 12700 12720 Run No.

T0 global

Select high momentum charged particle (mostly pion) TOF π = L/cβπ

T0 : correct for eachslat

T0 = TOF - TOF π T0[global] : correct the timing shift for each run T0[global] = TOF - TOF π -T0 T0[TVC] : cancel out the non-linearity of theTVC T0[TVC] = TOF - TOF π - T0 - T0[global]

PID Performance in WA98

0

100

200

300

400

500

600

700

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

95.09 / 9 Constant 609.3 13.02 Mean -0.1311E-01 0.1585E-02 Sigma 0.8575E-01 0.1085E-02

Time-of-Fllight (ns)

Counts

-2

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9

Momentum (GeV/c)

Time-of-Flight (ns)

π^+

K^+ p

1

10

10^2

10^3

10^4

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2

π^+

K^+ p

Mass-Square (GeV^2/c^4) dN/dM

Clear particle separation amongπ+, K+, p

At a flight path of 17.8m;

π/K separation to 4.0 GeV/c K/p separation to 8.0 GeV/c

High momentum pions

σ TOF ~ 85 ps

Bench Test

at Navis Lab. (1996)

TVC Calibration Test Pulse

1

10

10^2

10^3

10^4

0 500 1000 1500 2000 2500 3000 3500 4000 TVC-ADC (channel)

Counts

0 500 1000

1500

2000

2500

3000

3500

4000

5 10 15 20 25 30 Time (3.5ns step)

TVC-ADC (channel)

Programable test pulse with 3.5 ns step generated by system clock module

Estimation of timeconversion factor

--> Average 27 [ps/ ch]

Integrated linearity <-- +-1 channel

Summary - - Overall TOF resolution ~ 85ps