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Outline

« CDF-II TOF System Overview
— Basic Principles of the TOF method
— The CDF TOF detector
— Mechanics, photomultipliers
— Front End electronics and signal path
¢ The Time measurement
— System stability and calibrations status
— Measuring the interaction time (t0) of the event
— Initial performances and first Particle ID applications
* Flavor Tagging in CDF with TOF
— Physics Motivations
— Opposite side Flavor Tagging with TOF
— Same Side Flavor tagging with TOF
— Projections for the Bs mixing reach in Run-II

Related Presentations at BEAUTY-2002
D.Lucchesi: Secondary Vertex Trigger
M.Paulini: CDF Run-II Status and Prospects
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The TOF Technique

Left PMT Right PMT
» Speed of charged particle — —
determined by flight time ¢ L
across known distance L Speed of light in bar: v,
« Using the particle momentum p,
measured with the central Production time: t,
tracking system, 1s then
possible to determine the .
particle mass m t=1,, ———1
bar
~ 5 ns for fastest particles
2,2
 Mass resolution in CDF _p |ct
. . m = —1
dominated by the time C I >

resolution of the detector

o,/p=1%
o, O, @72(@ @GL) o, /L=0.1%

m p ¢t L o, [t=2%
y:>>1
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Particle Identificat

500 .

* Time resolution goal for the
CDF TOF detector: 100 ps

 With that resolution:

2c K/ separation for p < 1.6 GeV/c
20 K/p separation for p < 2.7 GeV/c
20 K/m separation for p < 3.2 GeV/c
1.2c K/p separation over all p

* TOF will complement the
particle ID based on dE/dX
measured on the central drift
chamber (used 1n Runl)
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Momentum, GeVic

L =140 cm ~ R

*Assuming 100 ps timing
resolution for TOF

Standard Deviations

.



The CDF-II TOF Detector

Rigr~1.4m
ad Coverage: ‘n | <1

END WALL
HADRON
CAL.

e 216 scintillator bars
— Bicron BC-408

-7 = 2.0

ENDPLIG HADRON CALCRIMETER

END PLUIG EM CALORIMETER
L}

, - Ay~25m
B o > — Fast rise time ~ 0.9 ns
0 ..yh_‘Tl | | I | T 11 | T T | T 1T 1 | T T 1 | | - 2.8 m With ~ 4X4 sz CrOSS
0 0.5 w;ro 1.5 2.0 2.5 30 m section
sSVX I INTERMEDIATE
SLAVERS - SIHICOR LAYERS e Hammamatsu R7761 PMT
Test run (5% "“full-scale") in 1995 on bf)th ends
Approved January 1999 — Fine-mesh, 19 stage
Fully installed in ~ August, 2000 — Gain reduction 500 @ 1.4 T
electronics - AUgUST, 2001 — Small TTS: 250400 ps

Stable data taking from October 2001



TOF Mechanics and PMTs

Scintillator bars assembled in 72 triplets
*100 um fibers for laser calibration
Few millimeters radial clearance

Light concentrator, Hammamatsu PMT,
HYV divider and preamplifier held together
in Aluminum holders.

*Not glued for staged installation
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Front End electronics and Signal Path

« Differential PMT signal from

CLOCK
SIGNALS

L e anode and last dynode fed into
st preamplifier to recover PMT gain
Inalirs reduction due to B field
DIFFERENTIAL PMT SIGNAL START : g .
I * Signals from preamplifier driven
THRESHOLD Q MEASUEMEN .
15 g mcurrj to readout into two paths:
n[ e — Timing path: |
wors | Lo H— swarroe ¢ =1ty tya With TAC
wonrroR ¢ tg... from clock distribution

stop*

1 o system (jitter < 25 ps)

CHANNELS

* tg, from threshold

discriminator
* TAC output digitized (12 bits)
v'864 channels in 8 FE crates _ Charge path:
v'Slightly modified CDF Calorimeter FE + Gated current integration (10
electronics (ADMEM) used bits)
v'Clock cycle 7.58 MHz (132 ns bunch crossing) . Used for time slewing
corrections
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The Time Measurement

TOF TAC measurest =t

from the PMT signal
from clock distribution system synchronized with the bunch crossing

stop start (common StOp)

start

stop

For a track hitting a bar at z and QO being the charge read by the
channel:

> tstart - tO + ttof T tscmt cable T F(Q)
Where:

* t,: collision time
t.q travel time from collision point to scintillator

= (L,,/2 = z)/v: scintillator light propagation to PMT (v ~ 15 cm/ns)
* t.p Signal propagation, through PMT and cables, to discriminator
F(Q): effect of the time slewing (walk), which depends on Q

scmt

All these effect must be controlled better than few tens of
ps to achieve the desired 100 ps timing resolution!
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Calibrations

* Essential to achieve the 100 ps goal

16 Aug 2001 6 Jan 2002
* Includes: A
— online calibrations: E'm; o
« TAC/ADC calibrations 2F . X
* Electronics Stability s “u .,.-:: ' R
50.8 . W ’ "
® Tine CaliZyation PeastiEaments ——ts wimmm:s
— offline calibrations:
« Speed of light measurement bar by bar

 Attenuation length studies

* Time Slewing (Walk) corrections TAC routinely calibrated

Good Stability

Difference subtracted by
the calibration (residual
effect < 17 ps)

« Cable length analysis
— event t0 measurement with TOF

S.Giagu - BEAUTY-2002 - Santiago de Compostela Jun 17-21 2002



Time Difference Analysis

Speed of Light in Scintillator

e Compare track to time difference
between z<0 and z>0 PMTs (east-
west)

¢ At = tE'tW — 2Z/V + tOffSCt
* 1, trop cancel 1n difference

Speed of light = 14.82 £ 0.01 cm/ns
Offset =-0.8539 = 0.0069 ns

Teast - Twest (ns)

* e 18 Tesidual walk corr. and
cable diff.

. : Egﬂtml
Width of residuals from the
straight line fit is a measure of
the timing resolution of the

two PMT added in quadrature:

Averaged over all bars: better =~ CAVEAT: Systematic effects that cancel

than 250 ps (o, ® 2010F) in the time difference not necessarily
would cancel in the calculation of TOF
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Charge Distribution and Walk Correction

8
Used for time slewing correction. ?.’loooi
ADC response studied selecting tracks passing B a0 ADC distribution
through a single bar. 2 |

. . . . E600—
Landau charge distribution after correcting for b f
attenuation. 400
Measure of the attenuation length bar by bar 200/~

ok !

0 1000 2000 3000 4000 5000 6000
ADC response (counts)

Time slewing (walk) effect:

Leading edge time pick-off method: larger
pulse fire the discriminator earlier than
smaller pulses

140 b)
[ Mean =15.73 cm/ns

120
[  RMS =0.09 cm/ns

100

140 a)
[ Mean =14.92 cm/ns

120°  RMS =0.16 cmins
100

Events/0.1 (cm/ns)
Events/0.1 (cm/ns)

Substantial effect: ~ 2ns (full ADC range) s Before TW o After T
Studied comparing At between same side s Correction 601 Correctign
channels of adjacent bars: aof “of
« Same z entrance point 2 At =t,-t; 201 200 j
depends mainly from the walk effects g nmoag P VT T T R TR TP
speed of light (cm/ns) speed of light (cm/ns)

« Parameterization: oc 1/ \/Q



Measuring the t, of the event

e Operation of a TOF detector
in the CDF_II enVironment iS Three pI; interactions :
a unique challenge in one bunch crossing o

at the same z

— Long bunches: 6, ~ 30 cm =

Aty = GZ/ c~1lns>>oc, Times of individual

— Multiple interactions in the same ~ cCllisions measured
. with TOF detector

bunch crossing o

“a

* For analysis in which a B decay is ™~ o N a7
71”‘7045‘3‘7‘0.5;0.4 70.2‘ O‘ 0.2“‘0.4“0,6 0.8 ‘1

fully reconstructed 1s sufficient to Colision time (1)
consider only tracks associated to its 3000
primary interaction vertex:

—Reconstruct B decay (B’—J/yKO, BO% /

O N /
.
I
N

G~ 30 ps

-

ntriek / 10 ps

w 2000 Event ty
—> Diﬂ: .. ) 0,,=33.2:0.2 ps
. ’ ] . 1500 \
—Find other tracks in primary vertex ity
(<n> 1 3) 1000 6,,=63.3£0.4 ps

/

500

—Perform likelihood fit for ¢,
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Time Resolution Estimate

e First estimate of the time Time resolution at the PMT face
resolution of the complete Nent = 216
Mean =110 ps
RMS =15 ps

TOF system
e all calibrations and
L _L‘ PO RN TR AN TR TR T TN N N M N
0.05 0.1 0.15 0.2 0.25 0.3

corrections applied 0
resolution (ns)

Events/0.01
o
o

80

e Compare measured TOF "
versus expected value using
pion hypothesis as a

function of z position ol

e Measure TOF resolution at
PMT face from the sigma of
the measured distributions

 Calibrations and event t, /
determination are still

o

o

Grop~ 110 ps

preliminary! We are approaching the design goal!
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Preliminary Performances

TOF Reconstructed mass VS momentum $(1020)—>K+K-

COF Time-af-Flight : Tevalron sfare 860 - 12232007 l

p.(K’)<1.5 GeV/c (no PID) |

o = 6000
= 2 I J.Ldt=1.5 6"
g So00|— P
ST gt
\E’ Ei000—
N p G L
= 3000/—
2000/
4 B N(b) = 2354 + 325
000l N(bkg) = 93113
07‘1“l‘w‘ P T T T AN SR SN S NN T SR A N S N
- 096 098 102 104 106 . 108 4.1
MK K') (GeV/e?)
11 N Y.
0 0.5 1 1.5 2 | p.(K’)<1.5 GeV/c + PID |
Mamantum (Galit) ~ 600
s [ j.Ldt= 1.5 pb”
< s00/—
. 8 | |At/o,l<3
Particle ID: ¢(1020)—>K*K~ £ 400/
Iy} B
with Pt < 1.5 GeV/c 3001
200
i N($) = 1942+ 93
N(bkg) = 4517
BG reduced by a factor 20 100~ ’
Signal reduced by 17% Y TRy 1 Py T YRy R 708 X
MK K (GeV/c’)
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Using TOF to enhance flavor tagging in
CDF

* The measure of the flavor oscillations 1s one of the main goal for
the B physics program at Run-II

« Basic ingredients for the measurements are:
— Trigger on tracks from displaced vertex (see D.Lucchesi’s talk)
— B mesons reconstruction in the appropriate final state:
« Ex. B® - J/yK%, B% — Dt
— Measuring the proper-time of the B meson decay (ct)
— Determining the flavor of the B meson at the production (and
decay for the mixing analysis)

* CDF TOF detector was designed to substantially improve the
ability of CDF to study the B system, and to increase the

statistical power of the J/WwK' sample for the measurement of
sin2f3
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B Flavor tagging in a nutshell

Detepnine whether the reconstructed B meson contains a b quark
or a b antiquark

=

N —

Given a pure signal: S = N+ N (no background) > asymmetry: 4= N

=

= Flavor tag 1s always imperfect <
Can’t always deduce production flavor: gN + N :@ﬁ\> ¢ = tag efficiency

Sometime the tag is wrong: (if P is the probability that the tag is correct):

(PN +£(1-P)N)-(ePN +£(1-P)N)
Ameas - 8(N 4 N) _A

“—» =D (dilution)

Figure of merit: eD? € total tagging effectiveness

eD? determines the effective statistic of the sample: S>> DS

_ | 1-p4 1
eD*(N+N) eD2S
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B Flavor tagging in a nutshell (2)

Several B flavor tagging methods studied in CDF:

opposite side same side (vertexing)

opposite
side kaon o+
- > ™~ fragmentation .
K- kaon K
- = .E:} -
I:Lm sSon ~

-
——— b -~
B hadron = <.

P.V. Bs ~ 2 -—K
L Xy Ds -\]T---
Opposite side tags:

Identify the flavor of the “other” B

* opposite side lepton tagging® (Runl)
* jet charge tagging™ (Runl)

* opposite side kaon tagging (TOF)

Same side tags:
Tag particles produced in the hadronization of

the reconstructed B
* same side tagging* (B?) (Runl + TOF)

duced t >
reduced acceptance =2 € » same side kaon tagging (B%) (TOF)

flavor oscillations (B%B%) = D

* Successfully implemented in Runl better acceptance 2 ¢
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Opposite Side Tag with TOF

Idea: exploiting B weak decay: b—c—s

B-mesons containing a b quark will contain likely a
K- in the final state than a K+: b—>K X but b—>K*X

|

Require TOF, dE/dX and SVX to identify displaced

kaons

Can be applied equally to B and B K-
§ 500 i T T ‘ 1T ‘ 1T ‘ 1T ‘ T |
CDF-II potential estimated using Montecarlo ) - 0 i
simulations and assuming 100 ps resolution for the & 400 - 57 /0 tagged -
TOF g i h / Wlth TOF i
E 300 /] -
e =11.2% - Opposite-side
200 177 kaon spectrum
D =46.1 % : P :
 -eD2=24% 10 |- -
Run_I S 1% 0 i | ‘ | 1 1 ‘ |1 P | i

0 2 4 6 8 10
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Same Side Tag with TOF
Ry

— m K(*)O p

C,

Exploit correlation between b-
flavor and particles produced in
the hadronization of the quark

mt > BY, == B%and K+ = B

Reduced effectiveness for B? due
to opposite charge correlations of
associated m and K/p = different
dilution for B* and B°

The TOF ability to identify t, K
(and p!) double the ¢éD? for B? and
make possible in CDF same side
tagging for B

eD? | w/o TOF | with TOF
B% | 1.0% 4.2%
BO 1.8% 2.4%
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Dilution

0.3

0.25

0.2
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Oyr\y\

B° - B~

- Pythia Monte Carlo }
RN '

g 3 8

| . 3 8 5034 X
¢ @
¢ 0 LN

5 . L ¥ ¥ 4 + + +
: . ® B all tracks

- O BT pions only

! Bl B all tracks

[1 B pions only

"

L P NI T T T SN T T AN TS AN S N R |
0 0.2 04 06 08 1 1.2 1.4 1.6
p+(SST) Threshold (GeV/c)




B, mixing parameter x, projections

Combining all the b-flavor tag methods: c 2 - SigBg = 2
~ eD2=57% (w/o TOF) 5 18 —SloBer ] (el
— ¢D?=11.3 % (with TOF) § 1.6 CDF
Substantial impact on the sensitivity for o 1.4
the Bs mixing parameter x, £ 1.2 b
7))
x, reach estimated using Montecarlo o 118
assuming;: i 0.8 u%
— Only Bs hadronic decay: B, > D+, 8 %9
D mrrnt with D~ —¢n-, K*0(892)K-, £ 04
Tt = 0.2
— A completely commissioned and fully B, mixing parameter, X,
operational detector and trigger
system Sensitive up to x, = 70
— Signal to Noise: 2:1, 1:2 Test SM prediction (~30) with

<200 pb! integrated luminosity
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Outlook and Conclusion

e The new CDF-II TOF detector 1s fully installed and
in stable operations since Fall 2001

— Calibrations are actively going on, as are the
development/optimization of reconstruction algorithms

— Basic Particle ID functionality start to be available
— 100 ps time resolution goal seems reachable

 We expect substantial improvements using TOF 1n

the effectiveness of CDF flavor tagging, particularly
relevant for BY

» We can explore Standard Model predictions for x,
with ~ 100200 pb-! ... first result expected for
Summer 2003
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