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eTevatron & CDF

*Trigger strategies

*Techniques for higher yields, lower rates
B yields and results

Flavor tagging discussed yesterday in Donatella’s talk



pp collisions at the Tevatron

MAIN INJECTOR

o e _ FIE CYCLER
980+980GeV collisions P . S ‘E‘
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396 ns bunch crossing time  revmme——— e —

132 ns upgrade indefinitely postponed

At present luminosities »1 interaction/bunch crossing
Anticipate up to 10 in future

_ . »30cmlong
Interaction region: Need a long silicon detector

» 30 nm transverse size
Small compared to ct(B) » 450 nm
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Tevatron performance
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Delivered:190pb-t

Peak: 4.1 103lcm2sl —" .
FER AN On tape: 145pb1
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Still factor 2 below nominal Present analyses use »70pb-!
Compare to 110pb1 in Run |
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B physics at hadron colliders

Huge production rates: B* : 3.6£0.6nb  (Run | measurement)

3 orders of magnitude higher than at e*e® Y(4S)
Produce all B species: B®, B*, B, B, L,

~ pick the 1 B decay
Challenge: ¢ 104 QCD events

It's all about having a good trigger
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The CDFII detector

Central calorimeter

Muon system

Time of Flight

1.4 T solenoid

Drift Chamber

|

Silicon detector



The Central Outer Tracker (COT)

1.4 meter outer radius iy -' N

Inside 1.4 Tesla solenoid
30,240 read out wires

4 axial superlayers (12 wires)
4 stereo superlayers (x50 mrad)

200 mm single wire resolution

CDF Runll Preliminary
‘D-Dn separation=1.16 ¢
oo~ D°— Km 4

Do~ 0.7 4 0.1p.)%
ol

dE/dx: 1.2s dE/dx p/K separation
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Very high tracking efficiency: >99.5% s
(for high p-,isolated tracks)
Very reliable operation

<1% dead channels NS,
5 10 15 20 25
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The CDF silicon system

750k channels total

SVXIlI 5 layers, double sided, 90cm long, 3 barrels

ISL 1.5 layer, double sided, 3.5m? 111 1%

For high h tracking = i

Layer00: Single-sided, radiation-hard, low mass |
Carbon-fiber 3% ;

spaceframe D SVX Il
64 cm

Impact parameter resolution:13+40/p; nm

Analog pipeline
Deadtimeless operation

Optical readout
20 ns readout complete detector
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Silicon trouble

[_rzscatter piot of conversion vertices (CTVMFT)]

SVXII £ F

Beam incidents® broken chips I
Very high instantaneous dose :

Wirebonds oscillate&break in Bfield =
Avoid fixed-frequency readout

ISL

ot L o
50

Cooling lines obstructed by epoxy O
11/12 cleared with boroscope & 40W laser

z (t*:miIDEI

So much material: » 0.15X,

LOO

Digital® analog cross-talk Since Jan, >90% works
Corrected in software, but cannot do sparsified readout

Beam-related power supply failures
Replaced MOSFET voltage regulator by BJT
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The Time-of-Flight detector (TOF)

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

4x4 cm scintillator bars, 3 m long (216)

IS

& |
Between COT and solenoid E_ T d
Readout on both sides of the bar B

Compact, fine-mesh PMT
for operation inside B-field

110 ps timing resolution

2s p /K separation for p; £ 1.5 GeV 2 T mentum (GeVI

Designed for flavor tagging

Very stable operation, all 432 channels work

Occupancy higher than expected
» 20% instead of 10%, affects the reconstruction efficiency
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The three-level trigger

Detector

1.7 MHz bunch

crossing rate

A 4

Dedicated 42L1
hardware  buffers

L1 trigger

16 kHz L1 accept ;

Future: 25kHz

A 4

Hardware tracking for p; 3 1.5 GeV
Muon-track matching
Electron-track matching

Missing E;, sum-E;

Silicon tracking

Design: 50kHz [T 1J

L2 trigger

250 Hz L2 accept ;

300 CPU'’s L3 farm

50 Hz L3 accept v‘

>100Hz with data |tape
compression

Jet finding

Refined electron/photon finding

Full event reconstruction
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The eXtremely Fast Tracker (XFT)

150
Every B-trigger needs it ; RSN
i i i = i
Provides a list of tracks p;>1.5GeV | = = Wiy Y
s £ T 5= Lot
Every (132ns) clock cycle EF SNIT ) Y,
- - - = Fi 4':; -:,', -,
z = Z = “ LTz
, : : [ Z 2 Z Z : 4 % D islsvse
Finds segments in 4 axial SL 7 7 7 % BE 2 T
Compare to pre-programmed patterns | % ‘i';:H ‘I;,; 7, ==
: e A T P =
Links segments to tracks T e S
5 i {‘_‘-. -
Compare to pre-programmed patterns._,, : ’-’;”H'Iummmﬁxw‘* =
i WSS
Efficiency >95% for p>2GeV - gsgdpddpoadpoy,
No stereo tracking L , e e o — 1 |t - a7
e s i o R g O g
% DBE .................... : ........................ ........................ ........................ ........................ ........................
M gl PN S - S TR PP
i Fiducial tracks
04[ g B B
02f R SR S SO SN S
- s i : .
o R N S A S
1 15 2 25 3 3E3 pT (GeVich
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The Silicon Vertex Tracker (SVT)

Read out Silicon detector
& Reconstruct tracks at 10’s of kHz!

Silicon Vertex Tracker (SVT) SVT Impact Parameter distribution
e - | ——— Ex 1000 ¢ I
= | $=48mMm , Includes
i | 800 |- I 33nm
_4 £ beamspot
e = 600 -
.-: | % -
? | f E £ 00l
Rate reduction: 59| |
O(107) for 1 track dy>120 rm | B
FURY IP IRETRRC . b, AN T /' = VAP N PP
O(102) for 2 tracks d;>120 MM 51 00s o o005 o1
dy (cm)

More In parallel session by Ivan Vila
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Trigger Strategies

Lepton + 2 displaced tracks
2 leptons displaced track
B® charmonium 2-body B-decays
B,®Jly Kg B,® pp
Semi-leptonic .
Rare decays B.® InDd Multi-body B-decays
Bs® mm Bs® Dsp
me, p>4GeV
2 muons, n 2 tracks,
p>1.5GeV p>2GeV, Sp;>5.5

(2GeV in Run ) track p>2 GeV, d,>120 nm d,>120(100) mm



At present peak lum (4.0~ 1031):

Trigger rates (In Hz)

14

dimuon | leptonSVT Two-track bandwidth
Level 1: e m
Dominated by 40 800 400 5000 16000
two-track trigger:
Level2: n-body; 2-body
SVT kicks in 40 18 9 10 4 250
Level3:
Refined lepton 1.8 2.3 1.3 I 0.8 50
identification
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Dynamic prescaling (DPS

Implemen?ed last August

Trigger is desiged for peak luminosity _ “Typical” store:

Average luminosity » 50% of peak ‘%’" 4.0"10% -

Fill the available L1 bandwidth with B physics! o < 1.5 1031
Ty

3 versions of the two-track trigger:

ngh'pT : Pry, P >2.5GeV, 5p>6.5, Q' Q,
Never prescaled

2139148 BE:14:88
14:88 2883

20hours
Nominal: pr; pr,>2.0GeV, Sp;>5.5, Q;* Q, . sapqp U Prolminery =426 pb"

E168
TL= T

+
§ 22000 DPS trigger D™ — Knr
% 20000i — Unprescaled trigger NDt - 214K

Effective prescale >0.9

DPS=+28%

LOW-pT pTl’ pT2 >2.0GeV gzzzzz'
Effective prescale » 0.22 2 12000,
28% gain in D* yield achieved =

With these prescales

o e b b b b e ey
?.78 .8 1.82 1.84 1.86 1.88 1.9 1.92 1.94 1.96
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XFT 1-miss configuration

Implemented last October

Before, the XFT required 10/12 hits per SL

The two-track trigger reached the maximum L1 bandwidth

Tightened patters to require 11/12 hits

Big reduction in trigger rate ~ Small loss of efficiency

~00 Efficiency E
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Ig 100 ............................................................................................ 0.2 2.0 GeVic 2.0 GaVi
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4/5 SVT tracking

Expected for April
Up to now, the SVT requires 4 Si hits on 4 layers

The 5t layer is not used

Efficiency scales as &*

SVT can be reprogrammed sV 4/5; te;t r[m
And allow 1 missing hit E , '

0 . _ 11 I 0.6 L-;,,,,“i“;““... . H 4
15% single-track efficiency gain ST U coverage

b 30% yield gain for 2-track trigger ... .. improvements

Trigger rates go up by » 70% 03 r....l
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Si tracking at Level 3 trigger

Tracking since January, expect cutting in April

| SVXd, vs. SVTd_ |
Online SVT tracks have >» Real displaced tragk =7
non-Gaussian tall Yoo \ e
Causes fake dispaced tracks m F Y ,J '/T !
Confirm track displacement = e dispnced ok
Wlth SOftware traCklng ":“-1:;1 -a.'f:; 006 -0.04 002 0 002 0.04 o.i}sswn.dnammfg.t

Fast version of Si tracking now runs online in L3 farms
0.2s/event, no stereo tracking, simplified calibrations

More than factor 2 rate reduction for two-track triggers
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Results from J/y trigger
510K Jly ® nm

CDF Run Il Preliminary, L=70pb

7=

Candidates per 5 MeV/c?
T

x10
- Jhy — prpe
510K signal
candidates
- J’ ..h_
oC | | ‘ | s | s |
29 3.0 3.1 32 33

Measure J/ly down to p;=0
s(J/y)” B@/y ® mm) =240+133nb

J/y Candidate Mass, GeV/c?

(For |h|£0.6, all p;)

2"d CKM workshop Durham 2003 Rudolf G.C. Oldeman, University of Pennsylvania,

ew Run Il result!

Events/I0 MeVic"

Candidates per 5 MeV/c 2

omhmmaa:aazm
FWF”T TFW’T”‘P

CDF Run Il Preliminary, L=70pb’
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CDF Run Il Preliminary, L=70pb’

—>Jyo

B,
B.® Jlyf i
w candidates

i W HJ N\%& %ﬁf ﬂ#

i

e
m‘r’ 1l candidates
] ® Jly Kg
a0 \
L I I IS
=
Y 3
'l } L | §
"’_ *TH"'FH "‘ "i”'ir‘*'r +|.—++44.: B

some . CDF |
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Candidates per 5 MeV/c 2

Candidates per 5 MeV/c 2
o

U; B - Jiy
00 B+® \]/ y% + Sanddate
1

. J
60— I
% ‘

bhis
[t 4;’4“‘?
d
0 520

Jhy K

+ . M&# +ﬂﬁ

. By® J/yM[*O o L

!

. 40
BC ddtM s, GeV/c
CDF Run |l Preliminary, L=70pb"

B~>

2 5.35 40
BC ddtM s, GeV/c

Yleld7turh »70% hlgher than Run 1
t(B*)=1.5720.07+0.02 ps

t(B%)=1.42+0.09+0.02 ps

t(B,)=1.25+0.20+0.02 ps

ew Run Il result!




Yields in the lepton+track trigger

COF Run I Preliminary Luminosity 60pb ™ CDF Run Il Preliminary Luminosity 60pb-"

NQ : o 1600[
> [ S [

225001 ®1400f -

Used for: = B, I'D'X Sun B, I'DX
o [ =t
. Bo000r 51200
£2000[- 2

o I

Llfet” ne [ N")=10508 +147 @' % N(D*)=5344 +111
15001 i

800~

measurements 1000} i
r 400/ *setensle,
500pstee F
FI - L 200
avor tagging e -
i i 18 1.9 20 07 138 19 2.0
StUd|es m(Kr) [GeV/e'] m(Kzn) [GeV/c’]
240_CDF Run Il Preliminary Luminosity 60pb™ CDF Runll Preliminary 60 pb A
"© ot 3250 -
% 2201 ll[ é [ B, IvDsX
= 200 | S D, — ¢m, 6 > K'K
o 1801 e =200 Ny, : 385 + 22
% 1602— B—-I1I'DX % _ Ny, 1112+ 19
§ 1401 N(D *)=1470 + 55 E 150
L 120 © H
£ <] r
100|~ @ [
80; -g 100:
C z L
60; L
40 Sls $4,
20[- & PP TR STV Y r MM
= A% | TR e 0 \ s \ . \ ‘ l ‘
o%55"“CT20 0145 0150 01556  0.160 1.8 1.9 2.0 21 29
M(Knzr)-M(K ) [GeV/cz] Mass(K K 'n)[GeV]

Yields » 5x higher than Run I:
(single 8GeV lepton)
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Charm yields

CDF Runll Preliminary L =65 +4 pb™ CDF Runll Preliminary L =65 +4 pb'1 CDF Runll Preliminary L =654 pb'1
© n° © [ AM = 145.378 =+ 0.003 MeV/c 2 "© 1400/ * 0
Eoooo_—D — Kn 5 3 5000 —Width = 620 +30 KeV/c’ 2 D—-Drx
- "N, = 451000 +1400 , = | N, =78160 +390 | = o
% soool s I , 21200 D> nn
2 8000 @ 0 G
-t £ 4000 D—-Dwmx £
e g 0 g 1000
r o D" — Kn i
6000 3000 a00l
4000 2000 600
T 400}
2000 e 1000 -
i r 200
1. ‘ 1 ‘ L ‘ L | J. ‘ 1 ‘ L | 1 L
Ps2 183 184 185 186 1.87 188 189 1. S (T R I B e e e -
) o s 9 0%38 0.14 0.1420.1440.1460.148 0.15 0.1520.154 0 1'75 ‘ 1|a ”‘35 —= NTLs
K~ Invariant Mass [GeV/c'] - - - 9 -9

2
M(Kzr) - M(Kr) [GeVie ] nr Invariant Mass [GeV/c’]

1pb! @CDF » 1fb-l @Y(4S)

Rare decays: D°® nm<2.4" 10

ew Run Il result!

D°® pp)- GD° ®
Direct (2{3 in DO decays: Acp = ! 0 PP) G(_O PP)
GD" ® pp)+GD~ ® pp)
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250

200 |

150

100 |

50 F

B—>h

++ 301+ 27 signa : ]
+ + Mean 5.241+0.004 GeV,/c? ]
+ Width 0.041+£0.004 GeV/c™
# '
+ ]
# ]

t
++++ _
¢ R ]
L] r -
.................................. ]
4 6 48 5 52 54 56 58 6
M (CeV/c™)

B.® Dp,D,® fp:

golden mode for B, oscillations °

Add additional modes

*B.® D, ppp,D°Kp
D.® K*K, ppp, KK

Need O(10°%) events to observe SM B, oscillations at 5s

Hadronic B yields

Clean B ® hh signal established
By® pp By® Kp
B.® KK B;® Kp
with kinematics & dEdx

Disentangle

[ 65+ 4 pb” February 26th 2003 CDF Run 2 PRELIMINARY]

_—

=

£ 45 D; Yield: 65 + 20 events Dy Yield: 40 + 10 events
% Uncorr. Mean: 5160 + 20 MeV Uncorr. Mean: 5360 + 5 MeV
= Sigma: 67 + 21 MeV Sigma: 20 + 4 MeV

&

= 35

2 B.>D{n

[=

% 30 D.—on

m

1: | o 11 o -- A
oL L .‘| L .‘ﬁ%. .{H”.{”. L
46 48 5 5.2 5.4 5.6 5.8

Candidate Mass (GeV)

May take a while...
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Conclusion

CDF takes data, produces results
Some of our yield predictions were too optimistic
Nice surprise: competitive charm physics program

Keep improving trigger strategies for B physics
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Recent efficiency improvements

Lots of work and ingenuity to improve the Si coverage

Wedge

Wedge

December 2002

L ¥ 3 N
1 2 3 4 5 6
Barrel

Csvt

0.9
0.8
0.7

0.6

=]
Lk




Flavor tagging

Opposite side Same side
e+

Opposite side:
Lepton tag: e or mfrom B ® InX

Sum of charges of all tracks:

Jetcharge tag: 43 tor b -1/3 for b

Kaon tag: KfromB® D® K. (Need TOF)

Same side tag:

Correlation between fragmentation particles and B

1.7%

3.0%

2.4%

1.9%

9.0%
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BACKUP _ .
Heavy flavor fraction of B. CHARM trigger

1200

1000

800

600

400

.

200

S
b
M
w
N
o
o
~
o
©
—t
=

P Heavy flavor fraction » 70%



The Calorimeters and muon systems

Central calorimeterl for |h| <1
Plug calorimeter up to |h|<3

Electromagnetic (for electrons and photons)
Lead/scintillator s (E)/E = 2% A14% / CE

Pre-shower detector and shower-max detector

Hadronic (for jets)

Iron/scintillator s (E)/E = 4% A 60% / CE

P
\\\\\\

|
Muon coverage for |h| <1.5 k\

Drift chambers and scintillators ¥ \




Silicon damage

SVXII; time evolution of unrecoverable failures

14%
T 12%
73]
a
S 10% -
E+]
A
&
g 8%
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v o
- . Total P
o —
) ——
g 49 — e e
>
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_—
2% r
0%. J
- S S S A O
g g 5 5 5 3 3 5 3
5 S & 5 5 5 & 5 5
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