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Time of Flight (TOF):

Particle Identification (For Bsmixing: especially Kaons)
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Zooming in...

Same MC event (oneP P interaction):
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lmportance of LOO:
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« CM Energy from 1.8 Tevto 2.0 Tev

Run |l at CDF;

M.Martin (CDF/Oxford)

 Significant Luminosity upgrade ( 2 fb—expected in first 2 years.)

Scenario

Tbunch (nS )

L

(x10*cm ~?s™)

396
132
396

0.7
2.0
1.7

« Significant detector upgrades (as described).
e Status of Tracking and TOF:

*Central Outer Tracker:

*Physical detector installed. Calibration soon.
*SV X (main silicon detector) and ISL (Intermediate Silicon Layers):

L_adder assembly complete for SV XII, at 80% for ISL
2 of 3 barrels are complete for SV XII. Ladder mounting on the frames is underway for 1SL

L.00 (inner layer of silicon):
*On target for Oct 3rd completion.

*TOF:

*Mechanical Installation complete.
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Bs Mixing: A brief reminder
B.L)=pB,)+qB,)
B..H)=pB,)-qB,),
B,, L) |B,,H ) arewhatdecay (L=light, H=heavy).

‘B L>() —I t=iM t
‘B H>() —Mt=iM 4t

>‘ BS>,

BS> strong interaction eigenstates

X:"M r:rH+rL
R B 2

B L> {AM =M, -M, J A Box Diagram for Neutral B Mixing
H) b

\% b

So aparticlewhichis |n|t|aIIy aBs

has atime evolution: Eq u,c,t u,C,t B,
1 [ t=iM t —[t-iM,t

W= 5 e resan] LWL ___
p q(sord) VYV q(sord)

_ M, M,
andsince |- .

Wi(t)=f(t)B,)+dlt)

—, XsISwhat we want to measure.

V are CKM Matrix elements, eg V or V,
for B, and B, respectively.

gs> where g(t)#0 fort>0
f(t)=1fort=0
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The importance of X

e Important goal: Measure CPV in the interference between
decays, with and without mixing.

(Clean theoretical interpretation for some modes)
 But the time dependent asymmetry modulated by mixing:

Given 2 time evolving neutral B states which start out as B and B
respectively, compare their rates to a given CP eigenstate:

r(.gophyS(t) - fCP.)_r(BOphys(t) i fCF’) =Im(A. Jsin(Am.t
F(Eophys(t) . fcp)"' r(BOphys(t) N fCP) ( fcp) ( B)

« \Without being able to resolve Mixing, a measurement of this
asymmetry in the Bs sector will be nearly impossible.

e ds0.....
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Xs in the Standard model and beyond:

» The Standard Model does not easily allow % g0

So could see new physics here (eg x, >>30)

. . AT . .
* However, intheratio —— some theoretically uncertain

guantities cancel. So in conjunction with a measurement of Ar,
could provide cleaner evidence of new physics.

A measurement of X. would help to constrain the
elements of the CKM matrix.
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Reminder of what we measure:

* Note: Ignoring CPV, but expected to be negligibly small.

— |\Iunmixed (t) B Nmixed (t)

|\Iunmixed (t) t Nmixed (t)
» SO must tag the initial flavour of the B:
« Same side tagging: Fragmentation Kaon.

*What ismeasured:  Ayen) (t)

» Opposite side tagging: Semileptonic Decay, Jet Charge, Kaon Charge Asymmetry

NR_NW
NR+NW

« Don't get it right all the time. Parameterise this by Dilution; D =

Where N, (N,,) is number of correct (incorrect) tags.

* Related to mistag rate: D =1-2w
(egif out of 100 events we tag 60 right and 40 wrong, D =0.2,w=04 )

 Tagging efficiency £ is defined as the fraction of signal for which we

could calculate atagging quantity. "
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The significance of a measurement:

*In order to find X, fit the measured asymmetry to:

at)= Acos(ﬁj (by minimizing alog-likelihood quantity).
T

*The significance, in equivalent standard deviations can be expressed:
Sig =/(2xAlog[L])

where A |09[L] Is the depth of the minimum compared to the next-to-deepest minimum.

*This can be expressed analytically:

Sg(x,)= NEZDZ exp[[_xs %)’ j\/;
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CDF basdaline Likelthood function:
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Semileptonic modes,

e LOOK INn; B, - IvD,
B. - IlvD,

» Proper time resolution worse than Bs - D, 7'

e Expect N =40,000 semileptonic sample size

 Extrapolating from Run | data, expect to be able to
measure X, =30 from semileptonics alone.

14
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Fully Hadronic Modes;

e Look for fully reconstructed Bs decays. minimise o

* Reguires triggering on hadrons. a challenge at a hadron machine.
Use an extremely fast hardware impact parameter trigger

(hasto able to cope with an input rate = 20kHz )

_ D. - @

B, - D, 77" whereq ° v
Q- KK~
_ D. - @m

B. - D, 7m'mm m whereq ° v
Q- KK~

D.” -~ D,y

S

e

BS — DS*_ﬂ+ Where< DS — ¢7T_

@ - KK~

e Seek to reconstruct other modes of the Ds 15
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Assumptions behind prediction

 Only consider fully reconstructable modes

* Predictions take into account:
 Expected Luminosity
» Expected occupancy

57% without TOF
11.3% with TOF

60fs without Layer 00
45fs with Layer 00

e Number of fully reconstructed Bs events = 20000

e Tagging power: 2 :{

 Proper timeresolution: o, ={

Senario L
Tbunch (nS) (x 102 em _25_1) <N 0 F> Mode A B C
B, - D, 7’ 10600 8400
A 396 0.7 2 o
B 132 2.0 2 B, - D, 12800 10400
C 396 1.7 5 B, - D, m' 9400 7400

7200
8100
5800

e 2fb™ Inthefirst 2 years of running.
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The Prediction.

Maximum values of xsfor which a5 o observation is possible:

S/B=2:1 S/B=1:2
N(Bs) Baseline |TOF+LOO |Baseline |TOF+L0O0O
5000 30 49 21 39
10000 37 56 30 49
20000 42 63 37 56
30000 45 67 40 60

M.Martin (CDF/Oxford)

Minimum values of signal-to-background ratio for which a5 o observation is possible:

5000
10000
20000
30000

xs=30 Xxs=40
N(Bs) Baseline ITOF+LOO Baseline |TOF+L00
2.20 0.24 - 0.53
0.52 0.11 - 0.21
0.21 0.05 0.99 0.10
0.13 0.03 0.50 0.06

99(&#@ ['XS Ak J;
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CDF baseline 5 0 Mixing Reach:

5 20

—~ A (@) CDF baseline

§ 18 & Combined flavor tag

3 16 x 2/1 signal/background

g 14 \

3 \ —— Monte Carlo
12 By Analytic expressions
10 X
8 X
4 N 50 measurement
0 1 e L T L1

0 254 50 75 100

Approx SM limit (30)
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Beyond the baseline reach:

B 20 20 =
g 18 Combined flavor tag 18 =
3 16 2/1 Signal/background 16 |
g, 14 ——— Layer 00 + TOF 14
1) ---- Layer00 -
12 ----- TOF 12
Lo\ e Baseline CDF -
10 ‘\ \ 10 -
8 B g
6 \\ \\\ 6 }
4 Y v \50 measurement 4
2 2
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More Intuitive picture:

M.Martin (CDF/Oxford)
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Conclusions

e SM prediction: % Y
« With TOF and Layer 00:

* Even for pessimistic sample size, SM prediction well
within reach.

e Even for pessimistic signal to background ratio, SM
prediction well within reach.
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