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D& Bs mixing phenomenology

© Mixing or oscillation : Particle - anti-particle transitions via
second-order weak interaction.

¢ Mass eigenstates a mixture of flavor

eigenstates.
1B,,)= | B)+ p‘B>)
8,)= (ol 8)- p[B)) B
¢ Probability of mixed and unmixed decays: |
08 Production Flavor = Decay Flavor = 0.8 _Productlon Flavor # Decay Flavor
—t/t %0.7:— p(t)=‘%[e'ﬂr[1 +cos(Am,t)] Qg;: D(t)=2—Le-U‘[1-cos(&ngt)]
p(B—B)= ° (1+cos Amt) gz 5
27 > 4
_ e—t/T 03 5 :
p(B— B)= (1—cos Amt) 0.2} :
ool L UV U VA 0.5 2 Avi|
Wan‘l' 1'0 measure Decay Time [ps] Decay TlmeJ[_ps]
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w Bs mixing Current Status

¢ CDF Measurement (Published) =17.7+0.1 + 0.07 ps!
¢ DO Limits (Published) = 17 < Am < 21 ps!
¢ From Global fit to experimental inputs (CKM Fitter) -
@ Am, = 17.7+64
@ Amy = 0.63+006 , ., (Experimental : 0.507+0.005)
¢ From Theoretical calculation within SM framework :
@ Am,(SM) = 19.30 +- 6.68 ps-1
(hep-ph/0612157 Lenz, Nierste)

Values are consistent among
each other and experimental
results confirm validity of
Standard model so far.
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w B, mixing physics re

2 C
Am; My f5. By |V fos/faq = 1.2010.05£0.08 "L
a 2 — 05 [
Am; My, fa Bpy Vm’| B./B4=1.00+0.02 ; _
Extraction of CKM Matrix Element V , within SM = F i
framwork 05|
Many New Physics effects also cancel in the ratio 1% Y p ..&m:
TR ols '”L'“\ls'” 2
p

_ SM
Am, = Am; ‘A . ‘ :
Test of New Physics : Limited by Al's/ AIns (g’ﬁ; =
precision of Lattice computation. i X/ aa
Need to add 1
experimental information from ¢s, A afs

and a., (flavor specific asymmetry) =] /
Angular analysis
(hep-ph/0612157 Lenz, Nierste) gg > /3 oS 3
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Analysis Overview

Reconstruct Bs decays - Strive for high
statistics (S) and low background (B/S low)

eg. B, —>D uvX,D, — ¢r,0 > K K~

2

—_ e
S+ B

A 2
1 SeD? L msgt)\/ S
o} 2

Reconstruct decay
Length = strive for
small resolution (c,)

Accurate determination of
flavor with good efficiency

(Flavor Tagging) --- Strive
for high €@’
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DEB\avor Tagging Method (OST and SSKT)

opposite side . vertex side

OST : Use B decays opposite to

reconstructed Bs - Use Charge correlation
between B and :

*Lepton from B decay

pT weighted sum of tracks associated to

a found secondary vertex

pT weighted sum of all tracks in absence
of secondary vertex

neutrino
£

~jetcharge -~ , :
[ emmsERag ) 1 fragmentation A

SSKT: Use Charge correlation

Construct PDF’s using data (OST) and MC Lece re,COHSthted Lo
- fragmentation kaon
(event-by-event dilution)

A I : S

F; f.b(x.) I”:il;lllf’i,nETagMethods ( z }Kjﬁﬂ'*
L _1=r|d>00) "
l+r|d<0(b) c
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w Combin

ed Flavor Tagging

¢ SSKT and "Event charge” are new additions to flavor tagger. Tagger

calibrated using data (OST) and MC(SSKT)

¢ Use information from all events for tagging - Efficiency = 100%

Max. p”" C‘l

il ]

E: L

| =§ : :

-

E:; Min. AR

LB

L S S
Tagger eD? <
Comb. SST 1.7 4+ 0.6% s
Comb. OST without Evt. Charge | 2.5 + 0.2% a
Evt. Charge 1.5+ 0.5%
All 4.5+ 0.9%
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DATA-MC Match -

Kaon track for SSKT
Combined OST+SST
D& Run Il Preliminar
802 —— B, -> udpm
70E Bs->Jly ¢
- — Average
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202 *-*

O —— 05 i




Data Sample

Decay Modes Ns o |
B, > Dsuv X, D; — ¢n 44000 goost-
i ?500:—
B, > D,uvX, D, —> K 'K 18000 ok
B, > D . uvX,D, - K K 600 i ]
B, > Dev X, D, —> ¢r 1600 10E-
-~ 1000F-
BS —> D; )ﬂ', DS —> ¢7Z- 200 5{10%w .
TOTAL 64400 e S T,
D @ Runll Preliminary (Runlib) o D@ Run Il Preliminary
o‘r-\ y 8 45 :::::b‘hkg
§ 300:_ J-Ldi=1 1fb” ; 40
3250;133—>DseveX,Ds—>¢n) § 35
2200, :
= o
@ 1503—
§100? 3
" 500
Q54758 185 19 905 2 205 5 B4 5 T 0746 48 5 52 54 56 58 6

M, (GeV/c) ! My, (GeV)



w Proper Time Resolution

Layer O installed in Silicon detector.
Event-by-Event Scale factor to correct impact parameter resolution

D@ Run Il Preliminary

g
Bs — D;e* v, X| D@ Runll Preliminary 0.22 B — Dju*X
£ 1.0F i 0.2 | | Layer0 <o >=28.9um
o M-
g 50.18 7+ Nolayer0 <o,>=36.0um
s It 2016 L4 :
C = . | ¥ .
< 0.8 g 014} {t | First oscillation
3 2012 with Dms=18ps-1
zﬁ 0.6}: « Runllb 5 01fr !» P
0.4/ o Runlla S 0.08| T
0 2:_ a 0.06 Ly .
s 0.04} _‘::’
0'*. PG M v g b PRy ARG G SR gy g 0.02 R .
-0.05 0 0.05 0.1 0.15 0.2 0 R 2 2 SN
VPDL(cm) 0 0.01 0.02 0.03

Pseudo proper time resolution (cm)

Better Lifetime cuts efficieny
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w Proper time and unreconstructed particles
e.g. B —)D:_,quvﬂ (D.” - D.y)

¢ Cannot determine P{B. Determine correction factor
(K-factor) from simulated events.

PDS,u/e
B _T
oo Lxy _yp My 5 Mp ="
B ( )B XY pB XY pleD P>
ﬂy T r T £ 900 ' .
gauné— """" B(s)—g' ATE 3
700%_ . Bg—) ;_u"'v
: 600 _Bg_) D;.olfv
Worsened resolution | B Dy
wo- i 5
2 2 300F- 5 3
op Ok °F L
o, =1 + 2001~ €& g 9
L2 K2 100; o ‘J,r..: \
ﬂ; 0.4 0.5 IElI.STm 0.7 --D.IS 0.9 -1 : 1I.1 1.2 1.3
P+(1Ds)/p+(B)
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e ombined Semileptonic and Hadronic

=
o

March 5, 2008
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—2 _
May 2, 2008 Alog L(Am )—logLAm (A=1)—log Lo =0.5x% [I_Aj —(
R o T Prehmmap; l Ldt_24fb G4 T4
E il g i : : N
< 10ges P stat error only """ ]
I B e totalerror 1 AlogL translated from amplitude
EE— T i. :
°F y dse 1 1] scan :
— @ ®: & FLEY -
B ! : 8 Fe 4
o ' Yo 00 o7 . .
Qs i Minimum at value of
’ 5 Am, = 18.53 ps'!
o A E with 3.0 o (stat. only) and
- A'"L‘"““": 408 - 3 2.9 5 (syst. Included)
MO i = ié‘é&‘i‘ﬁ'éq (stat)'i‘ﬁ'émsysn pst }

Amg from Likelihood Scan

12 14 16 18 20 22

Systematic errors —
Fit errors on background fractions estimated from lifetime fit.
Fit errors on Bs lifetime extracted from lifetime fit.
Statisitical errors in BF’s used in sample composition,
Lifetime cuts efficiency uncertainty,

K-factor mean and resolution.
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w Summary

¢ Am, and |V,,/V;.| measured to be :
Am, =18.53£0.93(stat.) +0.30(syst.) ps~'(2.90)
Vid

7

ts

= 0.2018 £ 0.005(exp) "0 0os i (theor.)

Vid

7

IAY

=0.2059 0.0007(exp) "¢ goco (theor.) HFAG

¢ Both CDF and DO have measured Ams. With
improvements in theoretical calculations, and other
inputs, a precision measurement of Ams may be worth

pursuing at LHC as a testing ground for new physics.
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BACKUP SLIDES

Bs Mixing at DG, T. Moulik

14



“*Opposite sign”

“Same sign”

Production Flavor = Decay Flavor

%Bs Oscillations in ideal and real world

~038
a 070 o(t) =1 €1 +cos(amy) Oscillations with amplitude = 1.0 and
0.6 t Frequency = Ams.
0.5 % Mixing A
0.4f ;\1_57 Ixing Asymmetry
0.3} <. A(t) = cos(Am)
0.2F '
0.1F 0.5
00— T 3 0.0|
Decay Time [ps] _0_5\/ \/ \/ \/ \/ \/ \/ \/ \
08 Production Flavor # Decay Flavor y 07
EOTZ— _ 1 -tt . <£
- p(t) =5- eV 1-cos(Amt)] P L o
0l 2t : / 1.55 % 5
0.5} & Decay Time [f
g':f “Inaccurate flavor tag”
0.2} finite precision in
0.1 determination of
R T S— momentum and

Decay Time [ps]

sy G . Moulik

A-(t)Z NOS_NSS
[/
Nos + Ngs
1.5
1,01
0.5
0.0 /\/\A/\/‘\uﬁv
VYV VY
0.5/
-1.0[
AT 3

Decay Time [ps]



CKM matrix and B mixing

Why are we interested to study B meson oscillations

d (V.; Vus Vo |(d Wolfenstein parametrisation
o | = Vu Vv Vu ¢ - expansion in A,
1 ca ¢S “cb
b s W o)
p A=sinf. =0.2265=+0.002
1— A2 A A/13(,(_)—iﬁ)\ 4 = 0.801+0029
—A 1-2 AR ;;’018
m— 5=01-22/2)
\A}@’(p—in) — AQ? 1 ) — ) &
7=0-2/2n

VidVis ¥ VedVes ViV _ON
/\‘ complex‘7 _Vud ub B ViaVis _1

Vub = Vub |e‘iﬂ Vid =| Vid |e—i?/ ViVey  VeaVes

1
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IB(#)) =94 () | BY) + gg_m BY)

~Tat AT
|gi(tj|2 e 5 [msh(Tq t) :I:cus{i\.-m.qt)]

o P

[By(1)) =g+(t) [By) + Ef"‘(tj |1BY)
In general, probability for unmixed and mixed decays Pu,m(B) # Pu,m(TB).
In limit, Ty, << M,, (A"’ << AM) (Standard model estimate and confirmed

by data), the two are equal.

—t/T T2 Eg_ﬂ.mzﬁ‘ | Y ﬁ L
p(B —> B) — € (1 1 COS Amt) Mo 2 m2, Sﬂ(?n.?,/'.rn%r,) (mf) 10
2T e 2 . (&)
—t/t |l \Mp
=y e
p(B— B)= 5 (1-cos Amt) x - 10 for Bs system
T

~ 102 for Bd system
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w Muon Triggers

¢ Limitation of data recording. Triggers are needed to select useful
physics decay modes. 396 ns bunch crossing rate ~ 2.5 MHz > ~50 Hz

fOf‘ dCl'l'Cl to be r'ecor'ded, “Soft” Collision (no hard scattering)
Proten —— AntiProton
¢ Single inclusive muon Trigger: ———
Q |T] |<2.0, Pt 3,4,5 GeV #Hard” Scattering Outguing Parton
@ Muon + track match at Level 1 PT gart)
@ Prescaled or turned off depending on inst_tuimi, — e g AntPrown
@ We have B physics triggers at all lumi's — uneiinegu ———ARem_igaorivine Even
@ Extra tracks at medium lumi's ‘Radbton
o Impact parameter reguirements -
@ Associated invariant mass bk "%‘%JJ 3
@ Track selections at Level 3 ”I: L ’i -
¢ Dimuon Trigger : other muon for flavor -+ N =
tagging | -

¢ e.g.at 501030 cm=2s, L3 trigger rate :
@ 20 Hz of unbiased single p
@ 15 Hz of IP+u
@ 2Hz of di-p
Q

No rate problem at L1/L2 S S mR R £~ -
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DS Details of likelihood fit

¢ probability as function of true visible proper decay length, x
Kx

nos/osc (x) _ g2 0.5 (li@ COS(AmS KX/C))
CTB

¢ Prob. Function as a function of measured visible decay length, xV

nOS/OSC(x ) jdxg(x x x)def(K)E (x )pnOS/OSC(x,K)

Jj'th VPDL K- Efficiency
decay mode Resolution Distribution due to lifetime
cuts

¢ Integrate over VPDL bins, sum over decay modes (Fractions from
MC) . Form likelihood. Minimize -2 InL.

£= 1l (i i % z!é? i gioaid iz P iasig) o

candidates
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