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e Motivation and Method

Want to measure CKM matrix element |V _|

Measure BS oscillations to reduce hadronic uncertainties

Example: Measure decay T
Bs — pv,Ds(¢m)  length and momentum

P

u’ <- final state
v tagging

b-Hadron

initial state tagging ->
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w Tevatron
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w D@-Detector

CFT CPS [ [
IORTH : \ / ,/ -

I /! . | |I
7 H
— Muon: Layer C - \ i
7777777777777 [Sauninstnn s vy 7 NN X I ! l,'-'l if
_ 7 .-"l i
; . 1 ||Il
7 ANl

T — [ f
— i —
— 77 Layer B m Zz : '_ .'IlI| JIA

0.9m

£ i T =
S. —_—
/

\ _Ccﬂonme’rer ﬁ @ compact tracking system

, @ high acceptance for
' muons in pseudo rapidity

YIITIRIITIIEs RN 3 Iy

= iz Toroid =T —

I
-
o O
— O O
—
—




w Comparing the Detectors

@ Higher muon mn coverage:
ml < 2
@ B mostly friggered on

Benefits of large
1 coverage!

muons

= mostly semileptonic
decays

@ Smaller muon n coverage:
nl <1

N W A UI'I (&) ~ 0
pAu) [GeV/c]

= s Efficient track trigger K R
J o r 11
| 1 1D9
- => hadronic modes easy 329 0 1 2 3 0
: accessable n(n)
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w B Production at Hadron Colliders

1 Run: 164082, Evt: 31337864,
Sunday, September 15" 2002
— T T —

ANNE
N

@ Production of B mesons "messy" => many tracks per event
@ Immersed in a large background = not easy to get clean signal
@ Really hard to frigger events

=> important: high muon acceptance as we have at D@
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Trigger Strategies

D@ uses 3 level trigger system

signatures to frigger B candidates:

@ presence of u (all trigger levels)

@ Cut on ¢ mass (only Level 3)

@ Cut on significance of impact
parameter (only Level 3)

f:,g: L1 single muon ® Tevatron pushes to higher

ZE luminosities

§ 3 ? => How will the rate evolve?
g e ° @ Trigger-rate limitation on each
- wﬁ* trigger-level?
—/ >350 kHz @ Combinatorical background
T e increases faster than linear
0 Lumi 170 300

(10*° cm™2 s™)
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De> B-Physics Triggers

What to do to retain trigger rate, while increasing efficiency?
@ PROBLEM: Increasing threshold on muon p_ will significantly cut signal
@ BUT: Level 3 is able to reconstruct events and trigger on physics signatures

=> Create/Optimize triggers cutting on decay typical properties, i.e.
invariant masses, impact parameters,...

Example:
cut on invariant ¢ mass

400 £
350 £
300 -
250 £
200 -
150 £
100 -

50 £

entries/0.001 GeV

%.96 098 1 1.021.041.06

108
m(KK)
Reconstructed invariant KK-mass
from events triggered by ¢-mass
trigger
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Analysis steps

For B, mixing analysis we need to:

* Tag final state flavor

* Reconstruct and select events
® Measure proper decay length of B-meson
* Tag initial state flavor

Gernot A. Weber - Institut flr Physik - Universitat Mainz 9
CKM 2006, Nagoya, Japan



Decay Time Measurement

@ Decay time given by: Mpo
tB'D —_ Lfy . 30
S pr(By)
@ v has missing momentum -> take visible proper decay length
oM = LHDs . Mp

T " C
Y pr(pDs)

-> decay time:

M D,
thzm__K K pr(pDs)

c pr(BY)

@ Uncertainty for time measurement

o) o)

-> K << 1: high uncertainty for o,

-> o(K) high: high uncertainty for o,
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DO

Take into account: missing momentum of v

-> four different (u Ds) mass ranges

#ass[ﬂ;u]-d.ﬁﬁe\m: Entries 921 |3.5-u'nasa{[};p]<4.ﬂ6ew-=2 Entries 1100
E . . Mean  0.847 = . . Mean 0.8479
] B
HMC simulatio ms o] ot MC simulation e he
60 |~ B
El :_ g 80 B
5 5 L
8 wf 8 eof
% : g 60—
£ anf % B
& £ wl
20f- C
) sol
10f- N
l]':"'"' SR R B B ' 1 R o b [ PRI A N I I e S s 0 B e
03 04 05 06 07 08 068 1 11 1.z 13 03 o4 05 06 07 08 08 1 11 12 1.3
K Factor K Factor
|4.0qnass{D;u}q4.EGEWc2 Entries 881 *.EGean-unass[D;u‘ Entries 334
B . . Mean 0.B587 L . . Mean 0.8926
: MC Slmulatlon BMS 0.1008 50:—MC Slmulatlon BMS  0.0644
a0 f— N
o : E—- 40—
= F  F
3 G = o
g8 8 a0
2 [ s [
2 af- 2k
s | g 20—
w L ] -
i 10f-
[l sl s Jonatap oo on s il sy sl B nonpsenstf s s poos s e e eiae
v Y Y Y Y S Y N ¥ T TR T B Y Y G R E ST PRR T
Fact K Factor

Resolution better, the closer m(uD) to real B_ mass

<-> the less correction of missing momentum From v 1



Initial Flavor Tagging

Analyses presented here:
Opposite-side tagging (OST)
@ use charge of decay lepton
@ jet charge

@ event charge

for initial flavor tagging

Tagging algorithm independent
of decay on signal side, i.e.

OST(Bd ->u+ X)= OST(BS ->u+ X)




Determine Tagging Power

Use well measured B, oscillation to determine tagging power

Quantification of tagging-power:

€ - D?

/ ™ D — Neor — Nurong _ Neor — Nurons
B Ncor + Nwrong B Nta

Tag(u+SV)
02— ¢ qO*)<0 _ .
CBEL 1 q™)0 B B
Likelihood: combination of F - >
all tagging variables 012F-
. . 0.1 -
=> tagging variable d 008 n Y S
0.06 = L reler—
0.04 - - o
0.02— +_._ e —l_l_‘ o
L TR ¥ S S e 1 R v 1N
tagging variable d
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onsistency

Dilutions found to be the same

for analyzed B, dec

-> justifies application to B

N -
S 180000 B"— D u' X, 1
(5 16000 [T
S 2000
ays ; 10000/ ) Y
2 8000 S e
S eo00- . . D%
> - -
M@ 4000~ : \
2000 Reflection e
0:.,..|....|..,.|....|...,|..M
14 15 16 17 18 19 2 21 22
M, (GeV/c)

Mixing parameter found to be in good agreement with world

average:

Amg = 0.5006 -

- 0.020 (St&t) -

- 0.016 (syst) ps*

Combined tagging power found to be (hep-ex/0609034,
FERMILAB-PUB-06/341-E; Accepted by Phys. Rev. D.):

€D? = [2.48 -

- 0.021 (stat)fgzgg (syst)]%‘

Gernot A. Weber - Institut flr Physik - Universitat Mainz 14

CKM 2006, Nagoya, Japan



w Signal Selection

Bs — v, Ds(¢m)

- DO Runll 4 1fb™ " DO Runll A 1fb™
1200

(o)}
o
o
o

800

N
-
o=
o

400

Events/(0.01 GeV)
S
3

|tagged|

'1.8""1'9""2'6"' '1.'8""1'9""2'0""
(KK) [GeV] (KK) [GeV]

s Big semileptonic B_ sample = 25k evenfts

@ Affer tagging: = 5k events
~ 20%
@ PRL 97, 021802 (2006)
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Published Results on AmS

Likelihood L: test if consistent with certain Am_

—Alog(L)

2 - go%CL**** """"""""""""""" R o

First Measurement at D@ - March 2006
PRL 97, 021802 (2006):

17 ps™ < Am_ < 2l ps”(90% C.L.)
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After Publication

3 more decay channels:
Bs — pv, D (K*K)
By, — uv,D4(KJK)

Bs — eveDg(¢m)
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w Bs — pvuDs(K™K)

DO Runll Preliminary
S2000E 4 dots - dat
[+}] [ -1 1 o1s - data
21800 [Ldt=1.0fb _
Q = f --- total fit
‘%1600:_ --- signal
§ 400
2 F eflectio
=00 = o D;:abibbo
1000—
800 — --- Background
600
400
200 —
(7ot 19 2 21 22 %%,
M(kn)K GeV/c )

@ Technique first used at CDF

@ K" mass cut

@ Reflection is directly in signal region
-> low S/(S+B) ratio

@ D@ Note 5172-CONF (2006)
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o = 0
< 350/ — D— KK
S — D*— K3
2 300 0
> — A= Kgp
=l 0
§ 250 = — D KSK
wOE D— K3r X
200—
n Background
150—
100—
50—
:l 11 | Lo | I A R ' [
927795 16 17 18 19 2 21 2. 2 2-4

m(K2K) (GeV/c )
a Kso mass cut

@ Overlapping reflection in signal region like in K*K
-> low S/(S+B) ratio
@ D@ Note 5254-CONF (2006)
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w By — eveDg(om)

DYZ Runll Preliminary

B —>Dsev, X
= 1012163

500 f Ldt=1fb"

400

,_Ié_l_,lllllll

300

@
........
bl ™

events/0.015 GeV

200

100

~

IIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIII
07775 1.8 185 1.9 195 2 205 2.1 2.15
(GeV)

(KK)
e Hard to trigger: no inclusive single electron frigger with low p_

-> Trigger on u on other side

-> BUT: every selected event tagged -> e = 1
@ ¢D? higher than in By — pv, Ds(¢m)
® D@ Note 5174-CONF (2006)
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Selecting Hadronic B,

® Fully reconstructable events in hadronic modes
@ Same trigger signatures like in Bs — eve D (o)
-> Trigger on u on other side

2 100 h fLdt=1.0fb" |
§120§ + data
= 100_—* + +
D -
QL 80
E so; + ++* + +++
: BREARRY
40 B° ¢
20; +++++++¢++*
0—26 28 5 52 54 56 58 6
m(Kmnr) (GeV)

Already able to select B, candidates
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Selecting Hadronic B,

D
0] 3000
@ Extensive MC studies to § 2500
understand background ® 2000
o [Ldt =10 fb £ 1500
@ 1000
500
0
—— Gaa 46 48 5 52 54 56 58 6
120 - signal (MC) m(K‘JtTC’IC) (GEV)
- combinatoric + part. rec. B decays (MC)
100 - combinatoric

80

entries/0.05GeV

60

40 D@-Note 5161 (2006)

20

0746 48 5 52 54 56 58 6
m(Knzr) (GeV)
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Overview: Selected Samples

Tagged | S/N Limit
Am > 7.9 ps™
B. —wev.D.(om 1012 + 63| 0.5 s P
5 eDs(¢m) - (95% CL)
B D (K*K)|2997 + 146| 0.16 Am, > 9.3 ps”
— + , s
& HVptss (95% CL)
Am_ > 1.09 ps™
0
593 + 67 | 0.17 s
Bs — pv, Dy (K, K) (95% L)
5601 + 102| 2.2 17 < Ams < 21 ps”
Bs — HVnDs(ﬁbW) N ' (90% CL)
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w Combination all decay modes

-Alog(L)

~ )
By — pv,Ds(¢m) By — pv, D (K*K) -
0
— v Ds(KsK) By — eveDg(¢m)
D@ Run Il Preliminary

E ***** 1 fb1

r-_* ............. *"'A;; ..........................................................................................................................
* ***
................................ e e e e e e e e
*
..................................... S ——————
........................................ K
*
............................................. g
90% C.L * e *a kX
N L T SN
(two-sided) % x
*** **
............... l"""""""'""T"'"""""""'T"""""""""T""""*"".'""["""""""""'l""""'"""""]""""'
12 14 16 18 20 22 24

Am, [ps”]

: Bs — ﬂVﬂDs(wa)
~. + lucky factor

17 ps” < Am_< 21 ps™(90% C.L.)
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Unitarity Triangle

D@ (Moriond 2006)

17 ps™ < Am_< 21 ps™(95% C.L.) DO + CDF
15 .|lexcllud;d;re;h;scll_>;9; I o I&\{ R ] 10 L B O A LR I B T
L T \ %é\\ - " excluded area has CL > 0.95) % 7
L \“o«\ 8 B : eo B
i ® - - > N
| i \ .‘ 1__ _ Am, _
0.5_—
- %
I . e o e
: |VubNr.h|
0.5 —
tl | y
1 - —
B i S i
L itter ~ % (:::\%Eofiﬁn‘sos} 7
| FPCPO6 : [ eomars ; v 99
_1_5....I....i....I....l....l.... 15|||\||||||||\||||||||\|||\|||
-1 0.5 0 05 1 15 2 | 0.5 0 0.5 1 1.5 2

5 p

p
Huge impact on UT from D@ Moriond results
Now dominated by theoretical uncertainties
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Conclusion and Outlook

@ D@: first experiment gave two boundaries limit
=> no indication for new physics from Am

® Published results for By — uv, Dg(¢m)
@ Preliminary results for three more channels:

Bs — eveDg(¢m)
B; — pv,Ds(K*K)
B, — pv,D,(KJ)K)
17 ps™ < Am_< 21 ps™(90% C.L.)

B, mixing in good agreement with world average

@ Already selected hadronic B, signal

@ Extend analysis to Runllb data:
@ More data: already have 2 fb™ on tape
@ Include more channels
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DS  Mbing

Want to measure CKM matrix element |V _|

through measurement of mass difference:
Amg <« mpBpg, fB,|V;iViq|* - (hadr. terms)

Precise measurement of Am = (0.507+0.005) ps™ (PDG) at BaBar and Belle

>1.57
@ BUT: hadronic correction terms z 1 _\ — B, mixing
@ TRICK: calculate ratio to reduce £ 1 — B, mixing
L £ d
uncertainties > 0.5}
< ;
Am |Vt5|2 0
Amd |Vial? 054 | ) |
At T
. . . . _ -1. ..... Lo v b nn by Lovww b b bovn uaas
Challenge: Higher oscillation frequency -> 50 1 4 56 7 8 9 10

proper time t [ps]
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A(t) =

B>=pIB° +q[B%

— — 1
B> =pIB% - qlB% %0_8;
with |pl® + Iq|* = 1 0.6 [f
mass difference Am = m, - m 0.4 |
=> Oscillation of B-Mesons 0.2

N unoscillated (t) — N, oscillated (t)
Nunoscillated (t) + Noscillated (t)
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t=0: p(B?) =1
ol

Al

h

AYAVAVAV VAN

0

05 1 15 2 25 3

proper decay time t [ps]

ht=0: p(BO =0
|

1

0 i 1
x cos(Am -t) 0

05 1 15 2 25 3

proper decay time t [ps]
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e
De’rec’ror 2,5 MHﬂ

4,21us 1500 Hz
1 S 800 Hz
50 Hz
Time for trigger Rate
decision

Compare: at luminosity: 60*10°° cm™s™
—U-rate from b-pair-production: = 17 kHz
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w Level 1 Muon Trigger

Signal MC:
B — pv,Ds(4)

3
SRR RLL LU L

2 4 6 81012141618 20
p_ (GeV)

O

Raising muon p_ threshold will significantly cut signal
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DS %, Mixing

Events/ 0.020 GeV/c?

. 2]

S ‘o 20000
800005 B — D u" X, po 1yt > 18000
70000 - j**x e ’ G 16000
60000 \ + | Q 14000
50000} N S 12000
40000 - N [\ S, 10000
30000 T 2 so00
20000, E § o000

3 o 4000
10000} T, 2000

Ob... il
14 15 16 17 18 19 2 21 22
M, . (GeV/c")

N,
0

o .
14 15 16 1.7 18 1
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9 2 2.1 2.2
M, (GeV/c")
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DO GRS

Amplitude

Bs — pv, D;(K"K)

DO Runll Preliminary|
6

E +datai 16

a-{__Jdata+ 1.645 (stat.)
| [_Jdata+1.645

wet®
(S
-----
-t
st
wt?®

L
- -

.
l“‘
.

.

4{— ¢ 95% CL limit: 9.3ps ¢ 9.7ps’ (stetl bnly)
- --o-- sensitivity: 11.7ps'1 ----- Q- 12-29-‘-‘;1 (

I R TR R AN TN TN TR SR NN RN TR TR SR S SR SR SR S N —
-60 5 10 15 20
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g
i

Amplitude
[\*]

1.5F B0 data+1.6450
[ [ | data+ 1.645 o (stat only) v ) il
1} /c i
0.5F = a1V A
o FTITTRSS e ! Il
0 rsiﬂl.lh;. w1 adflhhe. dRBRERRLC ‘“
: | MRRORS TR -
-0.5: y/ "“ ii“ ®
| : [ ] o L
_1 : + data -|__ 1 ) ® Ldl )
i ---- 1.645¢ ¢
-1.5¢ .. -1
: A 95% CL limit 14.9 ps
2 F -©- expected limit 16.5 ps'1 -
_25:....I....I ............ | PRI AN B AN AN AU LN AN A A \.’4 j

Backup

DQ Prellmlnary
1.2 b’

75 10 125 15 17.5 20 225 25

Am_ (ps )
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Do rT——

Amplitude

Bs — eveDg(om)

6—_ f datat 1o

- Jdata + 1.645 o (stat.)
41jdata+ 1.645¢
2
0

Illllllllll/hllll

=
L}

-

f qf‘j :

y’*‘s 1

et ]

=]
i

\{*‘

;\’._b_.

| el

LD

l—.—l

|

#95% CL limit: 7.8 ps’’

-6 [ ---0-- sensitivity: 8.2 gs'? |

DJ Runll Preliminary

» 7.8 ps_ (stat. on

i .8'-3 ps-l1 (Ftellt. I0I1I| I)

0 5 10

15 20 _125
Am, ( ps’)



% CDF Hadronic Signal

CDF Run Il Preliminary

L=1fb"

600

200

Candidates per 20 MeV/c®
S
—
I

5.0 9.5

- data
— fit
B,— D, nt
 satellites
. combi bkg
W B =Dr
. A= AT

6.0

Mass(o(K K ) x*) [GeVic]
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