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CKM _Matrix DE>

* visualization of unitary matrix through 1

of 6 unitarity friangles .
Vud‘/ub Vi, Vox
e — tdVi¢p

VeaVe VeaVy,

* check consistency of SM through over-
constraining of sides and angles of
unitarity triangle:

area:
magnitude of
CP violation

* angles: CP violating processes 1
* sides: CP conserving processes

two mass eigenstates with mass
difference
Am =m, - m_ = [Mp]

= oscillation of B-mesons

probes magnitude of new physics in loops
* deviation from theoretical predictions N through [Mi2| and constraints phase s

* indication for new physics Als = 'L - Tw = Alcpcosds
Alcp = Teven = Todd = 2|M12l
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B Meson Mixing

m2

Amg o< mpoF <m2t> nocpBpo flzggl " Vid|? O(20%) hadronic uncertainties
1%

Ams — mpo ,|Vg 2 0.04712
2o, €0 = (1.2100550) O(4%) (LQCD Okamoto, Lat2005)
Amyg mpo Vial
>1.57
0 : — B, mixing
1 "—\\\ HI N t - N t
E 05 _ — B4 mixing A(t) _ Nunosc(t) Nosc(t) - COS(Am . t)
5‘ - ; unosc( )"‘ osc( )
< 0 [
0.5 | -
| W U Bs: oscillation much faster
1 —> experimental challenge: high boost +
-150%é54éé%é§10 good time resolution

proper time t [ps]

Gernot A. Weber e University of Mainz Measurements of Bs Oscillations at the Tevatron



Measurement

exampleiBg — 7T+D5_ (p7™) - ‘ selection l
also: B) — D, X,.. T <

measure Bs decay length

_ b _
Bg — 5 > D
— %4_
b
0
- |1
b-Hadron
X ‘ tag final flavor I
- P
u,e
tag initial flavor using tag initial state using
opposite side information same side information
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Tevatron

Run Il Integrated Luminosity [__19 dort 2002 - 24 February 2008 |
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s2 D@: results in this 7
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y /
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‘_I|£ | l
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g S =NITa o, SN PTG § | falk cover l'Fb_l :
E2500 ,
— o« o = 1
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. o R ] 1
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e Integrated luminosity (recorded): 1000 == === 17~ [/ |
Delivered
. 500 - -
~ 3 fb! each experiment To tape |

e Currently the only place to study B_-mixing "T1000 2000 3000 4000 5000

Store Number
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* lower muon acceptance:

Inl <1
* superior tracking system

* better momentum/vertex resolution than D@
* two track frigger at Level-1
* particle ID at trigger level
* large trigger bandwidth at Level-1:

40kHz compared to 2kHz at D@

—> collect large samples of hadronic modes

* higher muon acceptance:
Inl < 2
* no limitation to single-p-trigger, while CDF
tends to use IP information
* LayerO since August 2006 (RunIIb)
- trigger: B.-candidates only through muons

—> all hadronic B-candidates are tagged

—> collect large samples of decays with leptons
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Decay. Channels w

hadronic _ semileptonic

e all decay particles reconstructable e high event rate
—>better time resolution
e |ow event rate e Vv, momentum not measurable
® higher combinatoric => sensitivity fo proper time limited

by momentum measurement

more sensitive at higher Am more sensitive at lower Ams
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B, — p~ DY (¢pr )X

By — - DY (¢n™)

1

] CDF Run I L=1.0fb
CDF Run I L~1fb = ;
C = —— data
6000 = data - f
S — it o 400 \ — M
=0 . B o
S 1 B, signal A BY — D! w/K
(V) - false lepton & physics S B =5 i
‘%4000 _D comb. bkg. © 300 % = Dyw/K
e L 0 + -
5 I . i B — D;p
S i
” I Q| b — DX
o @ 200 -
S 2000/ S i S
-5 B -9 . AO%A*‘ T
5 E s
o i @©
(&)
NN/

B.~>IDWnX 194 196 198 2.00 , 0 50 5_4” 5.6 ‘ 5.8
¢ © mass [GeV/c'] ¢n"-m mass [GeV/c’]

artificial neural network for candidate selection in hadronic modes
5600 fully reconstructed hadronic events
3100 partially reconstructed hadronic events

61500 partially reconstructed semileptonic events
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Signal Selection (D@

By, — u" Dy (¢pm) X
64500 semileptonic events
D@ Run |l Preliminary (Runlia)

«, 7000 B, — "D (¢m)X
9 - -1 S ™ S Qbﬂ')
= = IMI =13fb
8 60005 B, — Dyuv, X, Dg — 0n L
~ 5000 " D@ Run Il Preliminary
= 3 > 45
S 4000: & - — data
g 3000? = 40 ;— + —comb. background
:>j 2000" E 35 + |Ldt=1,3fb"
1000 £ 22 3 Jrjr
07718 18 2 21 22, 20 Jr JF

M(KK)E(GeV/c) 15 =
R D@ Run Il Preliminary (Runlib) o =] +
"o 4000 3
%‘ 3500 det=1.1 fb™ 5 o T — |
o Bs > Dsuv, X, Dy > ¢m T R N IR N R R
= 3000 46 48 5 52 54 56 58 6
=) mkk)rm(GeV/c?)
o
5 .
w hadronic modes:

challenging task at D@...

V7718 18 2 21 2.2,
M(KK)E(GeV/c )
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D@ Run Il Preliminary

e can only be triggered by single muon

1_ o % 45 1 = Data
riggers S 40 JLdt=1.3fb"  |=cm e
. . c‘ E=B - D nan
e very low statistics = 35 — B, DK
(/)] =B, Dal
. . 2 30 EEB.-De
e challenging mass resolution = 1 =0
© 25 = sl e
. B B.> D al
. » — te
no signal peak = shoulder 20 meoo
e take also partially reconstructed 15
decays into account 10 +
e extensive MC studies to understand e D e

0 1 1 1 1 1 1 | | 11 |
background 46 48 5 52 54 56 58 6
mkk)rm(GeV/c?2)

likelihood selection in hadronic and semileptonic mode

250 reconstructed and tagged hadronic events
(trigger on opp. side M)
—> CDF: (5600+3100)*5.5% =~ 480 events
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—.Decay-Channels......

CDF (data sample size: fLdt = 1fb!):

channel candidates

Bs — 1" DI X 61500

By — 1~ DY (¢n™) 2000

B, — 7 DI (K*(892)°K™) 1400
B, —»n D (nTn ") 700

B, — n nn DS (¢nT) 700

B, — 7 nn DI (K*(892)°K™) 600
B, —wn nn DI (nTn ") 200
partially reconstructed 3100

D@ (bigger dataset also includes resolution improvement through LayerO):

channel candidates improvements
By, — u Dy ()X 447774415  |data: 1.3 fb'l = 2.4 fb!
B, — et D (¢ )X 1663102  |data: 1.3 fb! = 2.4 fb!

new channel

Bs — utD; (K*K™)X| 18098903

data: 1.3 fbl = 2.4 fb!
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missing momentum, due to neutrino
or un-reconstructed particle(s):

M g0
ctBo:LgDs- S K
: Y pr(pD,)
D
with: Kk = pr (K - )
pr(BY)

K determined through MC studies
(D@ and CDF)
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CDF Run |l

: all B_g - DU v
10 =eee 2.0<mp,<3.1 GeV/c?
2 4.3 <m; < 4.5 GeV/c’
n i 2
S [ e 49 < Mp, < 5.1 GeV/c
o B =0 "
> | =By —> Do m
S 5 —B;>Dp
0
O -
Q — X
_ ;iifi\k""“';{
*‘1"'7 T‘ L | ? L L l;' I L |
0.4 0.6 0.8 1.0
= pReccnstructad/sz
T T
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determine initial state: B or B?

Same-side tagging (SST)
e charge correlation
oK in phase space close to Bs

Opposite-side tagging (OST)
el epton charge
eJet charge
eEvent charge
e pr-weighted tracks
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Tagging Performance

quantified by:
EDQ,‘

Ncor o w’rong L 1 _I_ P p: PI’ObiilH‘y
NCOT + Nwmng of correct tag

OST power:

CDF: ¢D* = (1.8 £ 0.1)%
D@: €D? = (2.48 £ 0.021(stat) T9:98)%

determined with B4 data

SST power:

CDF: €D” = (3.7 = 0.9)% hadronic modes ANN: trained with MC, tested
eD? = (4.8 £ 1.2)% semileptonic modes with Bg-samples
D@: eD? = (2.2 £ 0.1)% semileptonic modes
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CDF Run Il ] L=1.0fb™"

w
o

D2 Runll Preliminary:f Ldt=2.41b"

9 [ | T
© 25F — combined S ol | —
e = < 10¢ .« stat error only
o 20 — semileptonic -
2 .E . | [ total error
s O — hadronic G U WO NS RN SRS SO SN SO S
£ 10 S BV B B SN
Of— . 0__ ............................................... ................................................................... ....... AT,
s S Y
10f A N N T
A5 So -
= _ AlnL(min) =-4.08 : : : : ;
20E e
0 > 020280 S5 0 i a5 0.9 (stat)  0.00(syst > 007(tat ps”

Am S- L 1 1 1
S [p 1] 12 14 16 18 20 22 24 26 28 30

CDF: Amg (ps™)

Amg = (17.77 £ 0.104q¢ + 0.075,5)ps~" D@

_ —1
eblind le'lCllYSiS Ams = (1853 + 0-938tat + O.BOSyS)pS

*benefits from displaced vertex track trigger
—> large fully reconstructed sample

hadronic modes: no uncertainties due to neutrino

—> very important for precise measurement of Ams
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Conclusion DeS

e CDF and D@: first experiments to measure Am;

e DQ: improvements in semileptonic channel + access to
hadronic modes: 30 result

CDF: Amg = (17.77 £ 0.10444¢ &= 0.074,5)ps ™
D@: Am, = (18.53 4 0.93,44¢ + 0.304,)ps ™

e information on ““fd"
ts
e now dominated by theoretical uncertainties
Vi
CDF: th = 0.2060 % 0.0007(exp)T9:998L (theor)
ts
AWVl +0.0079
DQ: v = 0.2018 = 0.005(exp) "5 o059 (theor)
ts

e ‘“personal” world averages (calculated by myself):

Am, = (17.78 £ 0.12)ps ™’

= 0.2059 & 0.0007(exp) 998! (theor)
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Neural Network (CDF)

CDF Run |l L=1.0fb"
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Amplitude.Scans DO

: n
o N >

CDF Run Il

- datat 1o

N

4 95% CL limit
O sensitivity

—
(&)

Amplitude

Amplitude

data+ 1.645¢

—_—

D2 Runll Preliminary: [ L dt = 2.4 fb”
J

—4— data = 10 (tot)
[ ] data = 1.645 ¢ (stat)

[ ] data = 1.645 o (tot)

—r

data + 1.645 o (stat. only)

.lllh

©

(6
o
)

o

o
o

—
1 .
N oo A
O—r||||||||||||||||

=== sensitivity: 27.3 ps™ (tot)

o

Gernot A. Weber e University of Mainz

5 10 15 20

Measurements of Bs Oscillations at the Tevatron



Amplitude

—_—
EEUEE & ) N\ |

Amplitude

o o
o0 O O

N
1 .
N oo A

Amplitude Scans (CDF

CDF Run Il 5 CDF Run Il L=1.0fb"
[ uh] [
- golden mode E 1 5 other hadronic decays
= a F
[ — '
- 05 } ol m I“
— - A ! I
4 ), el m’ullli':..“,_v.:;_ it I 'Ir .lll I '! II { .J
: Y g T | ]
- 0.5 i iy
f— -1 f_ f
- 15F '
- AAmE17.79)F1.27+034 Tl _25.A@wﬂ?-?ﬁﬁﬁ??#@-?‘%’. A N R B
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Am, [ps] Am; [ps’]
CDF Run |I L=1.0fb" 4 CDF Run I L=1.0fb"
- . D - . . 1\
- partially reconstruct “ 0 d«Tcays Ju E s semileptonic modes ¥
[ E_ [
- 1|1 ‘ E oF
- | l (l il < -
- | I | I 1E 1111111 L 11
[ " b it E il r"'r.
!I Lol u_llll r!:IllllllIi'r. ml!uh. _!! iy | II l f" 'I 0w A il I'.M.h"hl.l 1 I | ’TI | I 1
:li i |Ii i |I .: - l Illl' “ | Tigl - ﬂm; l' F I &l u
:_ - Fr ,.‘L l I _‘| :_ I I~I'« I l.
3 | i o[ A(AM=17.75)=0.86 + 0.49 g I.l 1 I
- i - l ¢
— -3
E IAII(IAIm&=I1?.I75I)?1I -CI]2I -I_I- |0.I56I 1 1 | 1 1 1 | 1 1 | _4 E 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 | 1 1 1 1 |
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Am, [ps] Amg [ps’]



Scans.(D@)

[7/]

Amplitude - D@ Runll Preliminary

5

Amplitude

data + 1.645 ¢ (stat.)
data+1.645c

N W B

Runlla+Runllb (B,—Dyv,X)

TTT Ilﬂltllllllllll

. Sensitivity: 24.4ps_| (stat. onl
] sensitivit¥: 23.835 ! stat.+syg2.)

5 10

25 30
am, (ps™)

1 I 1 1 1
15 20

B.—>D,n X

e

¢ H data+1c

gadata + 1.645 o (stat.)
4

2

_1.data +1.645 0

Amplitude

A
llllllll_l.lllll

Runlla+RunIij Ldt =2.4 fb”

-2
. sensitivity: 10.1 ps'1I (stat.+syst.)
6f- .
C .o Sensitivity: 11.1 ps1 (stat. only)
'8_—....|....|....|,...|....|....
0 5 10 15 20 25 130
Amg (ps )

D@ Runll Preliminary

Edatai 10

21—

Amplitude
F -9

Tjdata + 1.645 c (stat.)
Tydata + 1.645 ¢ ’ 4

Runlla+bJ. Ldt =2.4 fb"

PPt

_2__ -y
L ». sensitivity: 14.0ps“1 (stat.+syst.H
41—
- o sensitivity: 14.6ps” (stat. only) v
'6_....|....|....|,...|....|....
0 5 10 15 20 25 30

Gernot A. Weber e University of Mainz

Measurements of Bs Oscillations at the Tevatron



Signal-Samples (D@ D&

D@ Run Il Preliminary (Runlla) D@ Run Il Preliminary (Runllb)
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~ 5000: ) -
Q - Q
S 4000F S
) . I
£ 30003 =
2 5000; 2
& 2000 >
1000F-
9718192 21l 22
M, (GeVic %)
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