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Runllb, D detector andLayer Zeroupgrade
- Solenoid Magnet

protons ZZ
ﬁ ) *

Excellent noise performance:
Preshowers SIN = 18

10% gain in IP resolution [f (pr)]

Lars Sonnenschein CERN & LPNHE, Universites Paris VI, VII CKM 2008, Rome/3




Motivation

Why measuringB¢ mixing?

B mesondive for arelativelylongtime (c g 0:5 mm)
s' 1 10%

Bs

Measuring CP asymmetriesin B° decays
will shedfurther light on jVigj, jVis |

Complementay to B factories (sensitiveto Ago)

SM predicts relatively small CPV e ects

Measurementof large CPV contributions in B ! J= ; Dy * X
can provide indirect evidencefor physicsbeyond the SM
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B mixing

Unitarity trianglein Bg system

Area/ levelof CP violation

SM CP violation phase M is predictedto be small':
M= 2= 2ag Sy ' 0:.04 0:01rad

ch

1 A Lenzand U. Nierste, JHEP 0706, 072 (2007), arXiv:hep-ph/0612167
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CPviolationin B B2 mixing

! ! !
| | o, iBs> Motz Mz 152 jBs>
Schmedingerequation: ig | = _ | Y
JBs > My -2 M iy B>
In SM: 1> from long distance contributions; M 1> dominated by top quark box diagram

Matter | Antimatter
Mass eigenstates:
jBL>= pjBl> +qBJ{>  CPeven
By >= pjBY> @B2> CPodd
CPV: jp=g 6 1, or interference
betweendirect/mixed decay/s
Chage asymmetry(B ! +X ): Interference: Bg /
4 0 G L/
A= N Nt _ 1§ " n2 gy decd J=
— N + N+ - 1+%4 BO\‘
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Asymmetnand s measurements

Dimuonchage asymmetryAgo inpp! X decy

Chageasymmetrnyas inB2! Ds X decy (time dependent& tagged)

Chage asymmetryAg™, —=tan s insemileptonid@J! Ds X decys

CP violatingphase s inBJ! J decy (time dependent& tagged)
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Dimuonchageasymmetryn pp! X
D Collab., Phys. Rev.D 74, 092001 (2006) L =10fb 1

Measurementof dimuon charge asymmetry: Eventselection:

_ N*™ N _ N* 4N Bly! T+X andBy,, ! + X

A= S=x and R = =5 () (s)
pr( ) > 4.2 GeV_ jp;j > 6:4 GeV
B s B(s direct-direct decays (b! X ): ) p & 02 GeV)
0

R ( 0) — _ Apo0 _
1+J'§oj2_I 4M1i2 = = =1 A |P( )< 0:3cm

Coarected for asymmetricK decays pr( )< 15GeV

f includessequentialdecay b! ¢! X (wrong sign 's; W; Z background)

good track t 2

Generalmethod

: 10 < (; )< 170
usedin many of our analyses
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Singlemuon pr,

Muon charge times toroid polarity: q

. 103
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Dimuonchageasymmetryn pp !

and distributions for opposite toroid and solenoidpolarities:
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Dimuonchageasymmetryn pp! X

Magnet polarity ips everytwo weeks) Reductionof detectar asymmetrye ects

Number of muonsn, with chargeq= 1, toroid polarity = 1 andrapidity ? O
( = 1), giving riseto eight equations,corresponding to eight subsamples

Ng = zN 1+ 0A)1+qgAr)l+ Ager)l+q An)l+ A )1+4gAq)

-2
> t to number of eventsin eachsubsampleyields asymmetries

/,1' <« CP - + /,1' F_CP+f /u+ N = number of selectedevents
®B

v/

©B magnet = fraction of luminosity with toroid

— - — A = raw charge asymmetryto be measured

P P P A:p = forward backward asymmetry (more
©B ©B muons go into proton direction)
forward forward —
Ibackwar q Ibackwar q Agdet = North south asymmetryof detector
/“+*<— CP_»f /M_ N P /“- Aro = Rangeout asymmetry(chargedtrack
s w magnet polarity acceptance)
\ “B magnet ®B A = After magnetpolarity ip remaining

] M polarity | M detector forward backwerd asymmetry

=

p Aq = Detector asymmetry between north
®©B ©B and south bending tracks

|
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Dimuonchageasymmetryn pp !

Toroid solenoidpolarity 1

At b 0:0006 0:0006 0:0001 0:0007
A det 0:0187 0:0006 0:0165 0:0007
Aro 0:0268 0:0006 0:0283 0:0007
Aq 0:0059 0:0006 0:0069 0:0007
A 0:0002 0:0006 0:0015 0:0007

R 0:4603 0:0013 0:4610 0:0013

A 0:0005 0:0018 0:0016 0:0019

Combining sameand opposite magnet polarities yields:

A= 0:0005 0:0013 (stat)

ReactionK + N ! hyperon+ hasnoK ™ + N analog
(N(K*)> N(K ))) corection)

A= 0:0028 0:0013(stat) 0:0009 (syst)
ey = 220 f A= 00023 0:0011(stat) 0:0008 (syst)
B
wheref = 0:814 0:105 (syst)
Ago + 0:72Ago = 0:0092 0:0044(stat) 0:0032 (syst)

Ag,(PDG) = 0:0004 0:0056
Measurementcomplementay to B factories (sensitiveto Ago, not Agpo)
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CPviolationinB?! D, * X;D, !
D Collab.,Runll Preliminary (2008), D note 5730-CONF | = 2:8 fp 1

Newseach for CPviolationinBY! D s X Selectionof nal state:

with Dg ! : Il K'K B! D¢ XwithDs! ; | K*K
by charge asymmetry measurementusing

time dependentanalysiswith avour tagging pr( ) > 2 GeVv

() hits in CFT and SMT)

p( ) > 3 GeV
P BiBeRy (S pr (K candidatetrack) > 0:7 GeV
CBQ = x" K pr( candidatetrack) > 0:5GeV,Q = Q

with V@ible proper dfcay length (VPDL): Reconstructionof andDs

BY D : : L .
M = %dT pT2 g CMBQ Sidebandsubtraction + likelihood ratio

jpTD ° ] to maximisesigni cance of B signal

0 OS + SS avour at production taggin
d>s = transversedeca length P gging

D s Flavour at decay from muon charge

and K -factor: K = P~ determinedfrom MC

g0
py S
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CPviolationinB?! D, * X;D, !

Data sample massand decd length ts

| nF p candidates |

Dé Run Il Preliminary Dé Runll Preliminary L=2.8fb*
~ 14000 " 4 [ - - - - - ]
% B DS . _ f 1 10
glzooo:_ O_ dt=2.8fb
S F N, = 53592+ 718 = 10° F
#*#10000— s o
N -
L o
8000 — © 102 F ]
- @ ]
6000 |~ S - ]
- o 10 F ;
4000 < i Signal region ;
2000 1} 1:91< M (Ds) < 2:02 .
0:I 1 | | I | I | | I | I | I 111 1 I | | I | I - I 111 1 I | I - I | I - |I I S T T S S ]
1.75 1.8 185 19 195 2 205 21 215 22 0.2 0.1 0 0.1 0.2 0.3 0.4 05
M(KK p), GeV/c? VPDL, cm
Muons with charge g= 1, pseudaapidity of Ds system ? O0( = 1) andtoroid polarity = 1,

give rise to eight equations,corresponding to eight subsamples:
P* (X K;dor;as) = pveoL (X Kidorsas)  (1+0 Arp)(1+ Aget)(1+9 Ar)(l+ A )(1+g Aq)

Unbinnedlikelihood t yieldsasymmetries(for eachag 2 fag ;agl;aglkg'g respectively)
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CPviolationinBY! D, * X;Dg !

Bs oscillation frequency xed at ms = 17:77 ps * Systematicerras:
Fit resultsfrom Run lla and Run llb combined cc contribution
R ;
Parameter | Runll, Ldt= 2:8fb ! e clency vs. VPDL
a5 0:0024 0:0117 Bs! D{)  pranchingfractions
al 0:0787 0:0371
Abkg 0:0182 0:0271 _ o
At b 0:0000 0:0021 Final result: (D Run Il Preliminary)
A det 0:0001 0:0021 s _ _ e
A 0:0005 0:0021
Aq 0:0029 0:0021
Former D resultAgt’”t'; A isrelatedto AZ'™ viaA = fo AZ'M 4+ £y, ATUM

time integrated wherefs(q) is fraction of BJ(BJ) ! D s X decasin D s sample.

untagged A(D ) = 0:0102 0:0081 (stat)
s;unt. _ . . . 2
D Collab., Phys. Rev. Ag T = [1:23 0:97 (stat) 0:17 (syst)] 10
Lett. 98, 151801(2007) —=tan s = [2:45 1:.93(stat) 0:35(syst))] 10 2 ( ms= s 1)
7 Togetherwith s and ms measurements
L = 1:3fb Constraints on CP-violating phase s
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Bl X ( * ) ( KK )

Pseudoscala! Vector + Vector, i.e.spin0! 1+ 1
L = 0; 2 (Amplitudes Ag; Aj): CP even, L = 1 (Amplitude A, ). CP odd
CP evenand CP odd components havedi erent angula distributions

Fit to time dependendangula distributions of B |
allows sepaation betweenCP evenand CP odd components

Initial state avour tag improves sensitivi-
ty and removessign ambiguity on s for a
given s (obtained in a previousanalysis)

Deca angles ,
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Mixingpaametersn B? !

=

Selectionof nal state:

B2! X withx ! * I K*K
pr( ) > 1:5 GeV (central track match)
pr(BJ) > 6 GeV

pr( ) > 1.5 GeV (highest pr)

pr(K) > 0:7 GeV SS+ OS tagging

Flavour tagging by likelihood ratio method

D Collab., FERMIILAB-PUB-08/033-E, arXiv:0802.2255,(submitted to PRL) L = 2:8fb ?
500 10
3 [ Dé,28fb" * Data = F Dé 28fp  * Data
= [ 0 it — Total Fit - e .
S 400k B:® Jly f pg& Promot Bk o | 0 — Total Fit
0 ‘{ ) pt BKg Q10°E Bs® Jyf . Total Signal
5] -._,,-!= Ly ] i 3 f Mass 5.26 - 5.46 GeV ... cp_aven
n B 2187 ol 8 | X
g 300 T ! M WATRETI - AT CP-odd
S - 1011y I'I”";- oA _Cg F
S [ 177 M S F
8 200:— § 105—
100F e
C 2 ‘ CP-even
B 11 l L1 11 l 1 11 l 1 11 l 1 11 l L1 11 l 1 11 l 1 11 _1_ 1 I 1 1 1 1
B~ 51 52 53 54 55 56 57 58 1047 04 05
Mass (GeV) ct (cm)

Maximum likelihood t to mass,lifetime, 3 decay angles
M constrainedto measuredvalue (CDF)
Strong phasesconstrainedto valuesmeasuredfor B 4
(B-factories) allowing somedegreeof violation of
SU(3) symmetry

A. S. Dighe, I. Dunietz, R. Fleischer, Eur. Phys. J. C6 , 647-662 (1999),
CERN-TH-98-85, FERMILAB-PUB-98-093-T, IC-98-25, hep-ph/9804253

I. Dunietz, R. Fleischer, U. Nierste, Phys. Rev. D63

, 114015 (2001),

FERMILAB-PUB-00-245-T, DESY-00-171, CERN-TH-2000-333, hep-ph/0012219
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Mixingpaametersn B ! J

Events per 0.10
N
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Cos(y)

(strong phasesconstrained)

S04 ) D/, 2.8 fb™
£ .0 0
(500-3: BB ® Jy f
202 DM, © 17.77 ps
0.1
-0
0.1 — SM
- - DG DGSM |COS(f )|
C oo Lo | R R R R R R
0235 105 0 05 1 15

f_(radian)
—~(BY) = 1:52 0:05 (stat) 0:01 (syst) ps
s = 0:19 0:07 (stat) *%97 (syst) ps *
CP violating phase:
s = 0:579 5% (stat) *%:57 (syst) rad

Probability of SM 6.6% ) 1:8
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Constrainfrom chageasymmetnAz,

N(Bs! ""X) N(Bs! X
N(Bs! “*X)* N(Bs! = X

Fix Ms to measuredvalueand constrain  stan s
World averageAs, = 0:0016 0:0085
Doesnot containnewD measurementD note 5730-CONF)

From measurementf Ag, =

HFAG
DY 2.8 " 059 28 fo® + constraints on strong phases
— 06 s . . : T - 0. - - - -
| | 9!
a 0.4 B 04 ]
» 99.7% CL — 7 99.7% CL —
~ o2} ] 4 0.2} i
< /\ .
0.0 f A SR NS S 0.0f 7 | 1
0.2 | ] -0.2-\/ i
f p-value = 0.085
0.4 1.72s from SM ] -0.4f 1:65 from SM
065 B 0 1 5 3 067 5 ) 5 ; 5 3
¢/ [rad] ¢/ [rad]

Lars Sonnenschein CERN & LPNHE, Universites Paris VI, VII CKM 2008, Rome/18



AT, [ps_l]

AT [ps_l]

-0.2 1

04 f

-0.6

-0.2

-0.4

DO 2.8fb°*
0.6 —

D + CDFcombined

HFAG

04 r

0.2 -

0.0

99.7% CL —

p-value = 0.085
1.72s from SM

5 : 5 A
¢7/"? [rad]

CDF 1.35fb°"
0.67 §
04 /

0.2

L T

E\\\‘\\

0.0

v

'
w
N

¢7/%% [rad]

s VS.

Combination of results

s results

without constraints on strong phases

. CDF 1.35b°'+ DO 2.8°"

HFAG

— 0.6 e I—
lCD I
2 04
2 99.7% CL —
~= o2l i
q [
oob—— )\ D+ cDF. (
0.2}
[ p-value = 0.031
[ 2.2s from SM
04f
-0.6: ..............................
-3 -2 1 0 1 2 3
J J -
¢8/¢¢ — —23: /Yo rad|
s = 2:377%3% rad, 0:75%3; rad
s = 0:150%:8 ps !, 0:150%%:22 ps !

90% C.L. intervals (1-d regions):
s 2 [ 2:85 1.65], [ 1.47, 0:29]
s 2 [ 0:265 0:036], [0:036;0:265]
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AT, [ps_l]

< VS. < resultwith constraintdromAg

N(Bs! ""X) N(Bs! °
N(Bs! “*X)* N(Bs! °

S —_ X) — s
From measurementof Ag, = )= W tan

Fix Ms to measuredvalueand constrain  stan s
World averageAs, = 0:0016 0:0085
Doesnot containnewD measurement(D note 5730-CONF)

HFAG
CDF 1.35f°*+ D@ 2.8 P! HFAG
0.67 — i @ : : : 06 CDF 1.35° '+ D@ 2.8 fb° '+ constraints
L Tt I I I I ' 1
_ | (b)
04r é 0.4}
_ . o
0.2f i 99.7% CL ] Z"J 99.7% CL ——
[ D + CDF (
0.0 [ s P kT DT A TN (e A NN~ (r
0.2 D + CDF
[ p-value = 0.031 i
: 2.2s from SM | constrained
041 0.4}
B S 5 i 5 3 06— 5 i 5 3
61149 = —21/%% frac) 62/ = 281/ fra)
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Summary

TevatronandD are perfaming well (CDF too0)

Dimuonchage asymmetryAgo = 0:0092 (0:0044)(stat) 0:0032(syst)

Chageasymmetnyin B! Ds X decy:ad = 0:0024 0:0117(stat) *}:505 (Syst)

Chage asymmetryin semileptonid? decys
AY™ = [1:23 0:97 (stat) 0:17 (syst)] 10 2
stan ¢= [245 1:93(stat) 0:35(syst] 102 (assuming ms= s 1)

Ms

CPviolatingphasein B?! ¥ : = 05793 (stat) "4, (syst)rad
NewD + CDF combinedresultswithout strongphaseconstraints:
2:2 deviationfromSM: = 2:37°%35rad,or = 0:75%3; rad
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