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Measurement of ¢, at DD experiment

G.Borissov, Lancaster University, UK
on behalf of D@ collaboration
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DS CP violation in mixing JQ

« CP violation in mixing is described by b wet A

a complex phase ¢, of B, (q=d,s) mass matrix (g W; EW (Bq
AM, =M, M ~2M? g ucei b
AT, =T T, = 2|} |cosg,

12 . 12

M2 M, = My Mg i) I, I

o =M = s AT M2y M | 2|y o
I, ) q q q q
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B & SM prediction JQ

* SM predicts very small values of ¢,
S =009

¢>" =0.0042+0.0014

— A. Lenz, U. Nierste, J. High Energy Phys. 0706, 072 (2007)
— These values are below current experimental sensitivity

« New physics contribution can significantly change these

values
¢d = dSM +¢de
b, =9, +d,

Large non-zero value of ¢, would indicate
the presence of new physics
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Do Measurement of ¢, ”)&

» The phase ¢, can be measured
In several independent ways:

— Charge asymmetry of semileptonic
B, decays;

— Dimuon charge asymmetry;
— Decay B.—J/yo ;

« D@ experiment at Fermilab
performs all these
measurements

i Tracking
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D& Semileptonic charge asymmetry JQ

e The charge asymmetry a9, of "wrong sign" semileptonic
BY, (g = d,s) decays:

2 o (B, - u'X)-I'(B, > u X)
Y (B > uX)+ (B —> uX)'

g=d,s

» This asymmetry Is related with the phase ¢, as:

ag = Al tan(g, )
T AM, t

+ ad, is measured by B factories : |8y =—0.0047+0.0046
a5, Is measured by D@ experiment
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Dimuon charge asymmetry JQ

B *B;’ s

- — e
2! Bq X »
« Charge asymmetry of same sign dimuon pairs produced in a
pp collision
N — N N,** (N,~~) — number of
Ag = t_’H b__ same-sign u*u* (1 1)
N, "+ N, events from B—uX decay

« Both B, and B contribute in A®, at Tevatron :

A; =(0.506+0.043)a; +(0.494+0.043)a;
— )

B, contribution B, contribution
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Decay B.—»J/y ¢ JQ

« CP violation in B.—J/w¢ decay is described by the phase ¢'v¢

« Within the SM ¢"v¢ is related to the angle g, of the (bs) unitarity
triangle:

* 2
V.V~ . . ViV ~ 4 fﬂ
¢’V M =28 =2arg -ty |=0088£0002| ViV, ~ A4 ———— <45

== | Vcch: - 2’2 t

« |t can be significantly modified by the new physics contribution:

¢J/l//¢ =¢J/y/¢,SM +¢NP

S

NP is the same for ¢”v¢ and ¢,

2010/09/07 Measurement of phi_s at DO - CKM2010 7



DeS Semileptonic charge asymmetry JQ

« Select decay B.—uvD, with T ool 025" —+ Data
D.—oror D.—K'Kevents; [2 [ uonsample . .
= =mnm Do — O
— 81400 DS—>§07Z' events; %15000 ,,,,,,, D:S_) q)n-
— 33600 D.—K"K events; 2

« Use flavour tagging to 10000
determine the initial state of B

IIIIIIII'IIIIIIII

— Events without flavour tagging o . §
are also used N R AT S
« Result obtained (5 fb1) is M E eedd
consistent with the SM
prediction:
a5 =—0.0017 £0.0091)0q a;(SM)=(2.1+0.6)x10™
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IDEJ Measuring the dimuon charge JQ

asymmetry
» Measure two raw asymmetries (include muons from all sources):
raw dimuon charge asymmetry raw inclusive muon charge asymmetry
A N )-N@p) n(ut)=n(u)
— + , + - - a =
N(u"u" )+ N(u ) n(e)+n(u)
= (0.564 £ 0.053)% = (0.955+ 0.003)%

 Both asymmetries contain contributions from AP, and
detector-related background asymmetries

A=K A+ A, a=kA] +ay,,

— contribution from AP to a is strongly suppressed by k=0.041 0.003

» Determine background contributions Ay, and a,, using data
with minimal input from simulation

 Exploit the correlation of background content in raw
asymmetries to reduce the uncertainty on A® 9



DEJ  Testof background descriptiorif‘“%“%

« Raw inclusive muon asymmetry a is dominated
by the background asymmetry a,,

* Ay IS measured In data

- Compare a and ay, to verify the
background description

« This comparison is done as a function of
muon p

 (a) * - Asymmetry e DO, 6.1 !
[ [J- Asymmetry a

——
||

Asymmetry

10 15 20 25
py(L) [GeV]

« Good consistency between observed » 001 =
and expected asymmetries S 0,003 _(b) po, 6.1
— y?ldof = 2.4_/5 for t_he difference between S 0 i _+_—¢— ________________ L ___________
these two distributions oo0s |t + I
-0.01 ' ‘

510 15 20 25
py() [GeV]
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w Evidence for an anomalous JQ
like-sign charge asymmetry

A} = (-0.957 £ 0.251 (stat)+ 0.146 (syst) )% | .=

S
e This result differs from 0.01
the SM prediction by ~3.2 ¢

AP produces a band in
ad  v.s. a%, plane:

A =(0.506+0.043)ag +(0.494+0.043)a - EDO A,
- -0.02
» Obtained result agrees well - Standard Model
with other measurements of 10.03 }_ﬁgit‘“’; W;’("
adSI and aSSI :.’i. Lo .S|7 . ?|u. L]
0.04-0.03-0.02-0.01 0 0.01
a

sl
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g « 1500
o . D@ Preliminary  Data
w Bs 9‘]/ ';” ¢ E - 6.1 b — Total Fit
o | Bo_)J/wq) \ — Prompt Bkg
o > — non-Prompt Bkg
6.1 fb! of data analyzed g S
. N i
« ~3400 signal B;—J/y ¢ events g T +
5 L
- Both 4/"and ¢’v are extracted |2 %o
from the time evolution of M e
angular distributions of decay AR e
51 5.2 53 54 55 56 57 58
products Mass (GeV) :
i - D@ Preliminary, 6.1 fb! - Data i [ DO Preliminary, 6.1 fb" Dt
e f B2 - Jiy ¢ — Total Fit 10 [ Bl Jiyo =
Neel:e: 1 e Total Signal « ?; ‘ i o
e E I CP-even g . 4% — Background
é 02: ----- CP-odd §10 g_ j (%} M(B:) <5.2 or >5.5 GeV
sl10°E ' — Backgr: s [
- ground %102? Z 3
§ - 5.31< M(B?) <5.43 GeV € F f »

108 z Signal region N 10;— § ¥, Background region
N T T
0.1 0 0.1 0.2 0.3 0.4 0.1 0 0.1 0.2 0.3

ct (cm) ct (cm)




B,—J/y ¢ o

« S-wave Is found to be

non-significant, not included

* Only the opposite flavour
tagging is used

« Strong phases are constrained
to the values from B%—J/yK™

« 17(B,) and AT, are consistent

with other measurements
r, =1.4740.04+0.01ps

A, =0.15+£0.06+£0.01 ps'1
4. = —0.76'°% +0.02

0.014 < AT, <0.263 ps™ (95% C.L.)
-1.65< ¢’'*? <0.24 (95% C.L.)

Preliminary
L 1 6, = —0.42+0.18
lp 04 F g?_,ﬁl/g; 5s= 3.01+0.14
B BT AM, = 17.77+0.12 ps
p';" 02 F
5 ] — 68% CL
2 — 95% CL
0 B e -
-0.2 3
-04 3
3 2 1 o0 1 2 3
¢3/**[rad]
r —0.235< AT, <—-0.040 ps™ (95% C.L.)
2 1.14< ¢’'*? < 2.93 (95% C.L.)
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D B.—J/w ¢ checks JQ

« Ensemble of toy MC samples generated
— Check of biases due to the fitting procedure
— Check of uncertainties
— Determine adjustment for correct statistical coverage of CL regions
— Impact of external systematic uncertainties

2507~ 240

Fit Mean: -0.774 | =

200 - 200
C 180
160
140
120
100
80
60
40
20

‘60.20.40.60.811.21.4 5 -4 -3-2-101 2 3 45

o(¢) ¢_(Recons - Gen)/o

Mean: -0.01
Sigma: 1.10
¥¥ndf: 1.83

Mean: 0.392 | f

150—
100—

50—

Iw‘nllll L]

S

2010/09/07 Measurement of phi_s at DO - CKM2010 14



DEY  Combination of D@ results JQ

B.— Jy o

b
A s } a, =(-1.00%£0.59)% (DO0)
as, from B.—Duv

p-value at SM point is 7.5%

| ag i - ..
,_l'.—' E D o 6Cs{/';, 'T'm 04 £ DO, Prellmlmary — 68% CL
04 ’ ; - - i —
,é 5_5.0-6.1fb1 -1 = 5.0-6.1fb 95% CL
: —68%CL || o g5 E -
202 — 95% CL 2 “E
< E_ Preliminary 0.0 =
0.0 FosvcL “E
0.2— '0-22_ B) — J /v + af) constraint
04_— 04 F
. R N I R R IRT EE b b b
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
o/"[rad] ¢;/*[rad]
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DEY  Combination of D@ results JQ

T 04 £ D@, Preliminary — 68% CL
« B~ Jyo A E28-61 — 95% CL
« AP, e 02F SM
« as, from B.—Dwuv = 0.0 @
* AFSCP from Bs_>Ds(*)+DS(*)_ 0.2 ; 0 0 (%) p(*)
_ DD ismainly CP-even | E Bs = J/¥¢+ag+ B(Bsc(;l*sﬁ;infs )
and Br(B,—D,)*D") is 04 F

proportional to A7 ,“P =
-3 L) -1 0 1 2 3

p-value of SM point is 6% ¢3/¥9rad]
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B & Not the final word yet JQ

e« Tevatron experiments Tevatron Run Il Integrated Luminosity and Projection
-1 18.0

>2 fb / year 16.0 —Deli-vered - /M/

® By the end Of 2011 run’ s - Projected Delivered
_ a e

the statistics of all S o 7

measurements will be /r/

almost doubled 5 e el

- - 6.0 //— |

 Uncertainties of N p !

all measurements are v | T | Now |

statistically dominated ——T T (T T T

Tevatron experiments have excellent prospects to make a strong
statement on the contribution of new physics in B decays
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DeS D@ plans and prospects JQ

More statistics iIs already available

— 8 fbtalready collected
— 10 fb-! expected by the end of 2011 run

Update of all measurements with increased statistics
Improvement of analysis in B.— J/y ¢ and AP,
Study of lifetime dependence of A%

Measure semileptonic charge asymmetry of B,
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DS Conclusions JQ

« D@ collaboration performs extensive study of CP violation in B,
system;

« Unique measurement of the B, semileptonic charge asymmetry
as, consistent with the SM;

 Evidence for an anomalous dimuon charge asymmetry
asymmetry AP, at 3.2¢

« New results in B.— J/y ¢ demonstrate a better consistency with
the SM

« All results are consistent with AP, measurement

« Combination of all D@ results for B, system gives
p-value = 6.0% of the SM

 Excellent prospects for the future improvement of precision
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D25 Backup slides ”JQ
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w D@ Detector HA

” -
Key elements for g T — 1 -t/
B-physics: T < —
* Muon system; i
* Muon trigger; I

e Solenoid + Toroid:;

 Polarities of magnets
are regularly reversed; |+

 Tracking with precise '

I A (NN (N AN (NN IS NN (N (NN SN AN (MU SO NN SN (NN NN NN NN N N

vertex detector; . 0 : "

 \Wide acceptance up to |#|<2;
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DE5 Original experimental technique—- /Q

o Polarities of D@ solenoid TR W
and toroid are reversed ] (o) “ ©
every ~2 weeks

» 4 equal sized samples with
different polarities (++, —, +—, —+)  Swapping Magnet Polarity

« difference in reconstruction efficiency
between positive and negative
particles minimized Muon reconstruction asymmetry

7o) =
 Reconstruction asymmetries |g& - D@, 6.1fb"
= i
reduced from ~1% to <0.1% : L90Z 1 :
— To be compared with z 0] &
raw dimuon asymmetry !
A= (0.564 0.053)% -0.002 1+
2010/09/07 Measuremd  0-004 = 5 ~ lb 15 20 25
pr(L) [GeV]




e Define sources of kaons:
K> K*'z~
$(1020) = K*K"

» Require that the kaon is
Identified as a muon

« Build the mass distribution
separately for positive and
negative kaons

« Compute asymmetry in the
number of observed events

2010/09/07

Measurement of kaon asymmetr\?%“%

Measureme

Entries/2 MeV

>
o)

M

o

Entries/

¢ — K* K™ decay

x 10 2
6000 - D@, 6.1 fb™ (a)
- */dof = 64/27
4000 o p
L T NG N )
0o~ 1 10z 104 106
M(K'K) [GeV]
15000 __DZQ), 6.1fb" (b)
/dof = 22/35
10000 - %"
50000 ¢ w
e N(K o) — N(K o)
095 1 .02  1.04 1.06

M(K'K) [GeV]



¥ Measu rement of kaon asymmetry JQ

o= Fa v fa +fa +(1-1, )0
Ay = FKAk -}L FA +F A +(2-F,)4
%

« Results from K°—K*z~ and #(1020)—K*K~ agree well
— For the difference between two channels: y?/dof =5.4 / 5

» \We combine the two channels together:

= 0.087 -
= | DA, 6.1 fb +
= i $
= 0.06 il
S [
“M 0.04 1

0.02 -

0\|\|
5 10 15 20 25
2010/09/07 P(K) [GeV] "




