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m Matter Dominance and CP Violation

The universe that we observe 1s matter dominated, but we expect that the Big Bang
produced matter/antimatter equally.

— At some point a small asymmetry developed. CP Violation (CPV) is required
in order to generate such an asymmetry (Sakharov).

CP violation is naturally included in | o E; / .. e i
the standard model through the s B 1 Wginan L
quark mixing (CKM) matrix; - “E:

Many different measurements of CP | e
violation phenomena are in o1 E
excellent agreement with the SM: sz ooz oa e s

A
/‘,"/
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-
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However, the level of CPV predicted by the SM is far too small to explain the
observed matter dominance.

[ It is important to look for new sources of CPV J
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w Dimuon Charge Asymmetry

We measure CP violation in neutral B meson mixing , N ; o N .
using the same-sign dimuon charge asymmetry of A, 5 — -
semileptonic B decays: N p ¥ N b

5
I
Y

2
“a,
Y

Second muon comes from direct
semileptonic decay after neutral B
meson mixing: B’ — B’ —» u X

One muon comes from direct
semileptonic decay b — u X
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w Inclusive Muon Charge Asymmetry

Because any dimuon asymmetry arises from the meson mixing, A% is equal to the
charge asymmetry a” , of "wrong sign" (i.e. oscillated) semileptonic B decays:

No 'opposite side' muon

5
I
Y

B’
requirement: more events,
more background processes.

B
mixing e

F(E—)ﬂ*){')—F(B—)'u‘X)

= A

ab

s I'(B— uX)+I(B— uX) o

We therefore have two ways of measuring 4°

> Via dimuon charge asymmetry;

> Via inclusive muon charge asymmetry.
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w A’ at the Tevatron

The inclusive muon charge asymmetry can also be defined separately for specific
flavors, B’  and B’ and related to the meson mixing parameters AM, AT, ¢:

I'(B’ +X) — I'(B° X AT
aq - (_011_)”_'_ ) ( 0q_>ﬂ_ ) — _q_tan((oq)
s I'(B° — p’X) +I'(B° — p'X) AM,

Both B, and B’  are produced at the Tevatron, so both contribute to 4° , yielding
the SM prediction:

. 0.005
[ A® = (0.506 = 0.043)a” + (0.494 £ 0.043)a* = (— 0.023 70005 ) o, ]

SM prediction 1s negligible compared to current experimental precision — any
significant deviation from zero is an unambiguous signal of new physics.
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DO records pp collisions at 1.96 TeV:
matter-antimatter symmetric (by design)

{nner tracking (silicon sensors + \

scintillation fibers) within 2T solenoid
magnet;

Muon tracking detector: multiple planes of
drift chambers on either side of 1.8T toroid
magnet;

Muon scintillators provide time resolution
Qf 2-3 ns;

/Detector 1s made of matter — therefore has\
inherent matter-antimatter asymmetry!

Asymmetries due to magnet polarities are
mitigated by regularly reversing

Kcurrents. .. /
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B ox Reversal of Magnet Polarities

‘ p ’ I
For a given magnet polarity, there is 7 ® T ®
a charge asymmetry, e.g. from muons
bending out of the muon detector
acceptance;

Swapping Magnet Polarity

iff—-

The trajectory of a negative particle in a given polarity is exactly the same as the
trajectory of the positive particle with the magnet polarity reversed;

By separately analyzing four samples corresponding to the different solenoid/toroid
polarities (++, —, +—, —+) the overall difference in the reconstruction efficiency
between positive and negative particles 1s minimized.

Changing polarities 1s an important feature of the
D@ detector, which significantly reduces
systematics in charge asymmetry measurements.
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w Raw Asymmetries

Experimentally, we measure two quantities (by event counting):

Inclusive muon charge asymmetry Like-sign dimuon charge asymmetry
_ nT—n _ NT—=N—
a= - A= -
n" +n N7+ N
I Event Selection: I
> Track-matched muon (|n|<2.2); > Both muons must pass inclusive
1.5 <pT <25 GeV: muon selection;
- p, > 4.2 GeV or [p | > 6.4 GeV; > Same charge, same PV;
: : M > 2.8 GeV to suppress events
> Distance to primary vertex < 3mm (kp) bp
: . where muons are from same B decay.
(Smm) in transverse (beam) direction.

{ a = (+0.955 + 0.003) % ] Results: [ A = (+0.564 £ 0.053) % J
)

(from 1.495 x 10° muons) (from 3.731 x 10° dimuon events
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Extracting 4°

Both 4 and a linearly depend on the charge asymmetry 4°

4 , )
a=kA g T Ay,

7 Ab (recall that A% ;= a’ )

\A KA4° + A s

A, and a,, are detector-related background contributions to the measured
asymmetry;

Coefficients K and & are small ( < 1) due to the effect of charge symmetric
background processes diluting the semileptonic asymmetry.

Our task /1) Determine the background contributions 4,,, and abkg;\
is to: 2) Find the coefficients K and k;
\3) Extract the asymmetry 4°.

J

Final result was blinded until all analysis methods were fixed

10 BEACH Conference
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These terms account for effects from : \

>

>

>

>

a=kA” t+a,
A=KA4",

Decays K*—u*v, w—ubv;
Hadronic punch-through to the muon detector;
Muon reconstruction asymmetries;

Asymmetries in tracks wrongly associated
with muons. /

¢.g. for inclusive muon case:

11

= fa, +fa +fa + (1 — f;)kg)é

/ kaon plon Proton
fraction (+ 'fakes’)

BEACH Conference asymmetry
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Detector Asymmetries A sk Loke

:I:

ct(K,m) = 3.7m, 7.8m

Measured directly in
data, with a reduced
input from simulation

*

Muon reconstruction
asymmetry

T



e Example: Asymmetry from Kaons

[ abkg

To determine a,, and A pie> WE need to know

the 7 parameters @, , I » 0, and the

corresponding dimuon parameters.

These are measured in bins of muon p_.

/
Example: Kaon asymmetry measured using

decays ¢ — K* K~ and K™’ — K*z by fitting
mass peaks to find asymmetry.

It is positive, because 'antimatter' kaons
(K) are more likely to interact with matter
in the detector, so have less chance of
decaying to muons before interaction.

BEACH Conference

12 23" June 2010

f(;;)+ fa_ + ];ap +(1—fbkg)§ ]

Entries/2 MeV

x 102 ¢ — K* K~ decay
6000 —D@ 6.1 ! (a)
v 2/dof = 64/27
000 e
2000
e N(K*—p*) + N(K"—p)
8os— 1 102 104 106
M(K'K) [GeV]
15000 F
DQ 61,1 f2b2 ~6% excess 0(1‘))
10000 | % “/do /35 positive kaons
S00F ¥ *w
SO TNEK ) - NK—p)
8os— 1 102 104 106

M(K'K') [GeV]




Summary of Background Contributions
4

N
a,. = fa, +fa +fa +(1-f )0

| Au=FAt FA+FA+2-F )1

We obtain:

Jxax (7o) Ja. (%) 14, (%) (1-£,)0 (%) Ay
or Fydy (%) | or F A (%) | or F A, (%) | or(2-Fy)A (%) or Ay,

Inclusive | 0.854 £ 0.018 | 0.095 + 0.027 | 0.012 £0.022 | —0.044 £ 0.016 | 0.917 £+ 0.045

Dimuon | 0.828 + 0.035 | 0.095 £ 0.025 | 0.000 £ 0.021 [ —0.108 £ 0.037 | 0.815 = 0.070

» All uncertainties are statistical only;
 Dominant effect comes from kaons, as expected;

» Notice that background contribution is similar for inclusive muon and dimuon
sample: A, = a,,,

BEACH Conference

13 23" June 2010




w Dilution by Non-Contributing Processes

a-a,, k ”S 1 Factors k and K account for muons from
sources which are fully symmetric, and only
A—-A - Kj4* contribute to the denominator in A ,.

Decays contributing to the muon sample include:

> b—pX (including possible oscillations)
> b—c— p'X (including possible oscillations)
> b — ceq

- ¢¢ and bbee production
-~ M, 0, p°, 0(1020), JAy, ' decaying to p'p”

These decays are currently measured with a good precision (see PDG), and this
input from simulation produces a small systematic uncertainty.

k=0.041 £ 0.003 k 1s found to be much smaller than K, because
_ many more non-oscillating - and c-quark
K=10.342 £ 0.023 decays contribute to the inclusive asymmetry.
BEACH Conference
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The contribution of 4% in the inclusive
muon asymmetry a is suppressed by:

k = 0.041 £ 0.003;

therefore a 1s mainly determined by the
background asymmetry a = a,,,,

We measure a,,, in data, and we can

verify how well it describes the
observed asymmetry a, as a function of
muon p

We get y?/d.o.f. = 2.4/5 for the
difference between these two
distributions;

Closure Test

0.015
0.01

Asymmetry

0.005 |

2 (0.004

a-abk

-0.002 |

-0.004

0.02 f_(a) e - Asymmetry Ao

D@, 6.1 b

0.002 |

- Asymmetry a l
P S R R I [ R T S R
5 10 15 20 25
i py(L) [GeV]
(b) DG, 6.1 fb™
|
T ..
i —
:j_ PR B AR T TR S N NN N NN N S R S
5 10 15 20 25

p(W) [GeV]

Excellent agreement between the expected and observed

values of a , including p, dependence
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Results: Part 1

A is extracted separately from both inclusive muon (a) and dimuon (4) methods:

From a: A* =[+0.94 +1.12 (stat) +2.14 (syst.) ] %
From A: AP =[—0.736 £ 0.266 (stat.) + 0.305 (syst.) | %

Here's the clever part...

The background fractions a,, and 4, are strongly correlated (same sources
g g

contribute to both), so we can construct a linear combination such that the total
uncertainties are minimised:

A'=A—-qga = (K - a'k)Absl + (Abkg B a.abkg

We can expect optimal uncertainties for a = 1, since background asymmetries are
similar. We retain sensitivity to A" , because the dilution coefficient K >> k.

BEACH Conference
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Results: Part 11

&
e~
S
=

' — Total uncertainty D@, 6.1 b
| ---- Statistical uncertainty
------- Systematic uncertainty

Scan over total uncertainty on final
measurement, yields o = 0.959.

A uncertainty
=
=
S
=
|

Reduces overall systematic

ve, -
. -
.. - -
—_— e . .
| S .

b

uncertainty — precision 1S Now 0.002F e
statistically limited. ;

Yo 05 1 15
From A'=A —a a we obtain: o

[Absl = [ = 0.957 = 0.251 (stat.) = 0.146 (syst.) | % ]

This result differs from the SM prediction, [ 0.023 = 0.006 | %, by ~3.2 ©.

Measured asymmetry favours the production of matter over antimatter in
semileptonic decays of oscillated neutral B mesons.

BEACH Conference
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Minimising Uncertainties...

A?, Inclusive  A°, Dimuon A?, Combined

Dominant uncertainties

Source o JU (DY) ol th 1)(60) o _E{ffl )(62)
A or a (stat) 0.00066 0.00159 0.00179
fi or Fi (stat) 0.00222 0.00123 0.00140
P(r — p)/P(K — ) 0.00234  0.00038 0.00010
P(p— p)/P(K — u)  0.00301 0.00044  0.00011
Ax 0.00410 0.00076 0.00061
A 0.00699 0.00086 0.00035
A, 0.00478 0.00054 0.00001
0 or A 0.00405 0.00105 0.00077
fi or Fi (syst) 0.02137 0.00300 0.00128
m, K, p multiplicity 0.00098 0.00025 0.00018
cp or Ch 0.00080 0.00046 0.00068
Total statistical 0.01118 0.00266 0.00251
Total systematic 0.02140 0.00305 0.00146
Total 0.02415 0.00405 0.00290

BEACH Conference
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w Comparison with other Measurements

. . . «
In this analysis we measure a linear
combination of ¢, and a°: 0.01

A’ = 0.506a’ + 0.494 a’, 0

Obtained result agrees well with -0.01
other measurements of a“ and a*

- Dﬂ Ab w N
0.02F o Standard Model
%~ B Factory W.A. -

"IN DO B,—D, u X N
The value of @’ , can also be extracted, .0.,03[ . prehmmaf-;l
using additional input from a . Combination
.| | [ I I I | I 111 | | /|
-0.04-0.03-0.02 001 0 0 01
[ @, =(—1.46 = 0.75 )%] ad

SM value is ( +0.0021 £ 0.0006 )%

BEACH Conference
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w Constraining B’ Mixing Parameters

« The value of a*; can be further translated into a 2D constraint on the CP

violating phase ¢ and AT ;

* The contours are in excellent agreement with independent measurements
of .and A, in B —J/we decay (CDF and D0);

/By — I/
./ (D@,281b")

CDF Run Il Preliminary 2.8 fo™

68% CL
95% CL
99% CL

CDF

[
20 BEACH Conference * AMq
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B ox Consistency Tests

Test P
Test O
Test N
Test M
Test L.
Test K
Test J
Test I
Test H
Test G
Test F
Test E
Test D
Test C
Test B
Test A

We modify the selection criteria, or .
use a sub-set of the data, to test the
stability of the final result: —

* 16 tests in total are performed; '

e There is significant variation of the —
raw asymmetries 4 and a (up to
140%) due to changes in the
background composition;

CTE AT

—_—

4

« However, 4°, remains stable 1n all L L

tests. -0.01 0 0.01
Ad(test) - AX(Ref)

The developed method is stable and gives a consistent
result after modifying selection criteria over a wide range.

BEACH Conference
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Conclusions

* We find evidence for CP violation in B meson mixing;
> Inconsistent with the SM at a 3.2c level;

> Favours the production of matter over antimatter;
* Final measurement is robust against changes in event selection;

« Backgrounds are well-understood, and can explain the p_ dependence of raw

inclusive muon asymmetry a.

* Measurement 1s statistically limited — precision will improve as more data 1s
collected;

* Also many new ideas to further reduce uncertainties, and to investigate other
aspects of the measurement.

Further reading:  arXiv:1005.2575
submitted to PRD (PRL in preparation)
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Backup Slides:
- DO Combination of (A ,¢ ),

- Mass dependence of asymmetry,
> Theory slide;

> Additional details on measurement;

BEACH Conference
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w Combination of Results

« This measurement and the result of the DO analysis in B—J/w¢ can be
combined together;

« This combination excludes the SM value of ¢, at more than 95% C.L.

95% CL

-0.2¢ O 68% CL

-------

BEACH Conference
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* Dependence on Dimuon Mass

We compare the expected and
observed raw dimuon charge
asymmetry A for different
invariant masses M(uu),

The expected and observed
asymmetries agree well for

A =—0.00957;

Agreement 1s over the entire M(uw)
range — supports B physics as the
source of anomalous asymmetry.

y

Asymmetr

Asymmetry

=
=
[’
wn

=
=
o
n

.C
&
[y

. D@, 6.1 "

X

——t-

+ + + (a)

++ e - Observed asymmetry
2 - Expected asymmetry
for A;’l =0

10 20 30

40 50
M(up) [GeV]

' D@, 6.1

i

(b)

+.
# ¢ - Observed asymmetry

2 - Expected asymmetry
| for Aj = -0.00957

10 20 30

40 50
M) [GeV]

Dependence on the dimuon mass is well
described by the analysis method.
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Consistency Tests A-C

e Test A: Using only the part of the data sample cor-

responding to the first 2.8 th™1.

e Test B: In addition to the reference selections, re-

quiring at least three hits in muon wire chamber
layers B or C, and the y? for a fit to a track seg-
ment reconstructed in the muon detector to be less
than 8.

Test C: Since the background muons are produced
by decays of kaons and pions, their track param-
eters measured by the central tracker and by the
muon system are different. Therefore, the fraction
of background strongly depends on the y? of the
difference between these two measurements. The
requirement on this v? is changed from 40 to 4 in
this study.

26
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w Consistency Tests D-F

27

e Test D: The requirement on the transverse impact
parameter 1s changed from 0.3 to 0.05 cm, and
the requirement on the longitudinal distance be-
tween the point of closest approach to the beam
and the assoclated primary vertex is changed from
0.5 to 0.05 cm (this test serves also as a cross-check
against the possible contamination from muons
from cosmic rays in the selected sample).

e Test E: Using only low-luminosity events with fewer
than three primary vertices.

e Test F: Using only events with the same polarities
of the solenoidal and toroidal magnets.

BEACH Conference
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w Consistency Tests G-J

e Test G: Changing the requirement on the invariant
mass of the two muons from 2.8 GeV to 12 GeV.

e Test H: Using the same muon pp requirement, pp >
4.2 GeV, over the full detector acceptance.

e Test |: Requiring the muon pr to be ppr < 7.0 GeV.

e Test J: Requiring the azimuthal angle ¢ of the muon
track be in the range 0 < ¢ < 4 or 5.7 < ¢ <
2m. This selection excludes muons directed to the
region of poor muon identification efficiency in the
support structure of the detector.

BEACH Conference
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w Consistency Tests K-N

e Test K: Requiring the muon 7 be in the range || <
1.6 (this test serves also as a cross-check against
the possible contamination from muons associated
with the beam halo).

e Test L: Requiring the muon 7 be in the range || <
1.2 or 1.6 < |n| < 2.2.

e Test M: Requiring the muon 7 be in the range |n| <
0.7or 1.2 < |n| < 2.2.

o Test N: Requiring the muon n be in the range 0.7 <
nl < 2.2.

20 BEACH Conference
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D& A’ and CP violation

A non-zero value of 4°, means that the semileptonic decays of qu and ]_qu
are different;

It implies CP violation in mixing;
> This occurs only due to mixing in the B, and B, systems;
> 1.€. meson spends more time 1n ]_SOq state (bs) than BOOl (T)s);

Quantity describing CP violation in mixing is the complex phase ¢ of the
B’ (g = d,s) mass matrix:

AM,= M, - M, =2

12
M} \

= g Mo MeDoig Ty Ten AR Tas o e,
- 12\* = 121*
CoEMy) Mg 2p0) Tg ”rgH'M;zH

q r12

a‘y 1s related with the CP violating phase ¢ as:

BEACH Conference 1
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w Background Contributions

g

a =kA”sl a

bkg

A =KA" +\A4,,
\—/

Several background processes contribute to a,,, and 4,

_ _ Total 'fraction' of
abkg — f;cak t f n'an t fpap t (1 fbkg) 0 muons in each
dimuon event is 2

A, =FA+FA + FA +(2=F, )A

Jxs [, and f, are the fractions of kaons, pions and protons identified as a muon
in the inclusive muon sample;

ay, a,, and a, are the charge asymmetries of kaon, pion, and proton tracks;

0 1s the charge asymmetry of muon reconstruction;

f;)kg =fK +‘/;T +f1;

Uppercase variables are the same quantities

BEACH Conference defined in the same-sign dimuon sample
23" June 2010
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IEJ Muon Reconstruction Asymmetry

Final piece of the equation needed to determine @, and A, ;

32

abkg= f;cak + fn'art 4 fl.)ap +(1_fbk 6

A, =FA+ FA +FA +(2-F,\

bkg’
Reversal of toroid and solenoid polarities cancels 1¥-order detector effects;

Quadratic terms in detector asymmetries still can contribute into the muon
reconstruction asymmetry;

Detector asymmetries for a given magnet polarity a,, = O(1%);

Therefore, we can expect the residual reconstruction asymmetry :

0~A=0 (0.01%)

BEACH Conference
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39 Muon Reconstruction Asymmetry

x 10 2 We measure the muon reconstruction
2000 F asymmetry using J/y—puu events,
2 | DO, 6.1 fb"! (a) where a muon 1s combined with any
- 1500 | x"/dof = 62/29 O + track of opposite charge:
& 1000
£ - & = (- 0.076 = 0.028) %
s 500
= ! A=(-0.068 +0.023) %
0 . T S T (N S N S NN NN T SO S S S R S " )
2 2.5 3 M 3.5 G V4 To be compared with:
o . 1) [GeV] a = (+0.955  0.003) %
v : DZQ, 6.1 1b n(pt) — (b) o
= 1000 | x*dof = 51/36 . A = (1 0.564 = 0.053) %
S 4 n(p” t*)
< 1 t +1
g 0 <A © 0.004 [ )
*:';' + = : DA, 6.1 tb
= -1000 | t °§’ 0.002 | |
2 25 3 35 4 | |5 ot
] I
M(u'I) [GeV] ; +
-0.002 + —+
0004 L — e
5 10 15 20 25
BEACH Conference
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DE)  Kaon Detection Asymmetry

34

Ao = 19 \T fa, + f].)ap +(1 - f;)kg) 0

A, =RAfFA+ FA +(@2-F, )A

bkg

The largest background asymmetry comes from the charge asymmetry
of kaon tracks 1dentified as muons (a,, 4,);

Interaction cross section of K and K~ with the detector material i1s
different, especially for kaons with low momentum:

@pK)=1GeV: o(Kd)=80mb o(K'd) =33 mb
This 1s because the reaction K- N— Y7 has no K*N analogue;

Hence K" mesons travel further in the detector on average, having a
greater probability of decaying to muons, or punching through to the
muon system — the asymmetries ¢, and 4_should be positive.

BEACH Conference
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w Measuring Kaon Asymmetry

Starting from the inclusive muon sample...

1) Define sources of kaons from resonances which can be fitted to extract
signal size (two independent samples):

K" — K'n 0(1020) — K'K-

2) Require that the kaon 1s identified as a muon, e.g.:

M kaon usually decays
outside tracking detector

K0 — s0 momentum 1is
correctly measured.
-

3) Build the mass distribution separately for positive and negative kaons;
4) Compute asymmetry in the number of observed events;

BEACH Conference
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Entries/2 MeV

2
x 10 ¢ — K" K decay

6000

4000

2000

fDQ) 6.1 b (a)
-y */dof = 64/27

-
PrL

o N(K'—p") + N(K"—p)

98 1 102  1.04 106

M(K'K') [GeV]

D@ 6.1 b
[ */dof = 22/35

Excess of (P
positive kaons

__________
------

N(K'—p?) = N(K™—p)

89081 102 104 106

M(K'K') [GeV]

Measuring Kaon Asymmetry

For each channel, K™ and ¢(1020), the
asymmetry 1s determined is bins of kaon
transverse momentum.

The results for both channels agree (y%* of
difference 1s 5.4/5 degrees-of-freedom),
so they are combined to produce a_.

The same-sign dimuon asymmetry A, is
then determined algebraically from a_,

based on the two p_ values of the muons.

36
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= 0.08;
£ | DG, 6.1 b .
£ 0.06] R t
= -
&) |
2 0.041 7% .
: Typical kaon
0.02 | asymmetry is ~ 4-6%
0510 15 20 2

p(K) [GeV]




w Pion and Proton Asymmetry

abkg - fkak T n'an T ap T (1 B fbkg) 5
A, =FA,+RA + RA (2~ F, )

The same strategy 1s used to determine a_, a,, 4, and 4,
e K, — m*  1s used to measure pion asymmetry;

e A — pm 1susedto measure proton asymmetry.

a, a, a,

(+5.51 £ 0.11)% | +(0.25 £ 0.10)% | (+2.3 + 2.8)%

In fitting with expectations, the kaon asymmetry 1s positive, and forms
the largest contribution.

BEACH Conference
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4 Measurement of £, F

Fractions f, , F, are measured using the decays K™ —K*z~ selected in
the inclusive muon and like-sign dimuon samples respectively;

Kaon 1s required to be identified as a muon;
We measure fractions f,.,, F;

<104 Inclusive muon sample like-sign dimuon sample
2 " (a) DG, 6.1 b % 80000 F DG, 6.1 b’
E 1500 | oeeee® o 0000000000s 560000 § EoTTes
Z 1000 - Z 40000 |
| I | L
£ 500 g
= s /dof = 81/45 = 20000 ; % /dof = 48/52
0" 08 09 1 1a 1213 "8 09 1 1a 12 13
0 M(K*1) [GeV] M(K*1) [GeV]
X
% (b) + DG, 6.1 % 10001 4 D@, 6.1 fb!
= 10000 | + = ' *
= | = 500
=R TSRO - B 1 T BC O TR
ﬁ" 07 é 0 [T || || | | |||'-||'||'
: AT N A AT
08 09 1 11 12 13 08 09 1 LI 12 1.3
BEACH Conference M(K'T) [GeV] M(K'T) [GeV]
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e Peaking background contribution

 Decay p’—x'n produces a peaking background in the (Km) mass,
because one pion can be misidentified as a kaon;

* The mass distribution from p’—z*7~ 1s taken from simulation.

> C
z 1500[ | ‘"o
= o oo,
— (4
‘*-;- 1000 + C .o. pl—ortr
5
£ - ",
5 500} N ~.
- .o“.. ....C'o..
OT PR SR N S SN TN N SR N SHNN A A S N N T M’"
0.8 0.9 1 1.1 1.2 1.3
M(K'7) [GeV]
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w Measurement of f,, F

To convert these fractions to f, , Fy, we need to know the fraction R(K™)

of charged kaons from K™ — K"z~ and the efficiency to reconstruct an
additional pion ¢, :

fm SkR(K™) 3 Fyoy = FR(K ),

What we measure \
Efficiency to reconstruct an
additional charged pion track
What we need

Fraction of kaons which
originate from K™ decay
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We also select decay K™ —K n; <10 2
> [
. . @ [ (a
We have: S 3000 )
= TP .
- *+ = g
N .= Ng R(K ), Z 2000 |
Z 1000
008 09
Fraction of K, mesons . :
o o o Ean ) i (b)
which originate from K = 1000 | *
decay — ! * { {
g 0 [ | J L | l
T
Efficiency to reconstruct an :?, 21000 1 # *
additional charged pion track —08 09
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Measurement of f,, F,

D@, 6.1 fb™
v/dof = 54/49

11 12 13

M(K ") [GeV]

it

D@, 6.1 fb™!

|

11 12 13
M(K ") [GeV]




R(K™) = R(K™) due to isospin

invariance:

> Verified with the available data on
production of K™ and K™ in
jets at different energies (PDG);

> Also confirmed by simulation;
> Related systematic uncertainty

7.5%

Measurement of f,, F,

R(K "WR(K™)

0.5

PDG 2009

720

0 60 80 100
Vs [GeV]

g, = €, because the same criteria are used to select the pion in
K*—Kgn" and K —K*n~

*Verified in simulation;

~Related systematic uncertainty 3%;
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% Measurement of f,, F

With these conditions applied, we obtain f, , F as:

_ N(Ky)
S ® N(K™)
_ N(Ky)
OONKT) K

fK*O

- The same values N(K; ), N(K™) are used to measure f, F ;

We assume that the fraction R(K™) of charged kaons coming from K™ —K*7~
decay 1s the same in the inclusive muon and like-sign dimuon sample;

> We verified this assumption in simulation;

We assign a 3% systematic uncertainty due to this assumption;
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w Measurement of f

+(1 fbk)5
W =FA, + +(2-F, )

Fractions f_, f,, F,, F, are obtained using f, and Fy with an additional
input from simulation on the ratio of multiplicities n,/n, and n /n:

: n_/n
’L'_I_,_l_H /nK

=S

o W
T

Ratio of multiplicities

5 10 15 20 25
py [GeV]
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% Measurement of f, F_

 We use as an input:
> Measured fractions f, , F;
-~ Ratio of multiplicities of pion and kaon n_/n, in QCD events taken from

simulation;

» Ratio of multiplicities of pion and kaon N_ /N, in QCD events with one
additional muon taken from simulation;

~ Ratio of probabilities for charged pion and kaon to be identified as a
muon: P(r—uw)/ P(K—yu) ;

» Systematic uncertainty due to multiplicities: 4%

- Weobtainf , F_as: P(m - §) n,

P(K—) p)nK
P(m - ) N,
“P(K s §)N,

Jo = Sk
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Hed Measurement of P(m—p)/ P(K—p)

The ratio of these probabilities 1s measured using decays K, —z* 7~ and
@1020)—>K"'K™ ;
«  We obtain: P@m > p) P(K - )= 0.540% 0.029

— 27

% | D@, 6.1 b

¥ 15| .

s

=. 1f

L+

& 05 e

0"'1
5 10 15 20 25
Py [GeV]
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w Summary of Background Composition

fl-)kg =f K +ﬁf +‘fP
We get the following background fractions in the inclusive muon sample:

(l_fbkg) fK fn’ f];
MC | (59.0£0.3)% | (14.5+0.2)% | (25.7+0.3)% | (0.8+0.1)%
Data | (58.1£1.4)% | (15.5+0.2)% | (25.9£1.4)% | (0.70.2)%

~ Uncertainties for both data and simulation are statistical only;

- Simulation fractions are given as a cross-check only, and are not used in
the analysis;

» Good agreement 1s found between data and simulation, within the
systematic uncertainties assigned;

- Fractions for same-sign dimuon sample are extracted similarly.
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