B Physics @ LHC,

@LHC b quarks are produced in several processes with very high cross section:

qq annihilation Gluon fusion 109 . -
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B Physics @ LHC,

« @LHC b quarks are produced in several processes with very high cross section:

qq annihilation Gluon fusion
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B Physics @ LHC,

« @LHC b quarks are produced in several processes with very high cross section:

For comparison B-Factories:

cﬁanmh lation Gluon fusion
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B Physics @ LHC,

« @LHC b quarks are produced in several processes with very high cross section:

* b quark produced in about 0.5% of pp collisions 109 : — 108
T Oror : : , ]

107 Tevatron LHC 1Y

* Most B mesons produced forward, average 105L /"'/ i 10°
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B Physics @ LHC,

Trigger @ LHCb (Run 1): Level-0, High Level Trigger [arXiv:1412.6352 (2014)]

* Level-0: implemented in hardware, rate < 1 MHz (bunch crossing 40 MHz)

e LO-Calorimeter, LO-Muon, LO-PileUp

 Informations from Calorimeters (Scintillator Pad Detector, Preshower,
Electromagnetic and Hadronic Calorimenters)

pr or Er SPD Scintillator PAD Detector
single muon 1.48 GeV/c 1.76 GeV/c 600
dimuon pr; X pry (1.30GeV/c)?* (1.60GeV/c)? 900
hadron 3.50 GeV 3.70 GeV 600
electron 2.50 GeV 3.00 GeV 600
photon 2.50 GeV 3.00 GeV 600
LO muon trigger LO hadron trigger
S T T T ] L 2T
S 'f LHCb |, e S f LHCb 3 « Efficiency
2o 08k  —4— e —— o F ———— depends
C_—A— - —— -
Ew i o . Ew 081 —.— " 1 onnumber
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- 7 B 4B’ 5 K'm
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B —#— LODiMuon i 04 :_ _‘_f +D° 5 Kn' —_
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B Physics @ LHC,

Trigger @ LHCDb (Run 1): Level-0, High Level Trigger [arXiv:1412.6352 (2014)]

+ High Level Trigger (software, rate <5 kHz) & [ o troricom mom ro
divided n o jevels (partial (80 kHz) and full S I i
event reconstruction) S osf —— _:Z

“ Ol = = =

« Beauty Trigger: partially reconstructed b-hadron °° f::t E
decays with at least two charged particles and a o4« ::__ E:E :l‘:;""‘;‘;” .
displaced decay vertex. Track selected based b B> K'mB2HH E
on track fit x*, Impact Parameter, muon and : —— B> K'%,Topo2orB2HH |
electron identification, flight distance, invariant % "% "0 15 -0
mass Relative € o eV

channel LO HLT1 HLT?2
Bt— JW Kt , Jhp — ptu~ 89% 92% 87%
BY'— Ktn~ 53% 97% 80%
B—s Dt¥gr= , Dt - K—ntrnt 59% 98% 7%
Dt - K—ntrpt 44% 89% 91%
D*t — Dt DY - K—ntn— ot 49% 93% 30%
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B Physics @ LHC,

Flavor Tagging @ LHCD [Eur. Phys. J. C 72, 2022 (2012)]

» Flavor of the B_ meson at production determined using Opposite-Side and Same-
Side tagging algorithms:

* OS: b quarks are predominantly produced in quark-antiquark pairs.
» By studying the decay products of the second b-hadron in the event it is possible

to tag the flavor of the signal one.

« OS tagger uses:
« Charge of leptons (e, u) from semileptonic b decays

e Charge of kaons fromb —-c—'s
e Charge of inclusive secondary vertex from b-hadron decays

e OptimizedonB* - JW K" B—-D"py*X,B D"

« SS: exploits the hadronization process of the b quark forming the signal B meson
« Net strangeness of the pp collision is zero: s quark hadronizing in the B_meson

produced in association with a's which in 50% of the cases hadronizes in a K*
which tags the flavor of the B_at the production

« OptimizedonB_— D"
38
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B Physics @ LHC,

Flavor Tagging @ LHCDb

 OS & SS algorithms based on Neutal Networks trained on simulated events
exploiting several variables
 Estimated mistag probability n subsequently calibrated with B** — J/WK*" data

control samples (w):
0_6 i T T T T T T T T

- LHCb

w(m) = po+ 20+ pi(n = (), ®)

- _ Apy

0.5F i —
; : @(n) = pg — piln —(m), (B)
0.4 -
S 03 _ _ Calibration Do P (n) Apy
4 1 0§ 039200020008 1.000+0.020=0.012 0392  0.011=0.003
0.2 : + 1 S5K 0350 £0.015£0.007 1.000+0.160 =0.020 0350 -0.019 = 0.005

0.1: . . . e
-  Parameterization chosen to minimize the

A R SR correlation between p_and p
0 0.2 0.4 0.6 0 1

n
« Systematics from comparison between different channels and data taking periods
* No significant difference between B and B observed
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B Physics @ LHC,

Flavor Tagging @ LHCb

 OS & SS algorithms based on Neutal Networks trained on simulated events
exploiting several variables
 Estimated mistag probability n subsequently calibrated with B** — J/WK*" data
control samples:

06— 1 7

- LHCb 1 « By combining the two different taggers, taking
0.5 4 . : : .

: ] into account events with both informations
04 1 available:

P - e, T e
o2 g : ____

~46% (10.26+0.18)% (0.89+0.17)%

n | To be compared with B-Factories experiments:
Q~33%

0.1 .
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)

[New J. Phys. 15, 053021 (2013)]
- Fully reconstruct D_mesons in five different flavor-specific decay modes D" — &1,

K*K", K'K'tr, K™, mmr'mr (34Kk signal candidates selected), masses of the
intermediate ®, K* — K"t resonances exploited
. B_meson flavor at production obtained using flavor tagging algorithms

» Signal/BKG separation by means of a Boost Decision Tree using the angle between
B_flight direction and its momentum, B_and D_flight distances in the transverse

plane, Impact Parameters of daughter tracks
. Simultaneous fit to B_invariant mass (m) and decay time (t) distributions with PDFs

(for signal and BKG in the different five modes):

P = Pm (m) Pt (rﬂ' (:”G-ta T}) pﬁt (O}) P??(n)
» q = tagging decision (0: no tag info, -1: mixed events, +1: unmixed events),

* n = mistag probability (0<n<0.5). Last two terms in the PDF (obtained from data using
signal band BKG subtracted & side bands) help in the relative normalization for signal
and BKG samples. 41
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)
[New J. Phys. 15, 053021 (2013)]

T T . + data

2 4000k ¥ D, —¢m —

é I B B'- Dt
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- B_invariant mass obtained by
constraining the D_mass to PDG

» Mean and width floated, tails from MC

Decay mode (Dg7”) candidates  fgo_,p 5+ faooprxe
D; — ¢(K*K)r~ 14691 0.83440.008

D; - KK 7 )K" 10866 0.85740.009

D; — K'K™ 7™ nonresonant 11262 0.595£0.009

Dy - K n'n~ 4288 0.437+0.014

D »nn'n” 6674 0.599+0.008 0.019+£0.010
Total 47781 0.714£0.004 0.019+£0.010

- B, —» D_K with misidentified K — 1 treated as
signal in the decay time fit
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)
[New J. Phys. 15, 053021 (2013)]
Decay time description

 Definition: r=L?m (L=decay lenght)

« With no tagging information (i.e. neglecting Oscillation term & taking into account
resolution and decay time acceptance:

['s fixed to WA

AT _ —1
It s _ Al's =0.106 = 0.011 £ 0.007 ps
Pi(tlon) [Fse CUSh( 2 t) 9(;)} ®IG(£’ 0, S“‘GJSI(” [LHCb, Phys. Rev. D 87, 112010 (2013)]

- Mandatory to obtain a resolution small compared with the B_ oscillation period
T=2m/Am ~350 fs

» O(t): Heaviside step function (only positive decay times considered) 43
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)
[New J. Phys. 15, 053021 (2013)]

Decay time description s fixed to WA

AT _
Pi(t|oy) I:I‘S e ! cosh (—Sr) 9(:)] RG¢;0,S, U:)I£: ¢)| Als=0.106+0.011+0.007ps™"
2 [LHCb, Phys. Rev. D 87, 112010 (2013)]

* G: Gaussian resolution function:
. 0, using event-by-event estimate from the fit to the B_decay vertex

» Scaling factor S_ =1.37 + 0.1 calibrated using fake B_formed with prompt D_
from primary interaction + random . Average resolution S_ <0 >=44 X 10" s

. £(t): Decay time acceptance due to requirement of large track impact parameters
» Parameterization studied on MC, parameters floated in the fit

« B% and N, BKG PDF identical to the signal with AI'=0 and I replaced by respective

decay widths
« Combinatorial PDF from Side Band: double exponential x polynomial with floating
parameters 44
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)
[New J. Phys. 15, 053021 (2013)]

* Reconstructed decay time distribution for tagged events (~40%) including detector
effects:
1

Pi(t|o;) {Fs e 5 [COSh (%f) +q [1 — 2w (nosT, NssT)] cos(Amst)i| 9(1‘)}

® G(t, Sp,01) E(1) €, « Q: tagging decision from OS-SS

» Tagged mixed (+1: Unmixed, -1: Mixed);
Q=(3.8 £ 0.5)%
e W(N 4 Nger) Mistag probability

« Combinatorial BKG has random
tagging

e Tagging parameters and Am
assumed the same for the five
decay modes

o Tagged unmixed
Vv NG — Fitmixed

Lo Fit unmi}{ﬂd

candidates / (0.1 ps)

o 1 2 3 4Am.=(17.768+0.023+0.006) ps "

decay time [ps] 45
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Measurement of Am @ LHC,

LHC_ Measurement using B — D" T (L=1fb", 3 x10" bb evts)

[New J. Phys. 15, 053021 (2013)]
« Systematics dominated by uncertainty on decay time = L?m

« Longit. Detector scale by comparing the track alignment and survey data and
evaluating the track distribution in the vertex detector (0.02% on decay time)

* Time-scale from overall momentum scale from measurement of well known
resonances (0.02% effect on decay time)

E » Tagged mixed _q
= | > Taggedunmired | A7, =(17.768£0.023+0.006) ps
< 400 TN —— Fit mixed
—% g, Fit unmixed Source Uncertainty (ps~!)
g T z-scale 0.004
< 200
© i Momentum scale 0.004
Decay time bias 0.001
- Total systematic uncertainty 0.006
U L L
0 1 2 3 4

46

decay time [ps]
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Measurement of AmS

| I I | 1 | 1 A I I I 1 | I 1 1 I
CDF2 hadr+semilept M_H 17.77 £ 0.10 + 0.07 ps’
: 7
(1fb ) Z
LHCb D -(3)n* '_._E 17.63 +0.11 + 0.02 ps™
-1
X 7,
(0.036 fb™) é
LHCb D_1*X | } ; - | | 1793 + 022+ 0.15 ps™
-1
(1.0fb™) ?
LHCb DS-11'|:+ é{ 17.768 + 0.023 + 0.006 ps~
(1.0fb™) 7
7 + 0.055 -1
LHCb J/yo 17.711* 0% +0.011 ps
3.0m7
7
Average é 17.757 £ 0.021 ps™*
1 L | | 1 | I 1 1 ]’;: I L | 1 | 1 1 1 I
174 176 178 18 182
Heavy Flavour 1
Averaging Group A]Ils (ps™)

. WorldAverage A m,=(17.757%0.021) ps
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V_[/IV_| from B® Mixing

 Not measurable in tree-level processes involving top quarks, can be determined using
rare radiative B or K decays or B° oscillation involving top-quarks in loop/box diagrams

» Theoretical uncertainties in hadronic effects reduced by taking ratios of processes
involving B and B_decays

+ Using d(s) uct b
Voot RS Vee
GIZV 2 2 * 2 A O Id(s}i W E If;b _0
Amq:6n2meBMWnBSO|th qu‘ By B W+ B
S * 1 .
Amg = (0.510 + 0.003) ps—! Vib P Vides)

o S : known function _ —— — .
Ams = (17.761 £ 0.022) ps™" | r]:OQCD corrections O(1) b “C:t d(s)
. .1 weak decay constant parameterizing matrix elements of axial-vector currents and

related to the wave functions overlap
. B_: bag parameter: operator entering the computation of the box diagrams after

integrating out the heavy quarks and W bosons contributions. Responsible of the
change in B flavor by 2

« Both calculated with LQCD [S. Aoki et al., arXiv:1310.8555 (2013)]

f s By =216+15MeV ; f,+B,=266+18 MeV i
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V_[/IV,_| from B® Mixing

 Not measurable in tree-level processes involving top quarks, can be determined using
rare radiative B or K decays or B° oscillation involving top-quarks in loop/box diagrams

» Theoretical uncertainties in hadronic effects reduced by taking ratios of processes
involving B and B_decays

» Using
Am =G—§f2m Min,S |V V. B
Toentt PO TR e Tl Fu By =216%15MeV ; f,\B,=266+18 MeV
Amg = (0.510 £ 0.003) ps~* [S. Aoki et al., arXiv:1310.8555 (2013)]
Amg = (17.761 + 0.022) ps~ ! |
Vigl = (8.4+£0.6) x 1073,  |Vis| = (40.0£2.7) x 107

e Error red_uced in ’_the ratio + In agreement with B — py/B — K*y

¢ = (f8,\/BB,)/(f5,1/BB,) = 1268 + 0.063 result from radiative penguins
Viq/Vis| = 0.216 £ 0.001 £ 0.011 Vyq/Vis| = 0.21 £ 0.04
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V_[/IV,_| from B® Mixing

Not measurable in tree-level processes involving top quarks, can be determined using

rare radiative B or K decays or B° oscillation involving top-quarks in loop/box diagrams
Theoretical uncertainties in hadronic effects reduced by taking ratios of processes
involving B and B_decays

Using

G . 2 A
AquﬁfszMivﬂBSo‘Vm th‘ By

o f o By =216x15MeV; f,\B,=266+18MeV
Amg = (0.510 + 0.003) ps—!

[S. Aoki et al., arXiv:1310.8555 (2013)]
Amg = (17.761 + 0.022) ps~ ! |

Vigl = (84£0.6) x 107%,  [Vgs| = (40.0£2.7) x 1077

(a) loop diagram (b) annihilation diagram

* In agreement with B — py/B — K*y
result from radiative penguins

Vo wova~s. | Vig/Vas| = 0.21 £ 0.04

b v d

u
50
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Measurement of chp

 Two classes of measurements available:

 Inclusive dilepton asymmetry analyses [Belle, Phys. Rev. D 73, 112002 (2006)],
[DO, Phys. Rev. D 89 012002 (2014)], [Babar, Phys. Rev. Lett. 114, 081801 (2015)]:
0 0 0 ~0 — —
, _Prob(B,— B, t)—Prob(B,— B, t):Aq _N T )N ()

“ Prob(B = B®, t)+ Prob(B = B",t) " N,(IT1T)+N,(1 1)

« Hadron Colliders Experlments measure a combination of B0 and BO CP

parameters: ASL C ASL+C Ay (A (SM)=(-0.023=0. 004)><10 )
where CdS depend on BOQIS production rates and mixing probabilities

(DO, Phys. Rev. D 89 012002 (2014)]

« Flavor specific BOdS analyses [DO, Phys. Rev. D 86, 072009 (2012)],

[DO, Phys. Rev. Lett. 110, 011801 (2013)], [Babar, Phys. Rev. Lett. 111, 101802 (2013)],
[LHCb, Phys. Rev. Lett. 114, 041601 (2015)], [LHCb, Phys. Lett. B 728, 607-615 (2014)]:

. Reconstruction of B L DO X, BOS —D_IX

« Using (or not) flavor tagging information at production
51
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Measurement of chp

Detector-related Asymmetries

« Current statistical precision of the experiments < 0.5% requires very good control of
spurious charge asymmetries from:

« Charge-asymmetric Background: hadrons misidentified as leptons & leptons from
light hadron decays (e.g. positive kaons have smaller interactions cross-section
than negative kaons in matter reflecting in a higher selection efficiency for K* vs
K)

e Track reconstruction and lepton identification (detector anisotropy could affect
efficiencies)

* Most crucial analysis issue and largest systematic uncertainty
« Effect reduced by inverting magnets polarities (DO, LHCD)

- Estimated on control samples (DO, LHCDb) or determined directly in the fit to A_
(Babar)

52

Martino Margoni, Dipartimento di Fisica e Astronomia Universita® di Padova, A.A. 2015/2016



Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

« Semileptonic AbSL measured from inclusive single muon and like-sign dimuon charge
asymmetries: . u

n(w’)—n(u") P B° B° P 2 x 10° events with at

0= n - X least one muon
n(w " )+n{w ) ™~ 6 x 10° events with
Same-sign dimuons
o M= — )
N + + _N _ 0 O l“l
e (M+M+) (M_M_) bhadron. B B
N w™ )J+N(p w) T~

X bb
Only 3% of single muons come from decays of mixed B°q

Only 30% of equal-charge muons come from decays of mixed B°OI

Challenge: understand contributions from:
* Muons from other b decays, charm and short-lived hadrons
* Detector-related charge asymmetries
AbSL obtained by subtracting the A__ . one from the raw asymmetry A
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D89 012002 (2014)]

« Dominant contribution to the inclusive and like-sign dimuon BKG asymmetries comes
from the charge asymmetry of muons produced in decay in flight of K — pv, 1 — p
and misidentified K, 1T and p:

» Single muon asymmetry in bin i of (p_, [n[), (n=—Intan| -} pseudorapidity)

a'=acp+ay, Ay, =a,tfrag+fraztf fuﬂi;.- ay, = (1= frxg)ds

0=charge asymmetry in single p detection & identification

0.008

DG, 10.4 fb™ (d)
: . 6 = —0.0013 + 0.0002.
i : : - .
| L : —4—  From J/¥Y — p"y using track
~© ol + + —+— info only and counting the
i _+_ : —— tracks identified as muons
1 1 1 1 . E ] 1 1 ! ] 1 1 1 1 .
Baaa 2 4 6 8
(P M) bin 54
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D89 012002 (2014)]

« Dominant contribution to the inclusive and like-sign dimuon BKG asymmetries comes
from the charge asymmetry of muons produced in decay in flight of K — pv, 1 — p
and misidentified K, 1T and p:

» Single muon asymmetry in bin i of (p_, [n[), (n=—Intan| -} pseudorapidity)

a' = agp + ay, a"i:kg = a}, + fLal + fLa: + ffnﬂi: ﬂL, =(1- fgkg‘)&i

0=charge asymmetry in single p detection & identification

* Fractions of Background K, 1T and p is obtained taking into account:
. Measured misidentification rate in the decays K® — K (K — ), K. — 7 (1 —

M), A—Tp (p — )

* Fractions R' of K, 1T and p in the inclusive sample coming from the specific
processes

« Isospin invariance to costrain R' fractions e.g. R(K” — K" m)=R(K" — K_11")

« Ratio of the efficiencies to reconstruct the same charged particles in different
decays 5
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D89 012002 (2014)]

« Dominant contribution to the inclusive and like-sign dimuon BKG asymmetries comes
from the charge asymmetry of muons produced in decay in flight of K — pv, 1 — p
and misidentified K, 1T and p:

« Dimuon asymmetry in bin i of (p_, [n]), (n=—Intan % pseudorapidity):
. Nf—N; 2 INyai, + 3 Nii(ah, +al.)
Al =1 _ A; —|—A N+ = Nt + NE£ Al — [i“bkg Jr i\ bkg bkg
¥ CP bkg i ii Z ij =
Ni +N; ' ke Ni+334N

» Fractions of Background K, 1T and p is obtained taking into account:
. Measured misidentification rate in the decays K° — K (K — W), K, — 1 (T —

M), A\ —Tp (p — )

* Fractions R' of K, 1T and p in the inclusive sample coming from the specific
processes

« Isospin invariance to costrain R' fractions e.g. R(K” — K" m)=R(K" — K_11")

» Ratio of the efficiencies to reconstruct the same charged particles in different
decays 56
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Inclusive dilepton A’

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D89 012002 (2014)]

« Dominant contribution to the inclusive and like-sign dimuon BKG asymmetries comes
from the charge asymmetry of muons produced in decay in flight of K — pv, 1 — p
and misidentified K, 1T and p:

« Dimuon asymmetry in bin i of (p_, [n]), (n=—Intan % pseudorapidity):
. Nf—N; 2 INyai, + 3 Nii(ah, +al.)
Al = _A.e —{—A Nt = N*t=* + E Nt Al — [i%bkg JeT U \*bkg bkg
+ CP bk i i ij =
Ni +N; ¢ ' ke Ni+25.N

 BKG Fractions checked using comparison of central tracking and local reconstruction
for muons: difference in P and angle sensitive to fraction of decays in flight

0.15
. D@, 10.4 fb™ e - Data (a) D@, 10.4 fb™ e -Data ()
[ 0.1
5 01f e = |6(local) — 6(central)|
Z Z .
© i Decays in flight
Z 0.05] Z n.us_
"{;' 3 % 25 5 75 10 125 15

Y [degrees]



DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D89 012002 (2014)]

Inclusive dilepton A°

- D@,104 b’ (a)
021 EP
R TR, SR Sl .
B B S
«" 05t pg, 104 " ®)
ey Tk
T ++ g
R
= 0.05
he DO, 1|].4ﬂ}' (©)
2 46 s
(Pl) bin
Inclusive muon sample

= | D®,10.4 b (a)
02+ E '
S T S T

=" 05| D@,104fb" (b)

R m—— ++
T +
R S

a 0.05

=

| DG,104 m‘l | (€)

L+
2 4 6 8
(pr) bin

Like-sign dimuon sample
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Inclusive dilepton A°

« Background asymmetries measured using K° — K, ® — KK with K — y,

K - TmmmwithT — g, A—- pmwithp - p
° From K. — ', m— p

X X
x _ X —¢ < 0025 D@, 104 fb" (b)
( — . i
FromK* - K'm, ® - KK, K— u [ + %
Y 0.1 1 0r _+_ : ' _+_
‘“ - DA, 104 fb (a) - A
44— —+Central ' Interm! Forward
0.05 ___—¢—+ E 2 4 6 8
' i I G g From A — pm, p — U (PpM)) bin
' l : e 04
| Central :Interm. : Forward o« | DO, 10.4 s (©)
0 T R L | !

—

| | | |
2 4 6 8 | ;
pr, n]) bin ] pr (GeV) (Ppsml) bin 0 —_+_ : |

1 <0.7 <5.6 : 1 *

2 <0.7 5.6 to 7.0 e . ! ;%

3 0.7 7.0 —_—— ~ | I

4 i 10 m=-Intan 5 entrall | Interm.. Forward

5 0.7t0 1.2 >5.6 | : :

6 >1.2 ‘<3.5 -0.4 L L I 1 | L L [ I | L I L

7 1.2 3.5to0 4.2

8 21.2 4.2 to 5.6 2 4 6 8

9 >1.2 >5.6 (pT,|T||) bin Y
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o
s

EX

0.1

0.05 |

Inclusive dilepton A°

« Background asymmetries measured using K° — K, ® — KK with K — y,
KS—>'IT'ITWith'IT—> U, \— pmwithp —

X X

£ — £

X" +eX
FromK* - K'm, ® - KK, K— u

——4

I —

| Central

- DO,104 fbh!

'_Q__¢_|

Interm.

(a)

—— @

Forward

2

-

6 8

< 0.025

04

From K, — ', m—y

- DY,104 b

(b)

i_+'Central

++

—+

1

; Interm.;

+

Forward

——

.4..

6

(ppsml) bin

FromA— pm,p—op

——
(pp-ml) bin

- DO,104 b

(©)

= 40.0510 4+ 0.0010

—0.0006 £+ 0.0008

= —0.0143 +0.0342

nN=—Intan

()
2

o+

S
entrall | Interm.

04 ——

ﬁ%

et

5

(Pl bin
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

* Observed single muon asymmetry agrees with Background expectations

0.04

003} AniP

DD, 10.4fb' * -Asymmetrya,  (a)

- 3 - Asymmetry a
% 0.02 ' '
= 0.01f
- -
0 -
E !
-0.01 2 4 6 8
(stlnl) bin
0.01 n
DO, 10.4 b (b)
All TP
0.005 - . i
& L . ,
= N i
o 1 + ...... + .. Sen S
I B I B
-0.005 2 4 6 8
(PysInl) bin

« From the inclusive single muon sample: a

* In agreement with SM
« Systematics from BKG fraction and asymmetries

(7. In|) bin 7] pr (GeV)
1 <0.7 <5.6
2 <0.7 5.6 t0 7.0
3 <0.7 >T7.0
4 0.7to 1.2 <5.6
5 0.7to 1.2 >5.6
6 >1.2 <3.5
7 >1.2 3.5t04.2
8 >1.2 4.2 10 5.6
9 >1.2 >5.6

—(-0.032+0.042 £ 0.061)%
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

* Observed single muon asymmetry agrees with Background expectations

0.04 ¢
o3l D9 104 fb' * -Asymmetrya,,, (a) ; ; ;
o, Ut E_ All IP [ - Asymmetry a a = a’- (1
% 0.02 | ; ; CFP —I_ bkg
= 0.01}
< g
0 3 -
T e 8 Quantity All TP
(stlnl) bin
0.01 ~ frag x 103 7.99 4+ 0.21
r D9, 104 b (b) f.a, x 103 —0.19 £+ 0.31
oo0sf AT 5 fra, x 103 —0.08 £ 0.09
& i : ! a, X 10° —0.70 £0.12
[~ ] i i
ok-'_ + I T + __ oo — ax 103 6.70 = 0.02
i —4— :+ 3= Qpig X 103 7.02 + 0.42
I S T S S R SR a oo 103 —0.32 £ 0.42
-0.005 2 4 6 8 i
(stlnl) bin

« From the inclusive single muon sample: aCP=(-O.O32 + 0.042 £ 0.061)%

* In agreement with SM

« Systematics from BKG fraction and asymmetries 0
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

e Dimuon asymmetry

o.nz:— DG,104fb" * -AsymmetryA,. . (a)
> . AP [ - Asymmetry A
< 001} S
E L |
: o :
< I I 1
-0.01 i !
o 1 1 L | l 1
2 4 6 8 10
(ppsn)) bin
0.01p
- D@,104 b’ (b)
0.005 All IP | .
$oo 1t
S e R S Gl S + —— ——
-0.005 - :+ 5 +
: 1 u: | - | | | 1
0.01 2 4 6 8 10
(ppsn)) bin

Quantity All IP

Frap x10°  6.254+0.29
F,a,x10®> 0.044+0.25
F,a, x 10> —0.06 £ 0.07
A, x10° —2.88 :0.30
A x 10° 1.01 £0.40
Apgg X 103 3.36 £0.50
Acp x 103> =235+ 0.64

Aep=A—A bkg

e From the inclusive dimuon sample:

A_.=(-0.235 + 0.064 + 0.055)%

« Systematics from BKG fraction and
asymmetries

» Significant deviation wrt SM o
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

e Several sources of CPV
e Single muon asymmetry depends only on CPV in mixing:

aCP:CbAgL; AgL:CdAgL+CsA;L" Cd:ded/<ded+sts)f C,=1-C,

» ¢,=(3-11)% varying with IP: fraction of muons in inclusive sample which have
oscillated (from MC)

- Effective X increases with proper decay time (muon IP), X =0.5

« Dimuon asymmetry depends on CPV in_mixing and in interference between mixing
and decay amplitude in the process B° (B®) — ccdd (e.g. D™ D™, accessible both to B°
and B, see later):

ACP:Amix_I_Ainter’. Amix:CbAgL’. Cb:()45_058 (depending on |P)

* Interference contribution present only in the dimuon asymmetry

| x, ATD _ Am

A™ =—sin (2p)— = Tw(cedd)=(—-0.050+0.012)% ; x,= = a

B l+x, *a d
w(ccdd): Contribution of ccdd channels in the inclusive sample 64
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

« By subtracting the interference term and correctig for the fraction of signal muons in
the inclusive sample:

A°_=(-0.496 £ 0.153 £ 0.072)%

differs from SM expectation by 2.8 o

* Measurement performed in three different muon Impact Parameter regions (different
BKG fraction):
x*/dof=31/9 gives probability p(SM)=3 x 10 corresponding to 3.6 o discrepancy

« Mixed B? fractions depend on muon IP: separation of contributions gives

7 ]

8 DAMC - Qscillating decays B'

g8 i g | @h=(—0.62£042)x 10"
S (U gdecaysB; | "
- a’=(—0.86+0.74)x 10

=

2 102 L X?/dof=10/7, p=-79%

E 3.4 o from SM expectations
m | L | L | L |

0 0.01 002 003 0.04 0.05
IP(y) [cm] &
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Inclusive dilepton A°

DO Measurement (L=10.4 fb™") [Do, Phys. Rev. D 89 012002 (2014)]

« By subtracting the interference term and correctig for the fraction of signal muons in
the inclusive sample:

A° =(-0.496 + 0.153 £ 0.072)%

sL
differs from SM expectation by 2.8 o
« By fitting AI/T on A™";

0.02 — T T
| DG, 10.4 fb™

al=(—0.62£0.43)x10"° 1 =
a’,=(—0.82+0.99)x 107 .

r
~—=(0.50+1.38)x10"" 7
d

0021 | Standard Model

pd,s = —0.61, paar=—0.03, psar=+0.66. | = pgp'uD"X
[ pg B —u'D; X

3.0 o from SM expectations .0.04- * Central value from -
dimuon asymmetry

M N M L | 1 L N 1 . L
-0.04 -0.02 0 0.02
d
ag

66
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Flavor Specific A°

Babar Measurement (L=425.7 fb™"){Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]
. A’ measured from Partially Reconstructed B* — D* X | v, D* — D" 1 using a

tagging algorithm based on charged K identification from the other B® meson
decay: ™

O B o

----- [N
At = Az/Byc 0
}/KT Btag BV Bn'.=.'c D CT»
K
R

* Flavor of the partially reconstructed B° from the lepton & pion charges

. Flavor of the tag B° using events with a charged kaon K.

« K" (K) come usually from B° (B°) decays

67
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Flavor Specific A°

Babar Measurement (L=425.7 fb _)iRhys..Rey, Lett 111 101802 (2013)]
=" IPhys. Rev. (J'93, 032001 (2016)]

soft

lepton

» Observed asymmetry between tagged+untagged ever;"c‘s with I and I':

_N({T)=N{") _
AI_N(I+ TN() A+ AcrXa

« A ! detector induced charge asymmetry for the Reconstructed-Side

 A_,asymmetry diluted by integrated mlxmg probability (only mixed events

affected by A__: i.e. more B°B” than B°B° reflects in more B than B°)
68
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Flavor Specific A°

Babar Measurement (L=425.7 fb™"){Phys. Rev. Lett. 111 101802 (2013)]

[Phys. Rev. D 93, 032001 (2016)]
----- n-
/( B, At —AZ/BVC B_ D”:
KR

e Observed asymmetry in mixed events:

soft

lepton

N(*K;F) — N(EK7)
N Ki) + Nt K;)

Ar = ~A,+ Ag + Acp

« A : detector charge asymmetry in kaon reconstruction for the Tag-Side
(different K'/K interaction cross sections in the detector material)

69
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Flavor Specific A°

Babar Measurement (L=425.7 fb™) [Phys. Rev. Lett. 111 101802 (2013)]
™ [Phys. Rev. D 93, 032001 (2016)]

ft
\ X lepton
O B o2 @
B

« Kaons with the same charge as the lepton could arise from Cabibbo-favored
decays of the D° in the PR side (K_)

* Observed asymmetry for these events:

_ NTKg) — N Kg)

Ar = N K?) + Nt Kz)

A+ Agx+ AcpXy

. A__, asymmetry diluted by integrated mixing probability (only mixed events
affected by A__: i.e. more B"B® than B°B” reflects in more B® than B®)

« A_s A, A obtained by using the three equations in a global ML fit 7
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Flavor Specific A

Babar Measurement (L=425.7 fb™") [Phys. Rev. Lett. 111 101802 (2013)]

| [Phys. Rev. D 93, 032001 (2016)]
« Tagging Kaon sample:

*-1( ft

lepton

tagAt = Az/ BVC %
K; K,
. K_: Tag Kaon Tag Side

. K. Tag Kaon Decay Side
95% of K populate the "Mixed” event sample due to K-l same-sign charge

correlation

» Constitute 75% of the Mixed sample
» Separated using angle between K & | and At
- Characterized by different mistag wrt K_ 71
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Flavor Specific A

Babar Measurement (L=425.7 fb™") [Phys. Rev. Lett. 111 101802 (2013)]
m [Phys. Rev. D 93, 032001 (2016)]

. K_: Tag Kaon Tag Side
. K_: Tag Kaon Decay Side

K, At shape from a Data driven

reconstruction
cosO
Kl
@ ) F
© 006 [ (o) S o3 (o) ?
i i o 025 | 1
o - . =
0.05 [ < :
E < ; L
£ oo Tag - P Tag ?
5 a S'de s 0.15 | . 4
0.03 | ; Side
| 1 L o
0.02 | 01
[ 1 L 7
0.01 :— 1 0'05 :- il
D PR Wt [ I T R R T e " U - |
2] L uw) I
(g' 012 L (b) \O; 0.8 |
M ¥ P g
: i 0.7
AN Q@
\ ‘ L [
@ Reco - Z 06
2 o008 [ ) : S s
£ | Side :
® o006 |- ' 0.4
0.04 a3
0.2
0.02 [
0.1
0l ' 0 72
-10 -75 -5 -25 0 25 5 75 10 -1 - - - -
Mips) 1 -08 -06 -04 -02 0 02 04 06 obsos -6,:

Martino Margoni, Dipartimento di Fisica e Astronomia Universita® di Padova, A.A. 2015/2016



Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]

[Phys. Rev. D 93, 032001 (2016)]
« Reconstruct only lepton and soft 1 with opposite charge

« Signal selected exploiting the neutrino missing squared mass with the approximation
of B® at rest in the Y'(4S) frame: N =(5.945 + 0.007) x10°

peak
m% = (Ebeam — Ep- — Ef)2 - (pD* + Pf)zs L

1000 —

400

« D* 4-momentum estimated from T kinematics L & eta
. . . - — Fit Result
using simulation 800
- @ Other Peaking
. . 0 w0 .~ 0 T [ EED**
e Signal includes B"— D X" I'v, D~ X"1v, O Goo|-WM BB combinatorial
(T — Ivv), D" (misidentified hadron) S [ m continuum
.%
7]

« Peaking BKG from flavor-insensitive CP
eigenstates, D*DX, (D — IX), B*— D" X" I'v

200 et

« Sample composition extracted from a fit to sz

o T S SN .._; P IR .
by floating the D*, D** and Combinatorial Tt ey
components using MC shape and Continuum
shape from Off-Peak events 73
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Flavor Specific A°

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]

[Phys. Rev. D 93, 032001 (2016)]

. ACP measured with a binned four-dimensional fit to At, g, COs eIK and P,

« Parameters describing At resolution and mistag, Am, B° lifetime, and the interference
between Cabibbo-favored and doubly Cabibbo-suppressed decays in the Btag side

floated in the fit (r' ~ O(1%): amplitude ratio, b & c: CPV from interference)

fBUBo(ﬁI) =

:FB{JBO(AI) =

Frop(At) =

q 2

p
I‘Ue_l—‘[ﬂﬁrl
2(1 + 72)
2

X

Frop(At) =

< |2
q

rﬂe—l“olr-‘-rl -
2(1 + %)L
I‘Ue_ro|ﬁf| B
2(1 + )L
I‘Ue—l“olml -
2(1 + r?) L

1+

1+

1+

X e < TN N o < T I I

zﬂz)cosh(AFL\r/Z) 4 (1 -
zr’z)cosh(AI‘At/Z) + (1 _

zr’z)cosh(AFAr/Z) - (1 -

[(1 + ‘g ‘zfz)cosh(arm/z) - (1 - ‘

S~ la~ T < e~ B ~ B LY

g
p

2
r"z) cos(Am At) —
2

r"z) cos(Am At) +

2
r’z) cos(AmyAt) —

SN~ B <N B BN

(b + c¢)sin(Am At) |,

(b — ¢)sin(Am At) |,

(b — ¢) sin(AmdAr)-

2
r"z) cos(Am At) + ‘% ‘ (b + ¢) sin(AmdAt):|
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Flavor Specific A°

Babar Measurement (L=425.7 fb™") [Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]

» If K. comes from decay of CP eigenstate in tag side (B” — D"'D") ~ 1% total sample
(+: B in reco side, -: B? in reco side, S, C from MC):
Fope(At') = Lo e TolAl(1 + §sin(AmgAt)
+ Ccos(AmgAt’),
- Due to different charge asymmetry of the K_and K_, the fractions of K tags in each
of the four sample (I'K", I'K', I'K’, I'K") is correlated with ACP

fe=(lg/p) = fE=(la/pl = 1) x ¢=(|¢/pl)

f -(la/p|=1) free in the fit, g(|a/p|) analytical functions absorbing the |q/p| dependence
during the fit minimization

* In a subsample of the combinatorial BKG from B°, reco-side lepton paired with a soft
pion from the tag side D* decay. Due to charge correlation, the effective mixed event
fraction is higher in the combinatorial wrt signal: effective BKG Am & 1_ floated

2
‘Tcomb

2(1 + $c2:omb) 75

X&omb — Xgomb ({1 + b- PK) Xgomb —
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]

. Sample divided in bins of At, o/At, cosGIK, P, sz
* Rate of events for each tagged sample:

FPK(At, 65 Mpiss®, €080, k, P |Tg0, Am, |q/ p|)
= (1 — fg+ (Muise™) — Fer(Muiss™) — Fooms(Muiss”) — fcont(Mmissz))gg;{(At! 01,0807k, Pi)
+ 5 (Muiss?) G2k (AL, 641, €08 07 ., Pk) + fop(Muiss®) Gsg (AL, 64,08 Oy &, Pk )
+ f Qo (Muniss?) G2 ™ (At, 651, €08 Oy ¢, P) + f oy (Mimiss2) G2 ™ (A2, 641, cO8 by k., P )

+fcon1( miss )gcont(ﬁt’ OAp, COS Hf,Ks pK)

- Expected fraction of mixed events computed in terms of Am, T_ and mistag, and
constrained to the observed one (separately for signal and combinatorial BKG)

0 0
e Seetlon Crf = iy (PP (1 - PPN
m 0 0 0 m —
Gelx- +Orix-+ Oty +0pge Nn!N,!
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]

. Sample divided in bins of At, o/At, cosGIK, P, sz
* Rate of events for each tagged sample:

FPK(At, 65 Mpiss®, €080, k, P |Tg0, Am, |q/ p|)
= (1= £+ (Muiss?) = Fep(Muiss) = feomb(Muiss) = foont(Mumiss))Gox (At, 641, €08 0z k., Pr)
+ 5 (Muiss?) G2k (AL, 641, €08 07 ., Pk) + fop(Muiss®) Gsg (AL, 64,08 Oy &, Pk )
+ f Qo (Muniss?) G2 ™ (At, 651, €08 Oy ¢, P) + f oy (Mimiss2) G2 ™ (A2, 641, cO8 by k., P )

+fcon1( miss )gcont(ﬁt’ OAp, COS Hf,Ks pK)

» Expected fraction of mixed (unmixed) events tagged by a positive K, computed in
terms of A__ and detector related asymetries, and constrained to the observed one

G R
PE?{P f"’(zﬁ"}f(* s K Nm(u},K_ !Nm(u),!(— !
m(H} K-I_ i ng gB{I:I" - b (P:FHJK_)Nm[H}K_
e T £32 (7K S exp _)Nm[u';x—
m(u)K™ 5
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]

[Phys. Rev. D 93, 032001 (2016)]
. Sample divided in bins of At, o/At, cosGIK, P, sz

* Rate of events for each tagged sample:
Fﬂ{(&t! O At Mnﬂssz!cos Hf,K! pKlfB”’ Am, |Q/p|)
- (l FE fB‘ (Mmissz) 3 fCP(Mmissz) L ¥ fcomb (Mmissz) g fcnnt(Mmissz))gg;{ (At: OA¢» COS ef,K: pK)
+ fo (Muiss2)Gox (At, 6a,,c08 0y k, Px) + fop(Muiss2) G55 (At, 64;, €08 84k, Pi)
+fgumb miss gB Comb(At OAy, COS gf K:pK) 25 comb( miss )gB cnmb(At’ OAt, COS gf,K:pK)

+fcom( miss )gcont(ﬁt’ OAp, COS ef,Ks pK)

 Statistical precision comes mostly from time-integrated fractions

* Time dependence measures mistag parameters and discriminate between different
sample components

78
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]

entries/0.36 ps

entries/0.36 ps

0.1

0.05 [

=0.0

=01

[Phys. Rev. D 93, 032001 (2016)]

. ACP measured with a binned four-
dimensional fit to At, 0, COS GIK and P,

« Parameters describing At resolution
and mistag, Am, B° lifetime, and the
interference between Cabibbo-favored
and doubly Cabibbo-suppressed
decays in the Btag side floated in the fit

* 168 parameters determined in the fit

M(ps) At(ps)
(e) Asymmetry

+0.32 -2
T :++r’+*++f+*, gl i et T HLT e 108 ACP _<OO6 iO°17—0.38) X 10

1 In agreement with SM

=10 =F5 =5 =25 o 2.9 = 7.5 10

At
(ps) 9
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]

x 10°
2500

| (a) I*K*| (b) K" _
« Systematics from

2000 W ] Tag Side Peaking
[ Tag Side BHG
I Reco Side Peoking
B Reco Side BXG

e Sample composition

1000

entries /0.5
o
a

* At resolution model

« 102 ' ‘ ' : . K, At shape and fraction

entries /0.5
2
2

4000 F

Ap=(0.06%0.17"02)x 107

In agreement with SM

2000 F

=1 =0.5 0 0.5 -1 =0.3 0 0.5 1

costy costy
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Flavor Specific A

Babar Measurement (L=425.7 fb™') [Phys. Rev. Lett. 111 101802 (2013)]
[Phys. Rev. D 93, 032001 (2016)]

« Systematics from

Source 6Acp(107)

Peaking sample composition L0 * Sample composition
Combinatorial sample composition £0.39 « At resolution model

At resolution model £0.60

K fraction +0.11 - K, At shape and fraction
Ky At distribution £0.65

Fit bias W

CP eigenstate description 0

Physical parameters 5‘1}% Ap=(0.06+0.17"2)% 107
Toul L6l In agreement with SM
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Flavor Specific A°

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]

» Given the DO and B-Factories result, it is important to understand if physics beyond
the SM is present in the BOS sector

. A°, measured from exclusive decays B°S —D_X VY, (D, — o1, ® — KK)
- Particle-antiparticle production asymmetries a, may bias the measured value at
hadronic colliders:

N(B) — N(B)

N(B) + N(B)
« Measured time-integrated charge asymmetry after correction for detector effects:

ap = (few percent, B(E): produced mesons)

* Neglecting detector & production asymmetries:

Ny—Nj;
=7 1— - =1— o A . = BB BB
fmzx X( X) funmlx fmlx CP NBB+NBB
NB:Nfunmix+2N fzniix(l_i_ACP); NB:Nfunmlx+2N fgix(l_ACP)
_Ny=Ny_ 2Ny(1-x)2A _ _ (=
Ameas_NB_i_NB_ 2N _X(l X)2ACP_ACP/2’ (XS_OS)
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Flavor Specific A°

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]

» Given the DO and B-Factories result, it is important to understand if physics beyond
the SM is present in the BOS sector

. A°, measured from exclusive decays B°S —D_X VY, (D, — o1, ® — KK)
- Particle-antiparticle production asymmetries a, may bias the measured value at
hadronic colliders:

ap = NB) — N@ (few percent, B(E): produced mesons)
N(B) + N(B)

« Measured time-integrated charge asymmetry after correction for detector effects:

e laking into account the oscillation probability:

—Lgt
g+ (t)|* = € 2q [cosh(Aqu t) + cos(Am, t)]
- £(t): decay time acceptance function for B_ mesons

)+cos(Amt))e(r)dr+2N fszx

(1+ACP>

fert(cosh(A§t>_COS(Amt>)E(t)dt

It
[ e AT¢
N =Nf h
N o A (cosh (2] :
-

unmix 2

I't

;a

cosh(Azrt)—cos(Amt))e(%)sdt

—-I't
e
NB:Nfunmixf (COSh<AFt

5 5 )+cos(Amt))e(t)dt+2N ’“(1 Agp)

2
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Flavor Specific A°

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]

» Given the DO and B-Factories result, it is important to understand if physics beyond
the SM is present in the BOS sector

. A°, measured from exclusive decays B°S —D_X VY, (D, — o1, ® — KK)
- Particle-antiparticle production asymmetries a, may bias the measured value at
hadronic colliders:

N(B) — N(?) (few percent, B(E): producted mesons)
N(B) + N(B)

« Measured time-integrated charge asymmetry after correction for detector effects:

ap =

_ I'[Dg u*1—T[D{ ™)
meas — —
I'[Dg ut1+ I'(DS u-1]

_ ag N [ﬂp B agl] [Z,e 15t cos(AMt)e(t) dt
2 2 ] [ e~Tst cosh(B2h)e(t) dt

- £(t): decay time acceptance function for B_ mesons

« Acceptance integral ratio ~ 0.2% — negligible
e« — A =aSS|/2 84

meas
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 Signal yields extracted from KKi1r invariant mass distributions

Candidates / ( 3 MeV )

Flavor Specific A

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]
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Flavor Specific A°

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]

» Corrected measured time-integrated

charge asymmetry: ) sk LHCb MagnetUp (a) 4
c - i g X :
Ameas = A — Atrack — Abkg U;- % —r w -
N(D; ) — N(DF ™) x € sk ; :
- ¥ 7\ o €) B e = i - :
N(Ds u*) +N(DS ™) X =) €(u™) = sp LHCb  \agnet Dowrf®> -
* Muon efficiency ratio e(u*)/e(u’) from J/VY — pp - oF us 5
reconstructed by requiring pairs of opposite- L 5 e 5
charge tracks consistent with the J/W¥ invariant sE h
mass and then applying the muon selection e
. o % sp LHCDb  Average (c) -
« A° =(+0.04 £ 0.25)% < — &
L = = -
05 : i
_5:_ -
——56 30 60 80

Muon momentum [GeV]
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Flavor Specific A°_

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615(2014)]

» Corrected measured time-integrated charge asymmetry:

C
Ameas — A - Atrack — Ab}cg

N(D put) —N(DJp™) x —"L—Em i Raw asymmetry corrected for muon efficiencies
 N(D; ut) 4+ N(DF =) x €& charge dependence
5 5

()

« Tracking asymmetry mostly cancels between 1T and y in the ®1ru* sample (1T and
u have opposite charge).

* Track efficiency ratio £(1r*)/e(1") from comparison of fully and partially reconstructed D™ — D° 117,
D° — Kmr'mr*(1r) and charge conjugated mode. For both the states, the efficiency is obtained from the
ratio of fully and partially reconstructed evts without requiring explicit reconstruction of the 1.

» Detector effects reduced by periodically reversing magnets polarities

« A= (+0.02 £ 0.13)%: track-reconstruction asymmetry
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Flavor Specific A°

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]

» Corrected measured time-integrated charge asymmetry:

C
Ameas — A# - Atrack - Abkg

« BKG from prompt charm production, fake muons and real DS, B — DSD, D-oIX

. A_ . computed using control samples:

. D*S m (K) X with 7 (K') misidentified as muons, b — ccs with W — D,D—y
A, = (+0.05 £ 0.05)%

» After the corrections:

A =(—0.03+0.25+0.18)x10 *—a},=(—0.06+0.50+0.36)x 10

meas
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Flavor Specific A

LHCb Measurement (L=1.0 fb™) [Phys. Lett. B728 607-615 (2014)]
ay,=(—0.06+0.50+0.36)x 10"

» Most precise measurement, in agreement with SM

« Systematics from tracking asymmetry, efficiency ratios, signal shape and binning

Sources of systematic uncertainty on Apeas.

Source 0 (Ameas) [#]
Signal modelling and muon correction 0.07
Statistical uncertainty on the efficiency ratios 0.08
Background asymmetry 0.05
Asymmetry in track reconstruction 0.13
Field-up and field-down run conditions 0.01
Software trigger bias (topological trigger) 0.05
Total 0.18
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Summary on A%

« Various measurements compared with the HFAG spring 2014 average

Ax? =1 contours B

0.00

—~ —0.01 |
Dmm E FAG Spring'l
aj ,
= I = |
-0.02} = - |
3 BABAR ¢ (2014) —a—4 |
g LHCb D'*)uX (2014) —4——
o D@ DX I: A
—0.03} BABAR D" A—i
BABAR ¢/ (old) "
BE"E Eﬂi e :
1 | | i |
-0.02 —-0.01 0.00 0.01
AcplB) .
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Summary on A%

« Result from Flavor-Specific measurements from HFAG Fall 2014 [arXiv:1412.7515]
o Ad .
SL
* Y(4S): -0.0019 = 0.0027
« All.  +0.0001 £ 0.0020
* ASSL:
« World Alverage: -0.0048 + 0.0048
» World Average of flavor specific

E”b.ol— Ag=1 measurements agree with SM
< « Total World Average computed using a 2D
0 fit (p=-0.158):
. AdSL:-O.OO15 + 0.0017
. =l |a/p| ,=1.0007 +0.0009
Q1 A
| . A°_:-0.0075 + 0.0041
0021 |a/p| =1.0038 +0.0021
| HFAG . i ~
0.03 | i | Global WA shows agrees with SMat~1.50
002 001 0 AD'D(IBD) « Only tension in the DO inclusive
St measurement 91
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