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Sin2f LHCb

Systematics

Table 1

Summary of systematic uncertainties on the CP parameters.
Origin G(SJ/W<8) G(CMMQ)
Tagging calibration 0.034 0.001
Tagging efficiency difference 0.002 0.002
Decay time resolution 0.001 0.002
Decay time acceptance 0.002 0.006
Background model 0.012 0.009
Fit bias 0.004 0.005
Total 0.036 0.012

R. de Sangro (LNF-INFN) May 19-24,2013

FPCP 2013 - Buzios, Brasil



Sin2[3 LHCb
Flavour Tagging — Calibration e

Eur. Phys.J.C 72
LHCb_CON F-2012-026 technische universitat

dortmund

» Calibrate the mistag probability

. - . _ . 2 0.6
prediction with self-tagging channels T e pratminar _5
» linear calibration function oab :
N=per event mistag W(n) = po + p1 (776 _ <770>) o.ai— —
probability prediction 02f :
- perfect calibration if 0.1;—/ B'— J/y K*
0'...I....I....I....I....I....-
p1 = 1 0 01 02 03 04 05 n(:G
Po — <nc> 3 0.6f 7

0.5

- for OS combination on B'— J/y K*

0.4f
- validation on other control channels ;

» Mistag probability asymmetry 02}

—0 0.1

Aw = po(B®) — po(B) = 0.011 £ 0.003

Julian Wishahi | Ams, Amg, and sin2 @LHCb | 13th CKM Workshop, WG IV | Sep. 29th 2012 9
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TABLE II.

and second errors are statistical and systematic uncertainties,

respectively.

Decay mode

sin2q’>1 = _ffo

Ay

J/ YK
gﬁ(ZS)Kg
XclKg‘

J/ YK
All modes

+0.670 = 0.029 = 0.013
+0.738 = 0.079 £ 0.036
+0.640 = 0.117 £ 0.040
+0.642 = 0.047 £ 0.021

+0.667 = 0.023 £ 0.012 +0.006 = 0.016 = 0.012

—0.015 = 0.02173:533
+0.104 = 0.055%5:937
—0.017 = 0.08315:94¢
+0.019 = 0.02619917
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Sin2f Belle

CP violation parameters for each B* — fp mode
and from the simultaneous fit for all modes together. The first

CP parameters for individual modes

Systematic Uncertainties

TABLE III.  Systematic errors in Sy and A ; in each fp mode and for the sum of all modes.
J/YKg  YQ9OKs  xaKs  J/YK] All
Vertexing Sy +0.008 +0.031 +0.025 +0.011 +0.007
Ay +0.022 +0.026 +0.021 +0.015 +0.007
At resolution Sy +0.007 +0.007 +0.005 +0.007 +0.007
Ay +0.004 +0.003 +0.004 +0.003 +0.001
Tag-side interference S *0.002 +0.002 *0.002 +0.001 *0.001
Y P (I 1 R (1 R O Y
Flavor tagging S *0.003 +0.003 *0.004 +0.003 *0.004
A, +0.003 +0.003 +0.003 +0.003 +0.003
Possible fit bias S +0.004 +0.004 +0.004 +0.004 +0.004
Ay +0.005 +0.005 +0.005 +0.005 +0.005
Signal fraction Sy *0.004 +0.016 <0.001 +0.016 +0.004
Ay +0.002 +0.006 <0.001 +0.006 +0.002
Background Ar PDFs Sy <0.001 +0.002 +0.030 +0.002 +0.001
Ay <0.001 <0.001 +0.014  <0.001 <0.001
Physics parameters Sy *0.001 +0.001 *0.001 +0.001 *0.001
Ay <0.001 <0.001 +0.001 <0.001 <0.001
Total S +0.013 +0.036 +0.040 +0.021 +0.012
Ar oo 0027 A Y V10
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[PRL 108 171801 (2012)] Belle Sin2p at the Y(5S)

. [ B—1tt comb.
e Belle has measured sin23 at the Y(5S) ¢ ‘e
: . G 7 . A
using the technique of “B-11” tagging 4;.““..‘ |
: (}tuw i
Y (55) to BHOBEIT 7
‘\ Tag with the
charge of the 1 10 <Bt;>_ .
Fully reconstructed to Not ructed v 85'B°+J/wK°s
CP eigenstate ot reconstructe 2 o ‘
Time Integrated! S 4 I
A _ Nppy — Nppp+ _ Sx+ A Could be used g 2p el sl Tl
BT Nppr— t Nppr+ B 1+ x* fOl', €g., BO—1rom? 0-5.1 5.2 >3 o4

at Super B factory
where Ngp.+ and Npp,- are the observed number of
B®OB® =7+ and B¥OB™ 7~ events in which the neutral
B decays to a CP eigenstate, respectively, and S and ‘A are

the mixing-induced and direct CP-violating parameters, <
X = (mH - mL)/F’ 1= (FH + FL)/Z’ sin2¢p; = 0.57 £ 0.58(stat) = 0.06(syst)
y= ([, =Ty)/2r | 422
X
assuming y =0 = sin2¢, = —ncp( , )ABBW.
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BaBar B'—K(KK

B? — KO0 K K,

TABLE VI: Summary of B-background modes included in the fit model of the time-dependent analysis. The expected number
of events takes into account the branching fractions (B) and efficiencies. In case there is no measurement, the branching fraction
of an isospin-related channel is used. All the fixed yields are varied by £100% for systematic uncertainties.

Submode Background mode Varied B [x107°] Number of events
B — 3K%(nt7™) K2K2KY no 2.4 0.71
KSK2K*° no 27.5 9.55
KeK2K* no 11.5 4.27
B® — {neutral generic decays} yes not applicable 21.7
B* — {charged generic decays} yes not applicable 15.5
B - 2K%(nFn™)KS(m'7n?) KSK2K? no 2.4 0.67
K2K2K*° no 27.5 5.3
KSK)K*° no 27.5 0.3
KYKOK™ no 11.5 2.9
KSKSK™™ no 27.5 7.2
B° — {neutral generic decays} yes not applicable 73.6
BT — {charged generic decays} yes not applicable 73.8

Species 3KZ(mtm™)

2K (ntn™)K2(n'7?)

Signal 201 F1¢ 62 715
Continuum 3086 *2§ 7086 355
B* B~ bkg  —54 NEYA 45 33
B°B°bkg  97*3 413

Eli Ben-Haim CKM Workshop, September 29th 2012
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BaBar BO—=K KK

Source S C
MCstat 0.002 0.001
Breco 0.004 0.003
" B-bkg 0.032 0.012)
MC-Data: At 0.045 0.027
MC-Data: Discr. Vars 0.021 0.004
\F'it Bias 0.022 0.018 )
Vetoes 0.006 0.004
Misc 0.004 0.015
Sum 0.064 0.038
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BaBar BO—=K KK

0
Results of the amplitude analysis |~ "
- ’O . N p +0‘20 rl10:l | T T T T T T T T T T T T | T T I:
fo(980)K's  Fit Fraction (FF) 0.44Z57g L F 120
Significance [o] 3.0 E 95_ E
fo(1710)K% FF 0.07 7003 = 8f 4 ~|100
Significance o] 3.3 S . 75 =
f2(2010)KS  FF 0.09 7003 mlgz_ E
Significance o] 3.3 : -
NR FF 2.16 03 St E
Significance |o] 8.0 4- E
Yo Ko FF 0.07 1005 b E
Significance o] 3.9 25_ E
Total FF 2.84 06 : ]
1—_I | 11 | 11 =
5 (*inclusive) Branching fractions (B) 10 12
Mode B [x107°| PDG:
>
Inclusive B — KOKOKY 6.19+ 048 £0.15£0.12 |6.2+ |7

fo(980)Kg,  f0(980) — KK
fo(1T10)KS,  fo(1710) — K2K?
f2(2010) K8, £5(2010) — K2K?
NR, KSKYK?

VoK, Yoo — KK 0.46 035 £0.02 + b
Consistent with other measurements

Eli Ben-Haim CKM Workshop, September 29th 2012

2715 4+£04£1.2
0.50 7038 4 0.04 £ 0.10
0.54 7020 £0.03 £ 0.52

133722 £0.6+2.1

32
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BaBar B—K+K-K

Main sources of backgrounds and yields

TABLE IV. Summary of the BB backgrounds in B’ — K J“_K ~K?. The “Expected yields”
columns give the expected number of events for 471 X 10° BB pairs, based on MC simulation.

The “Fitted yields™ columns give the fitted number of events from the best solution of the fit on
the data (see Sec. VII C).

Class Decay Expected yields Fitted yields

K¢— 777~ Ky— 7’7’ K§— 777~ Ky— 7a®
1 B — D K*(D™ — K K)) 42 + 13 4+ 1 36 + 7 3.6 = 0.6
2 B — Dy K" (D; — K™ K3}) 33 £6 3+1 11*+4 1.1 £0.4
3 BY — D°KYD’ — K*K™) 10+ 1 1.0 +0.1 16 £5 1.9 +0.5
4 B — J/YyK{J/p — KTK™) 10 =1 1.0 = 0.1 4+ 4 0.5 *+04
5 B* B~ /BB’ remaining 141 £ 7 123+ 6 20 + 28 48 *+ 18
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BaBar B—K+K-K

Main sources of systematic uncertainties

TABLE XVII. Summary of systematic uncertainties for B — K* K~ K3 parameters. Errors on
angles, Acp’s, and branching fractions are given in degrees, percent, and units of 107,

respectively.

Parameter Line shape Fixed PDF params Other Add resonances Fit bias Total
Bt (H(1020)) 2 1 0 2 0 2
Beir(f0(980)) 1 1 0 4 0 4
Beir (other) 0.7 0.4 0.2 0.8 0.4 1.2
Acp((1020)) 2 2 2 2 3 5
Acp(fr(980)) 6 3 2 5 2 9
Acp (other) 1 1 1 2 1 3
B(4(1020)) 0.13 0.05 0.08 0.05 0.03 0.18
B(f,(980)) 1.3 0.3 0.1 2.0 0.1 2.4
B(f,(1500)) 0.04 0.02 0.02 0.10 0.03 0.12
B(f(1525)) 0.02 0.01 0.00 0.15 002 0.16
B(f,(1710)) 0.3 0.1 0.1 0.4 0.1 0.5
B(x.o) 0.02 0.02 0.02 0.01 0.04  0.06
B (NR(total)) 2 1 1 8 1 9

B (NR (S wave)) 2 1 1 8 1 8

B (NR (P wave)) 0.1 0.2 0.1 0.3 0.1 0.4
B (total) 0.0 0.4 0.7 0.0 0.1 0.8
B (charmless) 0.1 0.4 0.6 0.0 0.2 0.8

We test for the f,(1370), a)(1450), f,(1270), £,(2010),

Additional r nan : and f,(2300) in each mode. We also test for the ¢(1680) in
tional resonances B — K*K K" and B — K"K K?, and the ay(980)
and aj(1450) in B® — KOK9K* and B® — K*K~ K).

R. de Sangro (LNF-INFN) May 19-24,2013 FPCP 2013 - Buzios, Brasil




Determlnmg the signal model

[

BaBar B —K+K-K

B0 — K*K'Ksq

s Prior to ﬁttmg CPV parameters the nommal DP models are estabhshed
= CPV parameters set to the SM ones
—> Legendre polynomial moments vs invariant masses, used to compare data and fit

I
(P¢(cosBs)) = [ dl'P¢(cosb3)d cosbs
~1

s K'KK™ ¢(1020), £,(980), £,(1500), ,'(1525), f,(1710), .o, poly. NR } Best
£,(980), 1,(1500), 1,'(1525), 1,(1710), .o, poly. NR

In the 3 modes: no need for the f,(1500)
'(1525), 0(1710))

B KsKsK+: ’

0.03
0.02

0.01 =
=

<P,>
(=

-0.01
-0.02
-0.03

Eli Ben-Haim

R. de Sangro (LNF-INFN)

good descrlptlon with £,(1500), f

£,(1710), %0, poly NR (S+P)
¢, £,(980), £x(1500), £,(1710),
Xc0s cXp NR

(I) f0(980) fO(ISOO) f (1525) ?—

KKK -

<P,>

May 19-24,2013

0.3

0.2

0.1

fits

LI L B DAL B BN B

£,(980), £,(1500), f,'(1525), ¢
£(1710), 7.0, poly NR (S) b’ :
£,(980), £(1500), f,(1710), =

Ye0» POly NR (S)

+ E
+ 0.1 I +++ KSKSK+
'1.|5“”5”"2.15'”';””3.15' I 15 5 215 3I 3|5 J, 415
Myey oy, (GEV/CY) my g (GeV/c?)
CKM Workshop, September 29th 2012 16
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BaBar B*—=K*K-K* and KsKsK*

Other B — 3K modes
+ +I/(-I+ - +
Results (B* -K'K'K* ; KsKsKY)
E N, =5269+84 (Purity = 43%) Ap(inclusive) = (-1.719_ ,£1.4)%
% BF= (33.440.5+£0.9)x10° [y,K excluded] | Acp(dK) = (12.8+4.4%1.3)%
(2.86 from 0, SM: ~ 0 - 4.7%)
Beneke, Neubert, Nucl.Phys B675,333 (QCDF) ; Li, Mishima, PRD 74, 094020 (pQCD)
e e L
700 £ C1Signal S’?- “‘°?L!'I',1"t',,'."'til"';%'""""""'""'“:
S :IBlBr:(l:k round . g - 120 i o ? :
> 600 E Bl Contnuum ##7% E S 000 ¢ region : E
© 500 ' : s E # =P E
o a + —:
‘2 E 40 — $ # -
2208 g L ’ E
10(()) N S S S ’ O'%ﬁﬁig.ifgiﬁﬁ*
5.2 5.275 5.28 5.285 5.29 0.99 1 1.01 1.02 1.03 1.04 1.05 1.06
mgs (GeV/c?) My 100 (GEV/CY)
+
E,, N, = 632+28 (Purity = 20%) Acp = (4£5£2)%
N BF = (10.1£0.5+0.3)x10°¢ [y.,K excluded]
=R
Eli Ben-Haim CKM Workshop, September 29th 2012 39 é’j rN —

R. de Sangro (LNF-INFN) May 19-24,2013 FPCP 2013 - Buzios, Brasil 12



[LHCb-CONF-2012-018] LHCb Bx—=K+K-K=

KTTT1T

e Data sample: L=1 fb-" e - BECTEE . _
e Effect of production and detection - R = -
asymmetries taken into account using J/L|JI€1088

1
5300

control sample R eI e v

BY 5 K¥gtr | BF SO KEKTK- | B — ] /w K= § 25002— Filiminary _%ZEEEM T Bty _g,ﬁzgnal "

B~ 18168 £ 170 10289 = 110 30140 =179 = S B-D CBD) ]
BT 17540 £ 169 11606 £ 117 30984 £+ 182 ]
Global fit 35707 + 308 21892 + 177 61122 £+ 258 _
5100 5206 — I5300L B ’nKKS:O[(l)VIeV/CZ]

-------------------------------------- E
6000 — model J / LI) K — model -
E LHCb | e B — JyK LHCb T\ B—JK 1
€Ol nal Ol‘lél
7

50005_ Preliminary combinatorial 2 Preliminary

|
Candidates / ( 10.0 MeV/c?)
5
3
[

3000 & 3
2000 - 3 3
1000 3 E 3
0 Eren PR AR 1 0 e o ) I
5100 5200 5300 5400 5100 5200 5300 5400
my.. [MeV/c?] my... [MeV/c?]

Acp(K*h*h™) = AFp™ (KTh*h™) — AGp™ (JW K*) + Acp(Jfp K), FIRST
EVIDENCE!

Acp(B* — K nn™) = 40.034 £ 0.009(stat) & 0.004(syst) & 0.007(J /¢ K™),
Acp(BT — KTKTK™) = —0.046 + 0.009(stat) + 0.005(syst) + 0.007(J /K ™), 2

R. de Sangro (LNF-INFN) May 19-24,2013 FPCP 2013 - Buzios, Brasil 13
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PHYSICAL REVIEW D 85, 091106(R) (2012)

120 ———r——r—————— 60
100 - 50
NU | |
S >
= 80 12 %
= L o |
N 60 4 >~ 30
~ [2]
2 £ |
S 40 1 £ 2
¢ i
o i
20 . 10
0 PRI R R BT B 0 PO L PN DU
520 522 524 526 528 530  —0.05 0.00 0.05 0.10
(@) My (GeV/c?) (b) AE (GeV)
300 T 140 ———————————————
250 — - 120
s | > 100}
> 200F d 4 2 ¢
[ i ] = N
= : i 1 o 80
S isof 1R
[0 b it t ul 1 1 € of
L U TE N v N R T
> [ TSN S IR
L I HAX! 1 [
50 F Py 20 [
oLt v o R N 0""'. e b ]
$20 522 524 526 528 530  —0.05 0.00 0.05 0.10
(©) Mpc (GeV/c?) (d) AE (GeV)
FIG. 1. M,, and AE distributions (data points with error bars)

and fit projections (solid lines) for (a)-(b) B® — D" D~ and (c)-
(d) B® — D**D™ decays. The dotted (dashed) lines represent
projections of signal (background) fit components. A [AE| <
30 MeV (M, > 5.27 GeV/c?) requirement is applied in plot-

ting the M,.(AE) distributions.

D*D
App = +0.06 = 0.05 = 0.02,
Spp = —0.78 = 0.15 = 0.05,
Cpp = —0.01 = 0.11 = 0.04,
ASyp = —0.13 = 0.15 = 0.04,
ACpp = +0.12 = 0.11 = 0.03,

R. de Sangro (LNF-INFN)

8D+D_

Cprp- =

D*D-
~1.06+921 + 0,08,
—0.43 £0.16 = 0.05,

May 19-24,2013

Belle BO—=D(*)*D-

Events /1.0 ps

Raw asymmetry

40

30

Events /1.0 ps

20

10

Y:
0.8 F
0.4F
0.0 F

—0.4F

—08f

Raw asymmetry

(b) At (ps)

FIG. 2 (color online). Top: At distributions (data points with
error bars) of (a) B = D*D™ and (b) B° - D**D™ + B" —

D*~ D" candidates associated with high quality flavor tags (r >
0.5). The lines show projections of the sum of signal and back-
ground components in the fit. The signal purity for r > 0.5 is 69%

(66%) for B> — D* D~ (B — D**D*). Bottom: The CP asym-,N,/N)
metry obtained from the above distributions and projections. (- ==

FPCP 2013 - Buzios, Brasil
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on BR’s

Systematic uncertainties

on CP asymmetries

TABLE II. Summary of systematic uncertainties in the time-dependent CP asymmetry parameters for B® — D"D~ and B® —

D**D™ decays (in units of 107?).

Belle BO—=D(*)*D-

TABLE I. Summary of systematic uncertainties of the B® —
D™D~ and B’ — D**D~ branching fractions (in %).

Source D™D~ D*=D~
Track reconstruction efficiency 2.0 4.1
K¢ reconstruction efficiency 0.7 0.7
7 reconstruction efficiency 3 1.6
K/ selection efficiency 5.5 5.3
Event reconstruction efficiency 1.0 0.1
Continuum suppression 4.1 E
Fit models 1.1 0.6
D branching fractions 4.3 3.9
Number of BB events 1.4 1.4
Total 8.6 8.1

Source Spp- Cp+p- App Spp Cpp ASpp ACpp
Vertex reconstruction 3.6 2.2 1.3 2.5 2.3 2.4 2.3
At resolution function 6.5 2.4 0.4 3.5 1.1 1.9 0.6
Background At PDFs 2.7 0.5 0.2 0.7 0.2 0.5 0.1
Signal purity 1.2 1.8 0.2 0.9 0.4 0.3 0.2
Physics parameters 0.7 0.4 <0.1 0.2 0.1 0.2 <0.1
Flavor tagging 0.7 0.6 <0.1 0.4 0.3 0.3 0.2
Possible fit bias 0.8 0.2 0.6 0.8 1.1 0.8 0.5
Peaking background 0.3 0.9 0.4 1.3 0.5 0.8 0.7
Tag-side interference 1.4 3.2 0.2 1.1 3.1 0.9 0.6
Total 8.2 5.1 1.6 4.9 4.3 3.5 2.6

R. de Sangro (LNF-INFN)

May 19-24,2013
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Belle BO—D*+D*-

Systematic uncertainties

TABLE III. Systematic errors of S, A, Ry, and R .
S A R, R,
Fit model +0.002 <0.001 *=0.010 =0.003
Physics parameters +0.004 =0.001 =0.001 <0.001
Flavor tagging +0.003 =0.002 <0.001 <0.001
Tag side interference +0.007 *=0.032 *=0.002 =*=0.001
At signal resolution +0.021 *=0.006 =0.001 =0.001
Reconstruction efficiencies <<0.001 <<0.001 =0.002 =*0.001
Vertexing +0.017 =0.021 *=0.004 =0.004
Total +0.029 *0.038 *0.011 =0.006

e Tag-side interference: interference
between Cabibbo-favoured b—cud
and doubly-Cabibbo suppressed
b—Cud decays of the tag B

O. Long, M. -Baak, R.N. Cahn, and D. Kirkby, Phys. Rev.

D 68, 034010 (2003).

R. de Sangro (LNF-INFN)
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N
BaBar BO—D*+D*- Partial Reconstruction

Kin Fit Result - DATA At Fit Result and Raw Asymmetry

| mRec - on Peak I I — | FISher15 on Peak I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT A r | | | | | | T
‘<“ E I . c : I E g C s ]
700 > 700 # - 700 -
§ o ' BABAR E - n .
@600} J600F gEg 3 ~ = E
o r 7)) r . ~ 600 | -
=500 ©500F - (2] - .
o r 2 ¢ 3 c 500 ]
400 L1400F 3 g . :
= f - - ]
gzoo‘ 200F = 300 —
wl C C ] = ]
100 100F 3 - .
: : : ' 200 -
0 0k - .
184 1845 1.85 1855 1.86 1865 187 T 0. 1005 =
Myec - ]

8

1 ©

ImRec OffPeaklIIIIIIIIIIIIIIIIIIIIIIIII |F|sher15 offPeakI
N ' 1
S 18
S F 3 =]
3 75 E o > 0‘25_ T T T T T T T T T T T T T ]
G 4 3 gt [ C -
E ] ~~ e il ]
5 F 1 o o 02F =
=] S5F # 3 c E - 3
o 3 Qo = 0.15 —
- 4 a M e 3 > C | —e— -
~ . w > - ]
N 3 o B ; 0 01:_ E
IS 3 < = " —o— | 3
Q 2 B EARESIRES - 005:_ //_ E
: z JEP et | :
11..@&.,“ »L * : OFe— I =
: i o -.-uI«M ) '“" - / —— / =
0E= < s L -0.05F T 3
1841845185185516 - e —— ]
0.1 E
0.15F —
Lepton Tags 02F E
- 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 -
C =+40.20£0.15 RN R

S —0.21 + 0.20 [PRD 86 (2012) 112006] At (ps)

ININ
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Evaluation of Systematic Errors BO—D*+D*-

kaon tags lepton tags
Systematic source C S C S
Kinematic fit parameters 0.013  (0.034) (0.023)
Continuum At fit parameters 0.002  0.001 - =
Signal s, 0.0002 0.0007 - -
BB Combinatoric sy, 0.0007  0.001  0.005
Signal tagging dilution: tag side (w) 0.012 0.002 0.002
Mistag difference (Aw) 0.007 0.0004  0.007  0.0009
Signal tagging dilution: CP side (apo)  0.006  0.017  0.002 0.002
Peaking background 0.0002 0.0003 0.0002 0.00004
Fit bias (MC statistics) 0.011  0.018  0.012
Tag interference from DCSD 0.002 - -
BY lifetime variation 0.0002  0.002 0.0003 0.004
Amyg variation 0.0003  0.001 0.0004 0.002
SV'T misalignment 0.003  0.007  0.002 0.004
Boost uncertainty 0.002  0.006  0.005 0.007
Total 0.042  0.062  0.028 0.061

() = top contributions

R. de Sangro (LNF-INFN) May 19-24,2013 FPCP 2013 - Buzios, Brasil 18



Analysis Method R

Probability Density Functions BO—D*+D*-

e Overall PDF for the on-Peak sample is the sum of three components

signal BB combinatoric
Fon = fBE [fsigpsig + (1 - fsig)Pcomb] + (1 - fBE)Pfﬁ Fotr =P(1?1

BB continuum

e Each component is the product of a kinematical and a At part
Pi(myec, F, At, oAt Stag) =
M‘i ("-""I‘OC) fz(F) Tz,(Af' TAt s St,ag)
“KIN” “At”

® At PDF T;(At, OAt, Stag) — /dAttrue T%(Attruey Stag) Rz(At — Attruea UAt)

Tie = ﬁ e~ | Aterue| /T {(1 — Stag Aw(l — o))+
e Signal At: + Stag (1 = 2w) (1 — )
[C COS(A"”(IAttrue) + S Sin(A"'ndAtt.rllO)]}
g ~ 28m(N) 1= AP y = ¢ A
1+ A2 I EP\E - p A

R. de Sangro (LNF-INFN) May 19-24,2013 FPCP 2013 - Buzios, Brasil



N
AnalYSlS Varlables BO—D*+D*- MC dlStrlbUthnS

3000 T T T e

. % **%w bbby g w%* i
® Recoll Mass, Myrec ézoooj'*w“omu'w@., _-1"1.‘" »;; ]

e Signal peaks at D° mass g @ Sum S
_ . . . o . BB -

e Backgrounds from BB combinatorial and continuum ool @ Signal

q doesn’t i 3 |

qaq | @ qg e
e Separate PDFs for different sample components: TR T T T T T ',,1',.“‘”‘“'*”“"*"‘**_

i - . . _ . (te:e:e:0ie:0:0:0:0l0:0:0:0:0.0:0:010:010:0:0:0 | , | | 1 | 11
Signal, BB combinatorial, qg continuum 154 1845 1.85 1855 186 1865 157

m,.. (GeV/c?)

e Require mrecz1.835 GeV/c?

e Fisher Discriminant based on event shape
variables

e Help discriminate between spherical BB and jet-like
continuum qQ events

® No cut: PDF used in fit
e Separate PDFs for BB and continuum
e Time difference At

e Separate PDFs for all sample components

e Tagging based on single track (K or Lepton)

e Additional dilution in partial reconstruction analysis
due to tagging tracks from missing DO

® (1-a), where a is the fraction of tags from the
unreconstructed DY
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Backgrounds and Event Selection
Event Selection BO—D*+D*-

4.7 Event Selection Summary

This is a summary of cuts used in our selection of events.
e Cuts in 7°(4S5) center-of-mass on D* and soft pion momentum, and missing D” mass::
1.3 GeV/e < pp- <2.1GeV/e
pr < 0.6GeV/c

e Continuum rejection cut:

(azos )

e “Quality” cuts on reconstructed D* (see Sec.4.3):

(P”’Zf and PPy > 10—2)
Dch yes :|Qp+ — Qpoc| = |Mp+ — Mpo — My — 6 MeV/c?| < 1 MeV/c?
Dch no :|Qp+ — Qpepg| = |[Mp+ — Mpo — M, — 6 MeV/c?| < 1.5 MeV/c?
|Mpo — Mppg| < [1. — 1.5] - 0 MeV/ 2

e “PID” and flight-length cuts on Kaons in D° mesons (see Sec. 4.3)

e Slow pion dF/dz cuts:

0.25
- <0.150GeV/c? :  dE/dx (MeV > 1.0);
ps— e/C /CC( € /Cm) —((pﬂ_s_oogo)—'— )
0.150 GeV/c” < pr, < 0.500 GeV/c” dE/dx (MeV/em) < ((p ) + 2.0);
e Missed DV cuts:
lcos(0pp+)| <1
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BRVEIVSTRY EL I Flavor Tagging and Decay Time Measurement

Tagging BO—D*+D*-

e Mis-tag due to unreconstructed DO tracks

Tag Kaon
Decay Sidc

D"
. D’ K’

P.Reco B

e This introduces an additional dilution D=(1-a), where a is the fraction of

tags coming from the missing DO

e This fraction can be obtained from data with some input from signal MC

e (Can be reduced with a cut on the cosine of the opening angle between

the tagging track and the missing D° direction 6Biag

COS(qtag) cut<0.75

cos(Qtag) cut < 0.5

| Lepton tags from D | hLTagsD [Kaon tags from D| hKTagsD
160 T T [TTT [T I T[T T[T T T[T 7T Entfjles 2120 T TP TT T TTTE T Entries 31160
- 1000 —
140F « »”
- lower” «——
120f 800~ 4
100{
600 =
80 B (13 3
- - greater
" 4°°MW“"WWM
a0 I
r 200 L'I
20—
0— I. I I I 1 I 1 I I l ] 0— 1 11 1 11 1 l 11 1 l 11 1 l 11 1 l 1'1 l 111 l 1
1 -08 06 -04 02 0 02 04 06 08 1

)1~08 -06 -04 02 0 02 04 06 08 1 )
c0s(qtag)

Figure 2.1: Signal Monte Carlo distributions of cos(dtag) for tracks from the missed DY (black) and
from the other BY (red); lepton tags on the left, kaon tags on the right.
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sin(2B) = 0.679 + 0.020

(HFAG average)

[ 1.5IIIIIIII|IIIImIIIIIIIIIIII_
I: i UTfit : | excluded area has CL > 0.95 \i i
1= ICHEP12 - i
i 1.0 — -
0.5 05 )
0 < 0.0 :_OL """"""""""""""
05
-0.5 B
- -1.0 :—
_1 E Winter12I Y i | | (excl. at CL > 0.95) :
%0 05 00 0.5 1.0 1.5 2.0
-1 -0.5 0 0.5 1 —
D P
“Tension” <~30 between the SM fit sin2[3 prediction and the measured value
b . UTfit CKMfitter
arameter prediction measurement | pull prediction measurement pull
(°) 875+ 3.8 914461 | 4+050 927 88.7 1z —1.00
( sin 23 0.809 £0.046 | 0.667 £0.024 | —2.70 | 0.820 5052 0.679 £ 0.020 —2.60)
) 678 L 3.2 Do E105 | 10.70 67.2 g¢ 66 15 —0.10
Vi (1072) 3.62+0.14 3.824+0.56 | +0.30 3.55 013 3.924+0.094+045 | 000
Vi (1073) 42.26 £ 0.89 4141 —090 41.3153% 40.89 £0.38+0.59 | 0.0¢0
£, (1073) 1.96 £0.20 | 2.22940.010 | +1.30 2.027925 2.229 + 0.010 0.00
Amyg (ps™) 18.0+1.3 17.694+0.08 | —0.20 17.0 t21 17.731 4 0.045 0.00
B(B — 7v) (1074 0.821 £0.0077 | 1.67+0.34 | +2.50 | 0.7331012 1.68 4 0.31 +2.80
Bs rad (*) 0.01876 £ 0.0008 0.01822 T 5o0ss
B(B® — pp) (1079) (%) 3.4740.27 3.64 703
LHCb arXiv 1208.3355v3, May 2013
May 19-24,2013 FPCP 2013 - Buzios, Brasil
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