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sin(26) in B = DD~

m B® — DTD~ is sensitive to sin(23)
m not as sensitive as other channels though..but interesting for other reasons!:

m tension between Belle and BaBar

+ -
D' D S

CKM 2012

D'D C,

CKM 2012

PRELIMINARY PRELIMINARY
BaBar N A -0.63 +0.36 + 0.05 BaBar 007 i 0.23+0.03
PRD 79, 032002(2009) PRD 79, 032002 (2009)
Belle H C B -1.061*02} = 0.08 Belle X -0.43 =0.16 £ 0.05

y A : F
PRD 85 (2012) 09110 PRD 85 (2012):091106
Average 0.98£0.17 Average -0.31=0.14
HFAG corr HFAG corre\ate:d average
1.8 1.6 1.4 1.2 -1 0.8 0.6 0.4 0.2 o 0.2 0.4 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 o 0.2 0.4

1See arXiv:1505.01361 or Kristof De Bruyn at “B20C Time-Dependent workshop, Padova, July 2015”
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m B® — DTD~ is sensitive to sin(23)
® not as sensitive as other channels though..but interesting for other reasons!

m tension between Belle and BaBar

m measurement of CP violation parameters in B® — DTD~ and B? — J/K together
provide handle on penguin contributions in B, — D,D, systems

~~ necessary to measure ¢s in BY — D Dy

25(By — Dy D)
A& (B, — Dy D)
Ga(Ba — J/YKY)

AE(B, — D; DY)
Adp(B, = D; DY)

Penguin:

(a.0)

U-spin U-spin
(minimal)

(] [ o]

1 Quantity is Theoretically Clean =2 Affected by U-Spin-Breaking Effects

1See arXiv:1505.01361 or Kristof De Bruyn at “B20C Time-Dependent workshop, Padova, July 2015”
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Analysis details

signal channel

m final states:
s B - DN (K ataH)D " (Ktn—n7)
s B® o DHF(KFKErH)DF(KEnTrT)
adds ~ 20 % signal yield
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m ~ 1435 BO yield
m ~ 346 B? yield
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rory  A\nalysis details

signal channel

control channel

m final states:

a B® — DK~ ntnt)D~ (KTm=n~) m final states:
» B® o DE(KFKE7H)DF (KErFrT) = B - DH(KFTKEAH)DF (KErTaT)
adds ~ 20 % signal yield
~ : =
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= O(10000) BO yield

B o
e LSS IET il = O(100) B yield
m ~ 346 B? yield

m statistics increased by factor 2.5 over first analysis at LHCb!
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Backgrounds

m when adding KK to the analysis, we observed something unexpected
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m fixing the B? width to the width from K7 does not describe the data
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Backgrounds
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m when adding KK to the analysis, we observed something unexpected
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m fixing the B? width to the width from K7 does not describe the data

" ~ =u

fixing the BY width and yield to the expected values requires an additional component
background sitting exactly at the signal peak!

these are B — DKK7 decays not going through a second D meson

veto by requiring D flight length significance
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Tagging
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m expect to be statistically dominated v 30005 ‘ LHCb
Lo s e 3 E
— need to optimise statistical sensitivity 2 £
. o 2500
m use all available taggers o~ £
including new (uncalibrated) taggers g 2000~
= use B — DD E cob
5 E
m flavour specific final state g =
1000~
— know B flavour at decay E
— fit oscillation amplitude to obtain mistag rate 500
Ax1l—2w E
= 5F

v BY oscillation is slow = damping from time e
resolution not an issue

v clean signal = little to no complication from
background expected
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Tagging calibration in
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i 1s B® = D_D the right channel?

B® — DD~ B — DtD~

omega_0S_3 omega_OS_5

omega OS 5
Entries 8811
2/ ndf 29.52/39
Proh 08639
po 0.3464 + 0.0050
1 0.8684 + 0.048!
p2 (fixed)=0.36

omega

\, ota )

v Taggers perform the same on the signal and the calibration channel
m tagging efficiency
®m mistag rate
m mistag rate as a function of predicted mistag rate (plot)
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LY Tagging calibration in data (standard opposite side taggers)

m proof of principle: look at standard opposite side tagger combination

[ Asymmetry projections |
1

©

TT[TTTTIT 77T

Asymmetry
o o

m we see an oscillation in data
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Tagging calibration in data (standard opposite side taggers)

m proof of principle: look at standard opposite side tagger combination
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m we see an oscillation in data

m divide the the data according to
predicted mistag probability

m fit oscillation in each category
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Tagging calibration in data (standard opposite side taggers)

m proof of principle: look at standard opposite side tagger combination

Calibrazione_OS

0.4

0.3

0.:

N

0.

e

X2 I ndf 1125/3
Prob 0.771
PO 0.38020.00786
Pl 0.9833%0.08259
p2 03669+ 0

epsilon_eff=3.18+-0.05%

m we see an oscillation in data

m divide the the data according to
predicted mistag probability

m fit oscillation in each category

v’ predicted mistags are accurate

u po X p2
mp 1

o

0.1 0.2 0.3

w = po + p1(n — p2)
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%nmu ﬁng sin(28) /)
| Tagging calibration in dat t s
shey: agging calibration in data (new taggers) (S
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Calibrazione_Proton
5 v first calibration fits are there

Lot e v hich tagei .
B osasoomms very high tagging power (expec
R bane o

combined ~ 6 %)

i why is x2/ndf so good?
— need to understand systematics!

m sWeights
m acceptance effects
| | | . . m remaining background
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BO mixing

One short item in between
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= BY oscillation frequency measurement with BY — D(*),uu

Fit projections: B’— D* 'y,

e Time/asymmetry projections for 2012 sWeighted data

To#
) g
. pa
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énmu ﬁTl]lé BO yni)dng ' N:J
2 5 . .
gresd  One short item in between Lo e

ALEPH . 0.446 +0.026 £0.019 ps™
(3 analyses) =
i 0.519+0.018 £0.011 ps™
(5 analyses)
L3 A 0.444 £0.028 +0.028 ps™
(3 analyses) =

. 4
m world’'s most precise Amgy measurement (5 anchraes) 0479 +0.018 £0.015 ps

v shown at EPS as CONF note
(0.5036 & 0.0020 % 0.0013) ps—*

0.495 £0.033 £0.027 ps"

boe
H_._H 0.506 +0.020 £0.016 ps"
b
i
!

0.506 +0.006 +0.004 ps™
m paper in preparation 0.509 £0.004 £0.005 ps”
. 4
this might be the last Amy for a long @ik, R e
time. It must be done as good as we can! P — OsUsS 0 000
after adjustments H
CLEO+ARGUS - 0.498 £0.032 ps™
g llleasl:;’emellls) »
World avera%e H 0.5055 +0.0020 ps"
Summer 2015

I I 1 I
04 0.45 0.5 0.55

" HFAG average 1
without adjustments Am, (ps™)
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m long standing tension between exclusive and inclusive measurements

m so far only one measurement from LHCb: Ay, — puv

PDG Exclusive Inclusive
version T T T

2004

2006 R

2008 —_——————

2010 —_———— e

2012 —— ——

2014 —— -

1 Il 1
0.003 0.004 0.005
\%

ub
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Inclusive

Exclusive
(B—nlv)

LHCb
(N5>puv)

PDG
2014

PDG 2014

arXiv:1501.05373
(RBC/UKQCD)

arXiv:1503.07839
(FNAL/MILC)

arXiv:1503.01421
(RBC/UKQCD)

0.003 0.0035 0.004 0.0045 0.005
IV, |
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long standing tension between exclusive and inclusive measurements

so far only one measurement from LHCb: Ay, — puv

B? — Kuv may become the second channel

v’ theoretically well studied
plots from arXiv:1501.05373

L L L L n n

.
= statistics .

"B © . 120 BK mm statistics

+ mm ohalcontinuum extrapolation + == chiral-continuum extrapolation
- > Y  lattice-scale uncertainty

250 :
= fS"J@ZZ}’Z‘L‘I.’L':ﬁ?;S 10 = renormalization factor i
= L and gluon disoretizat = HQ discreization errors

g0 other sydtomatics 14 & 80 LQ and gluon discretization errors —
= 4 SO other systematics X
1 S oL o
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= E 8 g
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expected uncertainties

comparing to Ay, — puv

= normalising: B(Dg — KKm) better known than B(A: — pKm)

m production: fp ~ 2fs

m no background from D decays in A}, analysis

Paul Seyfert (INFN MIB) Attivita di analisi a Milano Bicocca LHCb Italia 2015
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expected uncertainties

comparing to Ay, — puv

= normalising: B(Dg — KKm) better known than B(A: — pKm)

m production: fp ~ 2fs

m no background from D decays in A}, analysis

Backgrounds: a challenge we attacked already

m any N-body B decay with at least one 1 and one K is a background
s BT — JKT
s B - D (K + X)pv
s BY = J/pK*
O o

— need to veto these

Paul Seyfert (INFN MIB) Attivita di analisi a Milano Bicocca LHCb Italia 2015




Background vetos

FmONVIIN

m backgrounds can be H, — Ku + X where X contains at least one more charged particle

— we should be able to find X

Isolation variables

m once developed in Marseille for BY — uu (reject backgrounds)

m further improved with a BDT in Milano Bicocca for 7 — pup (reject partially
reconstructed backgrounds)

m (approach also taken by Matteo Rama for B — pu, as seen yesterday)
m retuned for Amg (distinguish B+ from B?)

Paul Seyfert (INFN MIB) Attivita di analisi a Milano Bicocca LHCb Italia 2015 16 /
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m backgrounds can be Hy, — Kpu + X where X contains at least one more charged particle

Background vetos

— we should be able to find X

— Signal — Signal
—B' > JyK* E — B> JyK*
— B Jly ¢ e —B—>Jly o
—B—> D pv o8l —B—> D pv
csf—
c.Af—
03—
02
] o
B | | Tl . L B .
0 1 2 5 6 0 4 6
Bs_iso_muon Bs_iso_Kaon
—B- Uy o —Bodye
02f | — Signal —Signal
o [—B'— JyK* —B-JyK
ot [—B—=>Dypv —B—Duv
014
0.12
0.1
0.08
0.06
004
0.02
16 14 12 1 -08 06 —D‘J
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Background vetos

m backgrounds can be Hy, — Kpu + X where X contains at least one more charged particle
— we should be able to find X

Isolation variables

m once developed in Marseille for BY — uu (reject backgrounds)

m further improved with a BDT in Milano Bicocca for 7 — pup (reject partially

reconstructed backgrounds)

m (approach also taken by Matteo Rama for B — pu, as seen yesterday)
m retuned for Amy (distinguish BT from B?)
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m backgrounds can be Hy, — Kpu + X where X contains at least one more charged particle
— we should be able to find X

Isolation variables

m once developed in Marseille for BY — uu (reject backgrounds)

m further improved with a BDT in Milano Bicocca for 7 — pup (reject partially
reconstructed backgrounds)

m (approach also taken by Matteo Rama for B — pu, as seen yesterday)
m retuned for Amy (distinguish BT from B?)

J/b veto w/o isolation ) veto w/ isolation

— B> Iy K"
- gs - JI/‘“ @ [ — Signal
£ — Signa 3
oz A ol —B iy o
£ £ —B—~>D,pv
osf —B;~ D, uv 3 s D
£ 04f-
o015~ [
[ 03
oaf- [
E 02f-
005l [
L o1
L. L L L 1 B
106015653000 3560 3000 3500 4000 4500 5000 el
Bs_MuMu_M_bestchi2 &30 3000 3500 lﬂ()g 4500 5000

s_Mublu_M_iso
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More on flavour tagging
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m need to ensure that taggers work on 2015 data
m use B — D*pv (as in Amg analysis)

008]

06|

005|

004

003)

002]

003

0025

002|

0015

FMONVIIN A

More on flavour tagging

Tagging in 2015

2012 Bd pT 2012 nTracks
Entries 781241 Entries 781241
£ Mean 8577 Mean 166.2
E o + StdDev 4340 StdDev 7371
3 * ‘ 20156dpT 2015 nTracks
T * Entries 2338 Enies 2338
E 4 Mean 9379 Mean 157.9
E * *ﬂ Std Dev 5068 Std Dev 6587
,f *ﬁﬂ
j M, el |
\DADB ZDADD 500‘00 60000 |0‘0 \;D 230 2;0 CW‘O 350 60‘0 65‘0 500
20150S 0 2015Bdp
[ | Entries 2338 F Entries 2338
Mean  0.3683 F Mean  1.344e+05
Std Dev_ 0.0898 *C StdDev  7.77e+04
E E [
201208 © ~ e 2012Bdp
L |Entries 781241 g L Entries 781241
Mean 0371 oL Mean 12270405
[ [StdDev 009159 | r SidDev_7.081e+04

Paul Seyfert (INFN MIB)




3 2

g

EpECLLSTUD!
g z
z £
H z
g g
BICOCCA

More on flavour tagging

oscillation already visible in 2015!

Bd_TAGOMEGA_OS_h

el |

OS u
OSe
OS K
vertex
charm
SS«
SSp

€=17.28+0.26%
€=229+0.15%

I N N NS NN ST N e
01 015 02 025 03 035 04 045 05

€=1482+0.35% w = 38.08
€=1949+039% w=39.24
€=231.84+046% w = 36.88
€=34.05+047% w=44.77
€=7853+041% w=46.21
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w=29.53+0.37%
w =30.45+0.55%

o
>

Asymmetry

o
=

H+~§jw”w
f

-0.

!
s
=

[ —+—

,_i

=]
"
]

——

~
IS
o

+0.17% eer= 0.84£0.02%
+0.15% eer=0.90+0.02%
+0.17% eer=2.19£0.04%
+0.05% eer=0.37£0.01%
£0.07% eefr = 0.45+0.01%

Attivita di analisi a Milano Bicocca

Eeff = 1.22 +0.05 %
geff = 0.35 £ 0.02%

14
tlps]
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m The track reconstruction has a high fake rate at LHCb
(although, it depends on your signal and selection if you'll ever see them on ntuples)

T — ppp background in MC (LHCb-ANA-2011-100)

10°

10?

10

Mgy by, Mg My Seho MKy Mo, Tapg bty Ko fag HXy My ey TRy, X1, Kk, fxy kg MKy TX,
W rgfdhar 1 TehosfKe ek 2ufii K2ofizk Wl T gflerclidiic KKy TR Mhox Mg
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Tracking

m The track reconstruction has a high fake rate at LHCb
(although, it depends on your signal and selection if you'll ever see them on ntuples)

® fakes are a combinatorial background in analysis
V' cut offline on _TRACK_GhostProb

® fakes are bad for the trigger bandwidth

® fakes are bad for CPU time in HLT

m RICH PID for fake tracks
m vertex fits for combinatorics with fake tracks

— use _TRACK_GhostProb already in the HLT

Paul Seyfert (INFN MIB) Attivita di analisi a Milano Bicocca LHCb Italia 2015
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Tracking
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Tracking

m The track reconstruction has a high fake rate at LHCb
(although, it depends on your signal and selection if you'll ever see them on ntuples)

® fakes are a combinatorial background in analysis
V' cut offline on _TRACK_GhostProb
® fakes are bad for the trigger bandwidth

® fakes are bad for CPU time in HLT

m RICH PID for fake tracks
m vertex fits for combinatorics with fake tracks

— use _TRACK_GhostProb already in the HLT

X validation cannot wait for stripping and analysts to test it in their selections

Paul Seyfert (INFN MIB) Attivita di analisi a Milano Bicocca LHCb Italia 2015
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test cases

D — Kz from the TURBO stream Kg — mm with downstream tracks

3500 :
'S T T T
§3000 E M LHCb S downstream tracks — Kswioany ghostprob
] - preliminary g 3000[-2015, 25ns —— fakes remove in Brund 1
= 500k hd b remaining candictes
< 0 D gt
——dl D’ Kt = it
g 0% - g P o
8 o ——fakes £ 2000f -
.'S 1500F . % i Wﬂ*ﬂﬂyﬁsﬁ“ .
2 1000 he g
§ .0‘ he 1000 o w\‘_‘_“_ﬂ. Aot
500 fo-e--00-g-0-00-0 AT E o pitosmamen g™ o
S0P b becosovenas:
oo 1850 1900 R 500 520
My [MeV/c] M [MeV/
(ee) (reprocessing runl) Z — pp (Stephen Farry)
- 10
1200 : , - T . .
@ i [E— ! S
3 1000 3 P,
[ passing ghostprob<0.3 (downstream electrons) 0.98F
3 %‘@ H } E
R ]
g 0.92~
S 400 %%@ E osE-
2 ‘GhostProb < 0.4 (2015 Data)
§ 20 X VT 088 Bak e
B e, __;\,‘M_ AN P s sk HH +. GhogProb <04 (zmzmm.
5000 5500 6000
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Tracking

Conclusion
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sodwios2p<0
ek i o35

>
(1v0) 03
0z
01

Inclusive [V B (HFAG 2014) 004 02 00 02 04 06 [ o

m we're attacking the CKM triangle from three sides

v' Amg done
m sin 23 ongoing
m V,, started

m reuse gained tools and expertise in new topics!
m focus on B20C and SL
m combine tagging and analysis efforts!

= (not mentioned today) Wbb and tt production
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