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Unitarity Triangles I * The LHCb will improve the

precision on CKM parameters and

S will look for new physics in rare
y decays
* Most of the key measurements
B’ — DK™ i
ByoDK wo—ayke| FEQUIre the knowledge of the
initial flavour of the B meson
VigVad : :
VoV, * — B, oscillation frequency, phase and
Al (B,~Dg, )/W0,)/Wn, n0)
tsvus
""" fal B — Measure the CKM parameters
By’ = JAp ¢ * B with B,—J/yK; as a proof of principle
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LHCb overview
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Flavour Tagging

* Flavour Tagging is the procedure to determine the
flavour of the reconstructed B meson at production
time

* Tagging algorithms are usually classified into two
groups: Same Side and Opposite Side

K* (%)

. N, +N,
““ N,+N, +N,

Same Side

&
Opposite Side

NW
N, +N,

a):

R = right tagged
W = wrong tagged
U = untagged

Taggers
OS: muons, electrons, kaons, vertex charge

SS: kaons (B) or pions (By )
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and dilution

 The tagging algorithms may fail in identifying the flavour so
that the observed CP-asymmetry is diluted wrt the true

asymmetry
000 F e Expected unmixed B,—Dgn* sample in
| 'i:ﬁ'st"*ts:g'“t“" andtag | one nominal year of LHCb data taking
700 {] --- realist. tag+resolution ] 2 300[—
600 || - realist. tag+res+BG+acc 3
200 +—
500 Am, =25ps™"
400 100 |—
F @
300 — "
200 0 1 2 3 4 5 6 t Tos]
100 - )
0 Ep = E4e(1-20)

* The statistical uncertanty on the measured CP asymmetry is
directly related to the effective efficiency
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Opposite Side taggers

* Opposite Side taggers exploits the anti-correlation in
the flavour of the two B produced in the same event by

looking at the decay products of the opposite B

-
b
-
-

i yertex charge Pt of K(OS)
Tagging B(b) | | Right t
. [8 ags
v Wrong tags

+ ot

Mo

-5 S5 I 5 i =

Kinematic and geometrical variables
(significance of impact parameter, P,
Pt,...) show a dependence in purity b
of right vs wrong tags. Find the i (Wi
optimal cut which maximizes the
effective efficiency.

’
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 Same Side taggers exploit the correlation in the charge
of the mesons produced in the fragmentation chain of

the B signal
Hadron from fragmentation (K*x*) - —
or B** decay (r) b /
/ d —
Signal B C:E C:s
/= Sio S
< ~— .

B, — D, K

K from fragmentation
Other sources

Particle selection and proximity cuts
Wrong tagging

to signal B are applied

|

25 3
[¢(B)-0(K)|
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Combination of taggers

* The final decision is taken combining all the individual
tagger decisions (if there is more than one)

— Neural Net: a wrong tag probability is computed for each of the
tagger candidates using a Neural Net (NN). We combine them using
a probability function or another NN

— Particle Identification: Sort the events based on the particle
identification of the track

* For each event, a wrong tag (w) probability is computed.

 The events are sorted in 5 tagging categories of decreasing
w, to avoid mixing events with different dilutions. This
improves the overall tagging performances and the
corresponding precision in the CP fits

LHCD
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Monte Carlo Results

* Expected results from Monte Carlo

Tagger e% | 0% |€q P BS — JAp ¢
OS Muon 5.1 29.9 0.8
OS Electron 2.5 28.1 0.5
OS Kaon 18.8 36.4 14
SS Kaon 19.0 354 1.6
OS Vertex Charge 23.2 39.4 1.0
ce% | 0% | e, %
Combined tagging B—>Dx | 607 30.9 8.6 + 0.2
performance for different
channels (Differences can B,— JJWK*| 53.2 35.8 4.3+ 0.1
be due to B spectra, B
. B : 4.4 5+ 0.
trigger, etc) — 56.8 3 55+ 0
LI‘ICb B— J/WK*| 53.1 36.1 4.1 £ 0.1
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e Test tagging algorithms with real data

* Use control channels to optimize and calibrate the
taggers

e 2010 : collected 37pb in different trigger/pile up

conditions.
Channel Statistcis
(37pb1)
Count Count n. of right and
B*=>J/WK* 14k (MC) tagged wrong tagged signal
events events
Count

Fit the time evolution.
Obtain mistag from B9,
oscillation amplitude

tagged

0 *—p 1+
BO,>D*utv 60k 03
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Taggers calibration

Optimize Flavour Tagging cuts per tagger in one

channel (B°;>D* u*v)

— Study trigger dependencies

Split in tagging categories to improve performances.

Measure the tagging performances in statistical

independent samples (B%;=>D*u*v and B*->J/WK?*)

and calibrate NN, and mistag probability per event

— Verify calibration in a statistical independent sample (B°>J/
PK*)

Use the calibrated mistag per event in the extraction of

physics parameters

— (e.g. the weak phase ¢ ; in B, 2> 1/P¢)

LHCD
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Taggers optimitzation

* Tagging cuts have been optimized in MC

* Running on real data give worse performances, induced
by some variables which are not calibrated
First fit on oscillation was done for first data (3.5pb?)

— Background not taken into account
— Consider only events B, D*[D° (km)n™ Ju*v

— Consider all events in mass window of D*-D? as signal

Mass (D*-D9)
: 3.5pb" | €% 0% |eD?*%
m 5.6 31 0.8+0.3
e 3.0 29 0.5+0.3
K 22.4 38 1.320.3
Vix 44.8 46 0.30.1
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Opposite Side performances

* Use B%—>D* u+v channel
e More data has been collected

 Measure tagging performances with a detailed fit to
account for different background sources

D2 O/ [ Flavour Oscillation signal region |
€ ° @
) LHCb Prelimi
14pb-1 8% (D% 8D2 % ( ) g N \E=7T:I|mmary
mcC B
fof
u 6.8+0.2 3343 0.8+0.2 0.940.1 g‘ °-"_ /
2.0+0.1 41+4 0.1+0.1 0.4+0.1 or T\:
K 20.2+0.4 40+1.6 0.9+0.3 1.70.2 2.1 "i_/'_‘
Vix 28.4+0.4 441 0.4+0.2 1.0+0.1 02f
N U PR BT BTN P VI BT P A
All OS 40.7+0.5 411 1.3+0.3 2.7+0.2 0 12 3 4 5 6 7 pr:p"“:'e (p:)o
LHCD
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2010 Runing conditions

* Evolving trigger conditions to accomodate increasing
luminosity

* More primary vertices than in original design
— Higher number of PV induces a lower tagging performance

. B0, > D*utv €% ® % eD? %
| nr of primary vix |
04F PV =1 6.4 31.9 0.8+0.4
E 3.5pb!, PV=1.4 ;
: 14pb™1, PV=2.2 PV >1 6.5 38.1 0.420.2
0.25;— PV =1 18.9 40.2 0.7+0.3
0.2F ] K
g PV >1 21.5 41.8 0.620.3
0.15_—
0E L PV =1 26.5 45 0.2+0.2
= PV >1 30.6 46 0.210.2
o( 2 3 4 L 6 7 8 9 10
All PV=1 38.4 41 1.420.3
0OS PV >1 42.6 44 0.620.3
LHC[‘Q
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Combination of taggers

The final decision is taken combining all individual
tagger decisions

Onesample 42.0+0.3 41.8+0.6 1.13+0.17
5 categories 41.8+0.3 39.81£0.6 1.73 £0.20

— Still lower than the Monte Carlo expectations (eD?=2.5% )

— Already above current CDF opposite side tagging
performance (eD?=1.2 £ 0.2%)

— Sorting events in tagging categories enhances the tagging
power by ~50%

The future introduction of same side tagging should

nearly double the total effective efficiency
LHCD
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Conclusions

* Flavour tagging is a fundamental ingredient for B
physics measurements in LHCb

 LHCb can already tag the flavour of B particles!
Although effective efficiencies are still ¥~50% the MC

expectation

 We are currently working on improving the tagging
performances and calibrate the tagging response

* Tagging depends on a very large number of variables
(track multiplicities, number of primary vertices, etc)

Thanks to: M. Musy, M. Calvi, S. Vecchi, S. Furcas, O. Leroy, et al.

LHCD
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Vertex Char er

* The charge of secondary vertex will give as the flavour
of the B

— Select tracks from OS and build a 2-track seed

2
] F]
14000 g
12000
A .
- chi2
0
% 7 T 3 (] £} T T
T 9225764
po 0.6156 + 0.0028
1 0. 0.000236

- BEggEEEEEE

:\wh * !
R ; — . HH}‘
. . " T
— Make a likelihood ccauil BRNE SRR SNOY

— Add tracks to the seed based on kinemaical cuts
— Evaluate a pt weighted charge

LHCD

THCD 1



er

The tagger decision is given according the weighted
charge

§

- - nN ~N
- 8 8 & 8 &
T I TT

vertexcharge

Treat like the other taggers using a NN

* A correlation exist between vertex charge tagger and
the other OS taggers as it uses several tracks

LHCD
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MC2010 cuts

IPPU_cut = 3.0
Muon_Pt_cut =1.1 K Kaon_Pt_cut =04
Muon_P_cut =0.0 Kaon_P_cut =4.0
Muon_IPs_cut =0.0 Kaon_IPs_cut =3.8
Muon_lcs_cut =2.2 Kaon_IP_cut =1.5
Muon_PIDm_cut= 2.0 Kaon_LCS_cut = 2.5 chi2/ndf
ProbMin_muon =0.0 Kaon_PIDk =0.0
AverageOmega = 0.33 Kaon_PIDkp =-1.0
Kaon_ghost_cut=-14.
Kaon_ipPU_cut=4.0
ProbMin_kaon =0.0
AverageOmega = 0.33
Ele_ Pt cut =1.1 VtX PowerK =0.35

Ele P cut =0.0
Ele_Ics_cut =2.5
Ele_IPs_cut =0
Ele_ghost_cut=-15.
VeloChargeMin= 0.0
VeloChargeMax = 1.3
EoverP =0.85
Ele_PIDe_cut =4.0
ProbMin_ele =0.0
AverageOmega = 0.33

MinimumVCharge=0.12
ProbMin_vtx =0.52

PO = 5.255669e-01
P1 =-3.251661e-01
Gt075 =0.35

TracksEq2 =0.4141
TracksGt2 =0.3250
AverageOmega = 0.41
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LHCD

IPPU_cut = 3.0

Muon_Pt_cut =1.1 K Kaon_Pt_cut =0.9
Muon_P_cut =0.0 Kaon_P_cut =4.0
Muon_IPs_cut =0.0 Kaon_IPs_cut =4.
Muon_lcs_cut =2.2 Kaon_IP_cut =1.5
Muon_PIDm_cut= 2.0 Kaon_LCS_cut =5
ProbMin_muon =0.0 Kaon_PIDk =0.0
AverageOmega = 0.33 Kaon_PIDkp =-1.0
Kaon_ghost_cut=-999.
Kaon_ipPU_cut=4.0
ProbMin_kaon = 0.0
AverageOmega = 0.33
Ele_Pt cut =1.1 VtX PowerK =0.35

Ele P cut =0.0
Ele_Ics_cut =5
Ele_IPs_cut =0
Ele_ghost_cut=-999.
VeloChargeMin= 0.0
VeloChargeMax = 1.3
EoverP =0.85
Ele_PIDe_cut =5.5
ProbMin_ele =0.0
AverageOmega = 0.33

MinimumVCharge=0.12
ProbMin_vtx =0.52

PO = 5.255669e-01
P1 =-3.251661e-01
Gt075 =0.35

TracksEgq2 = 0.4141
TracksGt2 =0.3250
AverageOmega = 0.41
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10 cuts

IPPU_cut = 3.0

Muon_Pt _cut =1.1 K Kaon_Pt_cut =0.8
Muon_P_cut =0.0 Kaon_P_cut =4.0
Muon_IPs_cut =0.0 Kaon_IPs_cut =2.8
Muon_lcs_cut =2.2 Kaon_IP_cut =1.5
Muon_PIDm_cut=2.0 Kaon_LCS_cut =2.7
ProbMin_muon =0.0 Kaon_PIDk =2.0
AverageOmega = 0.33 Kaon_PIDkp =-1.0
Kaon_ghost_cut=-999.
Kaon_ipPU_cut=6.0
ProbMin_kaon = 0.0
AverageOmega = 0.33
Ele_ Pt cut =0.8 VtX PowerK =0.35

Ele P_cut =0.0
Ele_Ics_cut =85
Ele_IPs_cut =0
Ele_ghost_cut=-999.
VeloChargeMin= 0.0
VeloChargeMax = 1.6
EoverP =0.6
Ele_PIDe_cut =4.
ProbMin_ele =0.0
AverageOmega = 0.33

MinimumVCharge=0.09
ProbMin_vtx =0.52

PO = 5.255669e-01
P1 =-3.251661e-01
Gt075 =0.35

TracksEgq2 = 0.4141
TracksGt2 =0.3250
AverageOmega = 0.41
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Neural Net method

* For each event, a wrong tag probability is computed for
each of the tagger candidates using a Neural Net (NN).

* Each tagger gives an m, as a function of the NN output
By > Jw ¢ B, > Jlgp ¢
§ e
e i
= right
8 mE \r/:/?’ong = right
o = = Wrong
X m 3
o -
S N ne e
= \ S .
O i Fo
%} N
o [X] 0.2 (k3 04 05 ‘05 0. ECE : /’ l
; (tagger) = 9 + a1*NNoutput Westimated
LHCD
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Combination of taggers

The final probability for the event will be a combination
of the taggers wrong tag fraction

— Combine the taggers as independent
* P1=(1-0) w, ... Pl=w, (1-0,) ...
« P(B) = P*1/(P*1 + P1)
* If P(B) < 0.55 event is left untagged
— Use a NN to take into account correlation between taggers

Calculate the final combined effective efficiency, we bin

the events in 5 categories (and treat them separetly in
the CP fits)

LHCD
HCO
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 We form possible
combinations according to =t —————@—43 Untagged
particle identification e . 0=43.0%
(muons, electrons, kaons, _— Smaller
vertex, SS), and the sum of & // o= 32.3%
the individual taggers i3
decision T e

* Sort all possible Dost NE i T
combinations, according to 8|8 |8 | g L&
the estimated omega in a SR
control channel, and bin the ;fﬁ
events in 5 categories S

Y e
LHCI‘Q



Combination of ta

ers

* Use event mistag probability to split into 5 independent
samples and fit the B oscillation in each

* Using the NN combination in real data:

| I -

All OS

CAT 1
CAT 2
CAT 3

1 CAT 4
‘ E: CATS5

2400:

2200

0 20003—

18005—

000 16003—

vertex 1

r 1000;

1000;» 300;

i aor-opf . F

5005_ m 4003

| elegtron *°F
0 0.1 0.2 0.3 0.4 0.5 0.6 %""

Mistag probability
LHCD

|
0.3 0.4 0.5 0.6

Mistag probability

(%)
42.0 £0.3

16.6 £0.2
15.0 £0.2
6.4 £0.1
2.9 £0.09
1.02 +0.05

Combined 41.8+0.3

o (%)
41.8 +0.6

45.1+1.0
43.7 1.0

37.2+1.6
27.9+21
20.9+3.5

39.8 +0.6

€D? (%)
1.13 £0.17

0.16 £0.06
0.24 +0.08
0.42 +0.10
0.57 +0.11
0.35 £0.08

1.73+0.20

> +50% in tagging power from the use of categories.
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Fit B, > D*utv

(thanks to S.Vecchi)

* Measure tagging performances with a more detailed fit to
account for different background sources
— Signal: B>D*u*v
— Background B*: pp2>B*>D* u *v X true D* from B, not oscillating
— Background D*: pp=2>D*~u *X true D* from PV
— Background comb: pp=2(Kmx)-u *X not D* from PV
- Btaclﬁgrou)nd DOfB: pp2bb>D°utvmX true D° from B, oscillating (yes/no
at choice

* Use tagged/untagged data, observables:

* Background has independent tagging parameters (some
asumptions are needed) [Froper e s egon ] [Froperime e egor ]

|Histogram of mass0__m_DOmass| [pesso_nm oomess
Entries 27514

L 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7.8 9 10
B proper time (ps) B proper time (ps) 27




Strip10 £% w % eD2%
n 6.8+0.2 33.3+2.7 0.76+0.24

e 2.00.1 41.1+4.2 0.06+0.06

K 20.2+0.4 39.5+1.6 0.89+0.26
Vix 28.4+0.4 44.3+1.3 0.37+0.16
All OS 40.7+0.5 40.9+1.1 1.3420.31
Strip11 £% w % eD?%
n 6.4+0.2 34.3+2.6 0.64+0.21

e 1.620.1 36.2+4.8 0.12+0.08

K 20.3+0.4 41.6+1.4 0.57+0.20
Vix 28.6+0.4 44.3+1.2 0.37+0.15
All OS 41.4+0.5 42.1+1.0 1.03x 0.25

LHCD

| Flavour Oscillation signal region
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 New tuning has been done for strip10 data, and tested

for strip11

e Still a lot to improve
* MC(v=3) has been studied. New

variables seems to discriminate quite

Strip11 €% w % eD2%
U 4.320.2 28.4+2.8 0.64+0.21
e 3.0+0.1 38.9+3.4 0.15+0.09
K 17.620.3 39.7+1.4 0.75+0.20
Vix 30.1+0.4 43.0+1.1 0.60+0.20
IPpy - IP
FromB
Not fromB

good between the tagging particles
which are coming or not from the B.
Unfortunately are not so good to

discriminate right/rong tags
* Proper time of B opposite can help as

to determine w.

LHCD

EffectiveEff(cut)
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Comparison
B-factories vs. b-factory |

e‘e” — Y(4S) » BB

pp—bbX (\s = 14 TeV, At, =25 ns)

PEPII, KEKB LHC (LHCb—ATLAS/CMS)
Production o, 1 nb ~500 pb @
Typical bb rate 10 Hz 100-1000 kHz
b 1 ~ be/cmel =0.6%
bb purity /4 Trigger is a major issue ! ®
Pileup 0 0.5-5
i B"B~(50%) B* (40%), B® (40%), B, (10%)
b-hadron types BB (50%) B, (< 0.1%), b-baryons (10%) @
b-hadron boost Small Large (decay vertexes well separated)
Production vertex | Not reconstructed Reconstructed (many tracks)
Neutral B mixing Coherent B'B° pair Incoherent B” and B, mixing
mixing (extra flavour- taggmg dilution) @
Event structure BE pair alone Many particles not associated

with the two b hadrons

LHCD
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Pdf parametrization B

Pdf(Am,m,t,mix) = S(Am,m,t,mix) +
B*(Am,m,t,mix) + D*(Am,m,t,mix) +
comb(Am,m,t,mix) + DOfB(Am,m,t,mix)

Signal: B9>D*u*v
background B*: pp>B*>D* u *v X true D* from B, not oscillating
Background D*: pp2>D*u *X true D* from PV
Background comb: pp=2>(Kan)-u *X not D* from PV
Background DOfB: pp>bb>DO utv X

true D from B, oscillating (yes/no at choice)

LHCD



Signal B%: S(Am) * S(m) S(t,mix)

Am) = double gaussian (M,.,, " \ry O%xmsf D)

m) = double gaussian (mp,, o', 62.,,f )

S(t,mix) = A(t) * RooBDecay(t®°, €%, w° ; AMg,=0.507, AT'=0.)
with time resolution from MC double gaussian (w,, o',, 02,f1) (*)
AR) = (at)P/ (1 + at)f «, B fixed from montecarlo (**)

AN N

Pdf parametrization B (1/4

Pdf(Am,m,t,mix) = S(Am,m,t,mix) +
B*(Am,m,t,mix) + D*(Am,m,t,mix) +
comb(Am,m,t,mix) + DOfB(Am,m,t,mix)

(*) assumptions to be
further verified
(**)Montecarlo doesn’ t
include the trigger cuts

TIV I [ I T[T T[T I [T T[T T[T IT[T

X
norm  0.1421: 0.0018




Pdf parametrization B (2/4

Pdf(Am,m,t,mix) = S(Am,m,t,mix) +
B*(Am,m,t,mix) + D*(Am,m,t,mix) +
comb(Am,m,t,mix) + DOfB(Am,m,t,mix)

background B*: B* (Am) * B+ (m) * B* (t) *"B*(mix) fg,=free parameter
B+ (Am) = same as the signal
B*(m) = same as the signal
B+ (t) = A(t) * RooDecay(tF+=1.088*1E0)
with time resolution from MC double gaussian (w, o', 02,f,)
B* (mMix) = &5 ( 1- ®°) mix=+1 ; €5 w° mix=-1 or1-¢5 mix=0 (%)

(*) assumptions to be further verified

LHCD



Pdf parametrization B (3/4

Pdf(Am,m,t,mix) = S(Am,m,t,mix) +
B*(Am,m,t,mix) + D*(Am,m,t,mix) +
comb(Am,m,t,mix) + DOfB(Am,m,t,mix)

Background D*: D* (Am) * D* (m) * D* (t) *D* (mix) f,.=0.05 free parameter
D* (Am) = same as the signal
D* (m) = same as the signal
D* (t) = same as comb(t) = RooLandau(u°9,, c°9,) (*)
D* (mix) = same as comb (mix) =
gcomb ( 1- (Dcomb) mix=+1;
gcomb (pcomb mjx=-1 or 1 - £2°M> mix=0 (*)
Background comb: comb(Am)* comb(m)* comb(t)*comb(mix)
f.omp=free parameter
comb(Am) = RooDstDOBG(Am,m,,,C)
comb(m) = Constant(m)
comb(t) = RooLandau(u®9,, c°9,)
comb(mix) = %m0 ( 1- ML) mix=+1;
LHCh gCeomb (;hc0mMb mjx=-1 or 1 - £°Mb mix=0

st .



Pdf parametrization B (4/4

Pdf(Am,m,t,mix) = S(Am,m,t,mix) +
B*(Am,m,t,mix) + D*(Am,m,t,mix) +
comb(Am,m,t,mix) + DOfB(Am,m,t,mix)

Background DOfB: DOfB(Am)*DO0fB(m)*D0fB(t)*D0fB(mix)
foorg=free parameter
DOfB(Am) = RooDstDOBG(Am,m,,,c) (like comb)
DOfB(m) = double Gaussian(m,mp,, o', 02,f1 )
DOfB(t) = A(t) * RooDecay(tPoB=ft*tB%) (**) assumption

DOfB(mix) = eP98 ( 1- ®P98) mix=+1, £POBuDPOB mix=-1
or 1 — ¢POB mix=0

OR
DOfB(t,mix) = A(t) * RooBDecay/(tPB=ft*tB0%) (**) assumption

LHCD



