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Flavour Tagging
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LHCb is a 2nd generation
precision experiment coming
after B-Factories and

Tevatron

Improve precision on Y and
other CKM parameters

Many measurments require
the knowledge of the initial

flavour of the B meson
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omparison of decay rates in the
= Comparison of decay rates in the B-——DO(K*1r, K*1r11*11)K- system

= Dalitz analysis of B-— DO(Ksmm*)K- and By — DO(Kgmr11*)K™ Q‘_&
o Rare B decays @5\
o Radiative penguin By — K* y, B, —» @y, By — oy Qg’

n Electroweak penguin B, — K*0 ;*

o B, , b-baryon physics + unexpected !
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Requirements for CP measurements in

| — | B the sector are
B flight path of the order 5-10mm Good particle Id,

excellent tracking and vertexing

- | Tracking:
g "M w0 Bplp= 0.35% to 0.55%
RICH2 1 = \ | Vertexing:

~10pum transverse plane and ~60um in z
\ xpected Impact parameter resolution

p =14um + 35um/p;

alorimeter resolution:

£/E = 1% + 10%VE (E in GeV)

1.0

Probability
B

RICH:
Particle identification, important to
distinguish between Kaon and pions.
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. Nu*N
Tagging efficienc tag

gging Y N,+N, +N,
W f Ny

rong tag fraction

Effective efficiency Eoff Ee(1— 203)

Taggers:
MUONS
electrons

kaons

vertex charge
55 kaons or pions (when B, )

If several candidates for the same
tagger exist > Select the one with
highest Pt.

Taggers make individual
decisions about the flavour
with varying accuracy, which
is evaluated by a NNet.
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IP of K’s:
300
S0 |
=250 _ >
%200 > > K
Ll Kinematic and geometrical variables

(IPS, P, Pt,...) show a dependence in
purity of right vs wrong tags - CUTS
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. IP/o
R IRT 3 My
pr (GeV) p (GeV) IP/c a s . + + by o * *+"r+; .
~ ~ 13 e
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pycut (GeVrc) IP/G,, cut



OS Vertex Charge tagger

1 Use long tracks to build a 2-seed vertex after some kinematic cuts
L1 Use a NN to select good candidate (2-seed) to SV

T
[ TMVA response for classifier: MLP 5 F Mean 0.3245
§ o[ Mg T £ 1600 — [AMS 02319 |
E ,_';[:lﬂackground g mnuf—
= ::; 1200 All vtx
12t 1000 Good vtx
,:: 800(—
d 0.6~ 600—
o 04— E
se® e .
SV Iy k.
2% 02 04 06 08 1
Enries DU'PNSMZ
| Other tracks are added iteratively — . ;.¢ = s

8 F
£ a0

All trakcs
Tracks coming from b

LI Weighted charge can be used as a tagger

= (0)Q: )
Zi p%- (?) 1032

Seff - 1 . 1 4% ﬂz 0.2 04 0 08 1

Qvt:x: —

Typical performance: € = 43% o = 42%




Hadron from fragmentation (K* z%*)
or B** decay (n%)

Typical performance: € = 25.5% ® = 35.6%

Eeif = 2.13%

pr (GeV) p (GeV) IP/o
* Particle selection cuts )| >02 > 2 <3
K= > 0.6 >4 < 3.5
.g f
. . . oo K from fragmentation
Proximity to signal b Other sources
800 Wrong tagging
An A M(Bn*(K*))-M(B)
e AR < 1.2 < 1.5 GeV
K+ <1 <11 < 2.5 GeV

x from B*

Other sources
Wrong tagging
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The tag (b or bbar) is decided by the charge of the tagging object
Combine the taggers to obtain a final decision of the tag

Sort in 5 categories depending on the probability of the tag to be
correct

Combine Particle |Dentification
Neural Net
(PID)
» Obtain a wrong tag fraction (w)
for each event from the NN » Sort events pased on the PID of
the track ordering them in w
outpu - NN independent. Simple method
* Has a higher efficency inaependent. simpie metho
* Has a lower efficency

Each method will give a tag and a category
(related with the reliability)



Neural Net method
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LI For each event, each tagger will give an w as a function of the NN
output.

L The wrong tag fraction is fit linearly on the Neural Net output.

B, > JIy ¢

cC “E

®) ol

® F

N e

= .

O 1in

O_ s Up p? sﬁn 58

(ST B N =

O fab
e Wiagger() (NNE) = ag + a; NNet
o';i .................. e B

output (05 kaon)



Com

o’ w1 BN

natio

on of taaaers
vaIv

Each tagger will have its own w ,45¢, (NNet).
The final probability for the event will be a combination of the tagger wrong tag

fractions:
P+ = (1- pB)=P"
oo, ®) %P“+Pl) If P(B) < 0.55 events
Pl=zw, (1-w) ... P(B)=1-P(B) is left untagged
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5000

To calculate the final combined
effective efficiency, we bin the
events in 5 categories (and treat
them separately in the CP fits).
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PID based
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Form possible combinations according:

htagsum
Entries 46545
Mean -0.01231
RMS 1.072

| » Untagged

- Particle Identification  (PID) ‘o

16000
14000

12000?— /w: 430%
* Sum of the individual tagger ® | __, Smaller w
decisions (sum of charges) - w=32.3%
T | g | S‘m‘ofch g
E ?Pidomega -
Sort all possible combinations, including the “°s s tigr Jr
case when abs(sum)>1, according to the_ w o Q|8 S | &Y
estimated on a control channel (62 possible - o | » ;:offxrf 4
combinations, but only 41 non empty) -
Mif‘l—r_'ﬁ
. . . 0.1:—
Bin events in 5 categories -
mlililHléllH1I()HH15HH2‘OHII2|5|HI:’.‘OIH|3|5HH4|0I

PID combination
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Performance of taggers:

a’rag w Eeff
muons 6,15+ 0,08 32,5+£0,6 0,76 £ 0,05
electrons 2,78+ 0,05 29,9+0,9 0,45 £ 0,04
kaons 15,33+0,12 34,4+0,4 1,49 £ 0,07
SS kaons 25,56 £ 0,14 35,6 0,3 2,13 £ 0,09
vix charge 32,79+ 015 40,8 +0,3 1,11 £ 0,07

Combine all taggers to obtain the global effective efficency, which is
the direct sum of ¢ in the 5 tagging categories.

Etag w Eeff
Using Nnet 53,96 £ 0,16 33,13 £ 0,21 |6,14 £ 0,14
PID combination 56,65 + 0,17 35,33 +£0,22 4,89 +£0,14

NNet €4 increases by ~20%



Performances for a few channel
€t %0 € % ® %
B—DT | g85+0.18| 607 30.9
Bo— JWK™| 420+ 009 | 53.2 35.8
B,= T | 552+0.16| 568 34.4
B> WK™ 4114001 5301 36.1

Differences can be due to different signal B spectra, trigger...



Control channels

Accumulate high statistics in various flavour-specific modes
w can be extracted by:

B*: just comparing tagging with observed flavour

B, and B need fit of oscillation

Channel Yield/2 fb-' B/S o Q;Jirf]j::-] )
B*—J/y(uu)K* 1.7 M 0.4 0.15%
B*—D* 0.7 M 0.8 0.25%
BO—J /() K*O(K*7) 0.7 M 0.2 0.2%
B— D 0.08 M 0.3 0.7%
BS— D" -u*v 9M 0.4 0.05%
B*—> DIy *v 35M 0.6 0.1%
B—~>Dputv 2M 0.1 0.5%

Taggers can be calibrated using these control channels.



Use of control channels

- | N i 1 | I | i EN N

B* =>J/y K* is a flavour specific channel
No true MC information needed

The w obtained in a given tagger for B* 2> J/yy K* can be used the same
taggers in other channels

+ +
B* =2 JiW K Bd 2> Jly KS
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Control channels will allow to measure w directly from data, with the
statistical accuracy required for physics measurements
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One of the first measurements requiring flavour tagging of the B will be
sin 28 from B°—J/y(uu)Kg as a benchmark to demonstrate LHCb
capability in CP-asymmetry measurements

For the evaluation of the mistag rate, the following strategy, using B*—J/y(uu)K*
and B°—J/y(uu)K*© as control channels, is foreseen:

«  With B*=J/y(un)K* events determine for each tagger the dependence of the
mistag rate on the kinematical properties of the tagger.

Combine these probabilities into a single probability per event.

« Use this function to subdivide B°—J/y(uuw)K* and B°—J/y(uu)Kg events into
5 samples of decreasing mistag-rate (tag categories).

« Fit to flavour oscillations of B°—J/y(uu)K*© events, as a function of propertime,
in each of the 5 samples, to measure the mistag rate per category. Use these 5
mistag rates in the CP fit of B°—>J/y(uu)Kg events, also subdivided into 5
categories.



Fit to flavour oscillations of B, =2 J /i K,

in 5 categories

Cat 5 22 | ndf 18.77 /10
= [
0.6 ’{‘ Am 0.4779 = 0.0282
E T
E“-‘: Omega 0.1875 = 0.01494
0.2
n_ "
0.2 /
0.4 -
0.6
l__|||||||||||||||||||||||||| RIEETL INTERINT R NI
] i 2 3 4 &5 & T B 9 10
timelps
jf_z.rﬂdf 6.36 110
Am 0.5238 = 0.0258

Omega 0.2977 =0.009163

a 10
timelps

Cat 4

% I ndf 12.65 710
Am 0.5415 = 0.02922

Omega 0.2402 = 0.01276

/

] 1 2 3 5 6 T B 8 10
time/ps
Cat 2 2% 1 ndf 5.953 /10
=
.6 Am 0.5068 = 0.02698
E
5‘,,_4 Omega 0.3683 = 0.006598

rd

Only signal events
considered here

Catl 32 I ndf 6.326 /10
*En_s:_ Am 0.4725 + 0.03205
%ﬂ-"f— Omega 0.451+ 0.003017
0.23—
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Control channel check
from MC truth from propertime fit
category BY—Jhy K B'—Jhy K*™ [ B—Jiy K*
@, (%) 454+ 03 44 8 + 0.2 451+03
@, (%) 357+07 36.8+05 36.8+ 07
@, (%) 28.3+09 297+ 07 298+ 09
w, (%) 23.5+13 23.7+09 240+13
w: (%) 17315 18.8+ 1.1 18.8+ 15

Results from propertime fit are compatible to MC truth.
In one year, 2/fb, with 215k events, ¢(sin23)—~0.02




Background on control channels
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| Control channels will be used with data events, where full account of
background has to be taken.

| A RooPlot of "t |

] We have devised the strategies to cope with it. ¢ i el
] For By* >Jiy K* -

1= 1.550=0.050 ps

| A RooPlot of "mass" |

1 G1= 527516 + 0.00066 GeV/c®

NU1800 — L G2 = 52781+0.0027 GeV/c?
%1600 - & G1= 0.0179=0.0011 GeV/c?
1G] = 6 G2 = 0.0295+ 0.0043 GeV/c? N 10
< 1400 frac G1= 0.71£0.14 L t(ps)
1200 T frac S = 0.0813 + 0.0017 i yiindef= 2 78
= = 2 W = Filted r, = 1 56+ 00200
1000 = 02 Fillid & m, = 0518+ 0, K2&50s
o F b Wl Input o2 = 02867
— 800 @ Filtad u2% = 0.JBEE + 0,309
>~ G = 0
@ 600 [l E
5 o T e
= 400 10
Ll C B
200 =, -
b, e T a4 o
g 15 5.2 5.25 5.3 5.35 5.4 5.45 5.5 5.552 B /
mass (GeV/c?) - 1
-0z
- e L
I 1 il 1 ' 1 1 1
-'I:I.'.‘lu 1 3 P

HEI E 7
proper time [ps]



Conclusions
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Flavour tagging is a fundamental ingredient for
B physics measurements in LHCD.

Control channels will allow to measure w directly
from data, with the required statistical accuracy,
taking into account many possible effects
(backgrounds, trigger, etc.)

Expected effective tagging efficiency at LHCb is
~ 6 —9 % for B and ~ 4 — 5 % for By , channels



