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B 00
Aim

* We plan to measure non standard model (anomalous) Wtb couplings
of the top quark
* In order to do this we identify a set of sensitive observables.

* We develop reconstruction tools: b tagging, vertex charge.

* Need good top reconstruction.

Why?

* The top quark mass approaches the energy scale of new
physics. New physics often couples to mass! The top is thus
useful to probe non standard model (anomalous) couplings.

 The Wtb vertex defines the top total width and the characteristics of the
decay products.
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Top production — decay  pecay -

ILC - main production channel

- t -

W=

-
H

] Measurements of the CKM Matrix for
The top production at the ILC = 0.8pb ¢ . top quark give: V,, = 0.999

implies t—-Wb > 99.8%
Channels : _
Need good b-tagging!

* tt — bbllvv (11%)
Missing energy.
* tt — bblv + 2 jets (44%)
e tt — bb + 4 jets 450, No missing energy, top frame easy to identify.
J } (45%) High statistics!
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e,E -» W+,H-,h,B
Diff. cross section [pb]

— 0. 40|
Observable - Ay ] i ﬁ+
(Forward-Backward Asymmetry) i JFJVJF
0.32
« Can parameterise anomalous ] +Jr++
couplings as right and left handed 0.2 JF ++++
form factors . +
‘ O-HE ++++++
| ng | f').L | _-—‘1;:3. ete” can.s. ‘ ;-1;:5. top frame _1_0 o _|'5|E Ll)e‘lletlalgl_g r 0|_5 . ll l( ll 5)|1
. osine(pl,p
unpolarized ete™ — tun,b ~—
e 0.279 0.050 « Asymmetries larger in cms frame. These
bl 0.0 |-02 0.243 0.010 o . )
b| 0.0 |-04 0.218 -0.004 superposition of production and decay
o Il B o 002 asymmetries. The top frame asymmetries
b|-06|0.0 0.301 0.041 dare ‘pure’.
b|-1.0] 0.0 0.313 0.045
0.0 | 0.0 0.079 20091 S ]
i: 0.0 |-0.6 0.085 -0.084 * b quark asymmetries are larger than
polarized epe™ — tuib the lepton ones.
500 [ 0.0 0.354 T P
bl 0.0 |02 0.265 0031 | o
b| 0.0 |-04 0.200 -0.011 * Polarization of the electron beam
L 0.0 |06 0.152 -0.047 = .
b| 0.0 |-10 0.087 -0.095 increases the asymmetries.
po| 0.0 0.0 0.145 -0.262 . i . _
| 00]06] 0104 0.233 Need to discriminate b and b

E. Boos et al. Analysis on t — bpv
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Flavour Tagging

AIM: Distinguish between b-jets, c-jets and light-quark jets

» LCFI coded and implemented procedure developed by R. Hawkings as
default (LC-PHSM-2000-021), however the code is extremely flexible

= Define highly discriminating tagging parameters

» Use parameters as inputs to Neural Network; this discriminates between
b, c and light jets. Different inputs used depending on number of vertices

» Procedure’s tagging inputs:

distance primary to furthest secondary vertex and its significance, track impact
parameter significances, vertex momentum, number of tracks in secondary
vertices ...
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Tagging Inputs

Pt Corrected Mass

= ydsjets
. cjets
= bjets

140

GeV/ch2

Most Significant Track in R-Phi

10000 T = yds)ets
= clets
= hjets

1000

100 | M

10T
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Significance

Secondary Vertex Probability

10000 T = ydsjets
—‘ = clets
| == bjets
1000 A

100,

104

1+

0.1+ 1 t |
0.0 0.2 0.4 0.6 0.8 1.0

Probability

Number of Vertices

| dsjets
= cjets
= blets

11,000 T
10,000 1
9,000 T

8,000 T
7,000 1T
6,000 T
5,000 T
4,000 1
3,000 T
2,000 T
1,000 1 |

f ' f t
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Number of Vertices
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= Number of vertices found
good indication of
underlying event

= Mg, of secondary vertex
most discriminating variable.
(secondary needs to be
found!)

» Probability that all tracks
come from same secondary
also good indicator

» Significance of tracks
good discriminator when
only interaction point is
found



Purity-Efficiency _ = —=
5 %% ¢ (b-bkgr) i
% 08F Prvtrgg, 0 C O ¥0%ees
= Analysis at 500 GeV E, 0.7
Done with di-jet events 0.6 c L
05F r
» b tagging is very good. 0ub-
Should suit the top analysis. 035_ "
= We can reconstruct mostof %%
the b quarks with little 01

OO

contamination! 01 02 03 04 05 06 07 08 09 1

efficiency
E. Devetak, M. Grimes, S. Hillert, B. Jeffery

= Still working on optimisation of all parameters and cuts!
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'.F:arton Charge

B Jets: Reconstructed Vertex Charge

1,40071
1,3007
1,20071
1,1007
1,000T
900+
8001
7007
6001
5007
4001
3001
2007
1007

. » Discard the neutrally

. reconstructed parton charge purity — B jets reconstructed VerticeS-
| W . . .
» Hadronisation into baryons
rare

» Important to find the charge
of the b-quark originating the
jet

= Done by finding charge of
the decaying b vertex

0.6T

osi = 85% of parton charge is
°41 reconstructed correctly » Assume meson and infer

oa] parton charge

0.171

0.0 + + + + + + + + +
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
cos(theta)
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B - tagging identifying tt

» All inclusive decays. Use only
events where 6 jets reconstructed

| Sum of NN B Tag output | ECHOEITN
Hi niries

Mean 1.828

» Clear peak at 2 reconstructed b o

quarks. Good discriminator for top

—|> RMS 0.475

350

300

= Corruption from missing 250
acceptance cuts and failure of b @

reconstruction reason of peak at 1 10

100
= Useful to take care of such %0
events! (not yet done) ;

|IJL | JIIIl J II_I_IL

0.5 1 I1.Sl 2 . I2.5[ l 3 I3.5 4
Sum of probabilities of jets originating from a b quark

f
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Top Mass - identifying the top

= All inclusive decays. Use only
et | e 20| @vents where 6 jet reconstructed

BMS 50.29

350

300

= |f plot all 6 jets combinatorics top
peak barely visible

250

< IIIl‘\III‘IIH|IIII|HH|III\lHII‘III

= Setting mass constrains peak is
B S much sharper
50 100 150 200 250  GeV
| Top Mass Kinematic Fitter | hieTMassoFIt ]
B v~ 1e02|  ® Still present wrong w — b
sof- Gaussian fit of: ﬂuﬂ combinatorics.
50 Peak: 155-185

Mean = 170 GeV
Sigma = 11 GeV

= Corruption from events with one
top decaying leptonically.

M (4]
o Q

-
Q

=IHI‘IHIIHII‘\II\‘[III‘IHI‘\II\‘II

T
e

o

oo me gy | * USE previous slide to take
care of these effects!

[4)]
o
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Not quite the asymmetries yet

= Analysis not concluded
* Need to include background
* Need to include acceptances
» Study of asymmetries and of errors!

However ....

» Found suitable observables

= Developed tools for b tagging (used to ID the top)

= Developed tools for parton charge reconstruction ( needed for Agg)

» Developed a method of identifying the top by using the b tag and mass

ALL PIECES IN PLACE - NEED TO BRING THEM TOGETHER
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he Wtb effective lagrangian

The effective CP conserving lagrangian of the Wtb can be written as:

Right handed (V+A). 0 in SM. Experimentally

SM coupling. EW constrained < 0.4x102 (CLEO)

(V-A)

L= Wbl fiP- + 5 finPet

Y

1 _ _ . .
_ 9 hrﬁ PV J'-h-"bf? [ Fij'rﬂ'-f'j— — f'ﬁl-f{l-]f] + h.c. “':I
where W, = D W, — DWW, D, = 4] —wed,|P = 1/2(1 £ ~4) and
ot = “:'L T e — ﬂ."rfn.-“;tj'

Higher order anomalous couplings.
These are 0 in SM. These are the
couplings we propose to study.
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D. Jackson,

Vertex Flndlng NIM A 388 (1997) 247

AIM: Find secondary and tertiary vertices

» LCFIl implemented general ZVRES algorithm:

= Represent tracks with Gaussian TR
‘probability tubes’

: Ny
T ot T

= Calculate vertex function

» Search 3D-space for maxima of this
function

» Combine close-by vertices - resolve
ambiguities

Vertex Function
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6 jets - can we separate them?

#Jets at reconstruction-Hadronic decays at MC i
08064

= Given the right y-cut algorithm for jet

finding and using the correct cut we can -
reconstruct the 6 jets 350F-
300
2505—
» They are angularly well separated 200
150 —
) ) ) 1005—
*And the b-tagging is still very good 0" ” |
| NN output for 'MC- b jets’ | E':ﬁ:-:;:' net 3'925 |__Angular distance between closest jets | Em"_:'; |93111m4
mg:; 0.10568; S00— ::n&:sn ?gﬁ
RMS x  0.2763 - — y
~RMSy 0.2474 C
) 400_—
3005—
200;
100i—
09 1 B
p tagd =
00..I...I...I...I.. = 1

P n M T
20 40 60 80 100 120 140 160 1
Ded?ees
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Top reconstructions — phase space

_Angle(bW+)-angle(bw-) vs E b | “E':'t':l'::'““';’a’g"‘;
= \We are searching the phase space to Meany 2635
. . . RMS x /4
get hints for various possible cuts
=|n particular looking at angular cuts to
lower the jet combinatorics in top ;ﬂ , 13?;;2
. : 140
reconstruction - <t
Ang’e(bwlﬂﬂ o0 806 0
i).ang*b(bw?) i 60 &
» This has been done at parton level BRI
|_Correct W parton matching | W' | Wrong W parton maching | W'
Meanx 9087 eanx 1065
Meany 97.55 Meany  91.95
sy 318 ey ot
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W — kinematic fit

= All inclusive decays. Use only
events where 6 jet reconstructed

wnglse?
120~ Mean 78.63
B RMS 22.94 . . . ) .
rool- » Use kinematic fit to identify W.
80_— .
L = Constrain MassW, =MassW,
60:—
ol = 4-Jet combinatorics use less b
e like jets plot best result
T = GeV = Combine with b jets for top mass
Temviassa( combine all b jets with W) . .ﬂ% TiMassEangle 2::?225_9_?%
45— Mean 171.4 = | Mean 164.1
- RMS 46.44 18— . RMS 39.12
40 163_ Combine closest b
35 [ Eb-jet>60GeV
302_ 12f
252— 103—
20E- 8F-
10;— 43—
5F- o
0 50 100 150 200 250 GeV 0 50 100 150 200 250 GeV



