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Outline

e Highly Boosted Tops
e Highly Boosted QCD Jets

e Highly Boosted Top Pair
Production

e Top Quark Polarization

e Summary
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Highly Boosted Tops

e |nterested in highly boosted tops from s-channel decay
(for New Physics): pp— X — tt pp— X —tY

e Focus mostly on the hadronic top (BR =2/3) t =W — b

e Challenges: decay products of highly boosted top will
be highly collimated (high Pr=small AR): AR ~ 2 mi/P

- For AR < Rmin ~0.4, cannot distinguish individual jets

(hadronic calorimeter cell size : An x A¢~0.1 x0.1)
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K. Agashe, A. Belyaev, T. Krupovnickas, G. Perez, J. Virz

H ig h ‘y BOOSted TO pS L. Fitzpatrick, J. Kaplan, L. Randall, L. Wang

Mgy .y =3000GeV

60

e AR decreases as pr 1

Increases To

0.5 1 1.5 2 2.5 3&R
e For Small AR:

- Usual criteria for Myrav=35006eV

. 30

top-tagging no .

longer work! 10

0.5 1 1.5 2 2.5 3&8R

(reconstructing W, then
obtaining top)

Myy,,=4000GeV

- Can we us a single 20

15

Jet Mass to identify 10
top? 5

AL a n
0.5 1 1.5 2 2.5 3&R
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MadGraph => pythia => pgs
(MLM)

Jet Mass Distribution (P_>800 GeV) |

: - R=0.7

: 250 .................................................................................................... E . ......

- i |- R=0.5

S 5

g 200 .-':. ...........................................
L0 R SR SRR SR | :i. .........................................

=

100

C
. 4
a4 1
e A ) R
50_ ......................... ‘ | !: ::::.
- ' i ol ey
L T Liagh ol i e
O | P TN Ll sl Ml . l l | | | l | | | Ml el
0) o0 100 150 200 250

jetM, GeV/c

Highly boosted hadronic
top quarks
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Highly Boosted Top Quarks

¢ b-tagging efficiency for highly boosted tops is wired
(Sma” ~20%) L. March, E. Ros, B. Salvachua

L. March, E. Ros, S. G. d.l. Hoz

etop quark radiation is another problem for top-jet mass
distribution

- not implemented in LO MC tools
- order one effect ~ a, log?(£L)
¢ Jet-broadening at the detector level is also important

e Choosing an optimal cone size can be biased for parity-
violating top production: (see later)
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

do
2 2
dmjldmj2 c e

=/ fa® fo@dé(pr, ) © 17 (mFpr, ) @ S50 (m,,pr, ) © S(--
pmzn

T

e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

do A o
=/ fa® fy@dé(pr, ) @ S\ (M3 pr, ) @ S50 (m,,pr, ) @ S(- -
pmzn

2 2 e o o
de1 de2 m

e Simplify:
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem: L
d A~ c
deJld:r-L?Iz . /p?m fo® fo@do(pr, ) ® Jl( )(m2lePTa ) ® J2(d)(m327pT7 L)@ 8( -
PDF

e Simplify:
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem: i
d —
deJld:r-L?Iz . /p?m fo® fo@do(pr,---)® Jl( )(m2lePTa ) ® J2(d)(m327pT7 L)@ 8( -
PDF

e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

Hard O
A
do rA \ )
dm2 de :/ ' fa®fb®d0'(pT7>®‘]l( )(mglapTa)®J2(d)(m327pT7)®S(
J1 J2 pr "
PDF

e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section
do  _ SN
dm?]ldm?]z"'_/pg}infa@)fb@do-(pT, )®‘]1 (mJlapTa )®J2 (mJ27pT7 )@S(
PDF
e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section
AL
do / o NP P (d), 2
— fa®fb®dUpT7 ®J ml’pT,... ®J m27pT,... ®S
deJl dm?b o pmin ( ) \1 ( J ) 2 ( J J) (

PDF e
e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section
dO' r A N\ )
dszldm?fg . /pgzin fo® fo®do(pr, ) ®i1( )(mQJl’pT7'“)\(8;]2(d)(m2(]27pT7';) 2 8(---
PDF Jet function

e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section
dO' - 2 h c —_—A
dszldm?fg . /pgzin fo® fo®@do(pr,---) ®i1( )(mQJl’pT7'“)\(8;]2(d)(m2(]27pT7';) 2 8(---
PDF Jet function

e Simplify:
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section = Soft

do SV RO (@), 2 ol

dm? dm?_ - :/p?m‘f“@f”@da(p%m)@é (mJlapTa"')\@;]2 (mJgapTa';)@)S('”)
PDF Jet function

e Simplify:
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

Hard cross-section - Soft
do _/ f@f@c(la‘(A---S(X)J(c)(mQ )@J(d)(?”rLQ )@S()
an dn, e SRS Oer ) E N U b ) R Oy b )
PDF Jet function
e Simplify:

L
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

qud Cross-section = Soft

do i \ (e)(, 2 (d), 2 —

dm? dm? :/ - fa® fo®do(pr,---) @ Jy (G, pry ) @ Jy C(mG,, pry ) @ S(- )

J1 J2 pmint——— ~ o .
PDF Jet function
* Simplify:
» dfnz NJl(C)(mZJl phin ) | fa@fb@d&(pT,"')®J2(d)(m2JQ,pT,--')®S("°)
J pmin
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

qud Cross-section = Soft
dechCZZ:th = /m&‘?i@@ do(pr, )& D7 pre ) @ 7, pr ) ® S(---)
PDF Jet function
e Simplify:
— o O ) [ S f oot @ KO pre) @S-
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Highly Boosted QCD Jets

e [ypical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

qud Cross-section = Soft
do i \ (e)(, 2 (d), 2 —
dm? dm? :/ - fa® fo®do(pr,---) @ Jy (G, pry ) @ Jy C(mG,, pry ) @ S(- )
J1 Jo p%”nﬂ—“ ~ o .
PDF Jet function
* Simplify:

» dfnz NJI(C)(m2Jl p%un ) ‘ fa®fb®d5’(pT,)@Jéd)(mZJQ’pT’)@)S()
J pmin B

- min

= o(pr'"")
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

qud Cross-section = Soft
do o NS, (d) 2 ’ |
dm2 dm?2 --- :/ ' fa®fb®d0(pT7"')®J1 (m,]lapTa'°')®J2 (m,]QapTa"')@S('")
J, A, prin'———— ~— = _
PDF Jet function
e Simplify:
| /
— T~ T3 ) [ fae e delr, ) © K0, e ) @ 5()
Ji pr" __—
_ man
— U(pT )
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Highly Boosted QCD Jets

e Typical background for the highly boosted top
(or other partons)

e Factorization Theorem:

perturbative (Born)

qud cross-section — Soft
| fu® £y @ do(pr. ) @ 13, pr.- ) © 3, pr. ) & S(---)
deJldm2J2 - pin ) ¥1 19 9 V2 27 3 )
PDF Jet function
® Slmpllfy ~1 (contribute at higher order)
do (c) 2 min A (d) 2 f
— o SO [ e fredster )@ A0, pr ) @ S( )
1 P —
- min
= o(pr'"")
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Highly Boosted QC

D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tobnnesmann

* Analytic Prediction:

1 do :JTheory

5 1
O'de1

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tobnnesmann

e Analytic Prediction:

1l do _ JTheO'ry

5 1
O'de1

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tobnnesmann

e Analytic Prediction:

1l do _ JTheO'ry

5 1
O'de1

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

) Jets

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tobnnesmann

e Analytic Prediction:

1l do _ JTheory

1

2
O'de1

MC: Sherpa or MadGraph+Pythia, etc

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

) Jets

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tobnnesmann

e Analytic Prediction:

1 do B
O'dm?h B

MC: Sherpa or MadGraph+Pythia, etc

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

) Jets

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tobnnesmann

e Analytic Prediction:

1 do B
O'dm?h B

MC: Sherpa or MadGraph+Pythia, etc

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

) Jets

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tobnnesmann

e Analytic Prediction:

Perturbative Calculation
L. Almeida, G. Perez, SL, G. Sterman,

l. Sung, J. Virzi
1 do
odm?2 |
J1

MC: Sherpa or MadGraph+Pythia, etc

e Jet Function (for highly collimated jets: R? < 1)
- J is a normalized probability (jet mass) distribution

- J absorbs collinear enhancements to the outgoing
particles in the underlying perturbative process
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Highly Boosted QC

e At Leading Log order, our result is:

Jl(C) (mQJl » PT RQ)
1 Co
_ — 1
os(pr)a o

D Jets

L. Almeida, G. Perez, SL,
G. Sterman,l. Sung, J. Virzi

my
© <R2p

2
T

) exp { -as

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tdinnesmann

Y <

C. 2
(c) 1Og2 mJ2
27 R? p7.
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Highly Boosted QC

e At Leading Log order, our result is:

Jl(C) (m2Jl » PT RQ)
1 Co
_ — 1
os(pr)a o

D Jets

L. Almeida, G. Perez, SL,
G. Sterman,l. Sung, J. Virzi

my
© <R2p

2
T

) exp { -as

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tdinnesmann

Y <

C. 2
(c) 10g2 mJ2
27 R? p7.
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

Jl(C) (m2J1 » PT Rz)
1 C(C) m?2 C(C) 5 m2
— ] J o ] J
aS(pT)m?fl mo (RQp?)efp{ Sor 5 \ Rt )
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

O

Jl(C) (m2J1 » PT Rz)

1 O, m? C. m?
J1 T T/ )

NS—

—_——

Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

O

Jl(C) (m2J1 » PT Rz)
1 C(C) m?2 C(C) 5 m2
— ] J o ] J
aS(pT)m?fl no (RQp?r) (:Xp{ Sor 5 \ Rt )

Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

O

Jl(C) (m2J1 » PT Rz)
1 C m3 Cloyy o M3
— ] J o ] J
aS(pT)m?fl no (RQp?r) (:Xp{ Sor 5 \ Rt )
NLO Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

O

Jl(C) (m2J1 » PT Rz)
1 C m3 Cloyy o M3
— ] J o ] J
aS(pT)m?fl no (RQp?r) (:Xp{ Sor 5 \ Rt )
NLO Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

O

Jl(C) (m2J1 » PT Rz)
1 C m3 Cloyy o M3
— ] J o ] J
aS(pT)m?fl no (RQp?r) (:Xp{ Sor 5 \ Rt )
NLO Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

P. Loch, M. Tdinnesmann

‘quark jets: .
<\ gluon je tg:
Jl(C) (m2J1 » PT Rz)
1 Co m3 Cle) m3
— 1 J o 1 2 J
\as(PT)mQJl - 0g <R2p72L> eiip{ Qs 5 og RQP% I
NLO Resummation (LL)
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Highly Boosted QCD Jets

e At Leading Log order, our result is:

‘gluon jets:

Jl(C) (m2J1 » PT Rz)

J1

NS—

—_——

NLO

L. Almeida, G. Perez, SL,
G. Sterman,l. Sung, J. Virzi

‘quark jets: C) =Cr = 3

S. D. Ellis, J. Huston, K. Hatakeyama,
P. Loch, M. Tdinnesmann

1 O, m> C. m2
B _OCS(pT)m2 75 ) o8 <R2 ;2 > P {—as 2(7'(') log” (RQ ;2 >}
/7 17 2

—_——

Resummation (LL)
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H |gh|y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

;quark jets: Oy =Cp =4 —
‘gluon jets: ¢, = Cu =3 /)
Jl(C) (m2J1 7pT7 RZ)
! C(C) m> C(c) , 2
- lo J_ ) e —a o 2
‘as (pT)mZJ1 m o <R2 pi) i(p { Sor 0% \ R2 %2 2
N Resummation (LL)
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I_I Igh‘y BOOSted QC D Jets S. D. Ellis, J. Huston, K. Hatakeyama,

P. Loch, M. Tdinnesmann

* At Leading Log order, our result is: § ameida G Perez <L

G. Sterman,l. Sung, J. Virzi

‘quark jets: C) =Cr =3 T

< .

gluon jets: C) =Ca=3 S
Jl(C) (m2J1 s PT' RQ)

1 C m3 Cloyy o M3
= — lo e —Q lo J
\@S(pT)mal T g (R2pi> jp{ S 9 g RQPCQF J
NLO Resummation (LL)

eNote that at low order, jet function has no dependency
on pseudo-rapidity
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Highly Boosted QCD Jets

e \With a Mass Cut (50 GeV)

Sherpa (CKkKwy) | (M) P_> 500 GeV | Lead C7 Jet
Without Detector — : : : : : Gluons
SImU|atIOﬂ | E : : : Quarks
..... J(PT=SOOGeV) Gluons
..... J(P_=500GeV) Quarks
put =
R B
o =
E004 -
LL |
0.02 __ ............................................. -
0 B | | | | | | 1 | | | | | | | | | I | 1 ui_h_hmipﬁ_""—'—.————
50 100 150 200 250 300 350

eMJe
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Highly Boosted QCD Jets

e With a Mass Cut (50 GeV)

Sherpa (CKV* - eV J Lead C7 Jet

Without : : : Gluons
Sim Quarks
...................... ........... J(PT=500GeV) Gluons
T J(P=500GeV) Quarks

Monday, March 10, 2008 10



Highly Boosted QCD Jets

e With a Mass Cut (50 GeV)

Sherpa (CK¥* - eV J

Without
Simy . ‘
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Highly Boosted QCD Jets

e With a Mass Cut (50 GeV)

Sherpa (CK¥* - eV J
Without
Sim’

- Simple perturbation
theory captures the main
feature of jet mass

distribution for large mj!

Monday, March 10, 2008 | 10



ngh‘y BOOS'ted QC D Jets I(\I<I/|a|_d|\§|3)raph => pythia => pgs

e For Jet mass distribution, pseudo-rapidity dependence
IS negligible

e For new physics or any non-QCD physics, expect a
strong pseudo-rapidity dependence

|eading M | [Gluon and Quark Jets] R=0.7, 3TeV< I\IIij <3.5TeV
J

leading M | [Gluon and Quark Jets] R=0.7, 3TeV< I\IIij <3.5TeV
i —=— | Gluon Jet (MC)
: : Gluon Jet (MC) Number = | Gluon Jet (Theory)
Number Gluon Jet (Theory) Of | D00 =— | Quark Jet (Theory)
of Quark Jet (Theory) Events Quark Jet (MC)
Events Quark Jet (MC) : :
I T T —
¥ L DU A T e A TR o P e
: \
o | L | L | Ly "'“‘ e ooy IR R T | I L | TR T T | TR T T T T st b
50 100 150 200 250 300 350 50 100 150 200 250 300 350
jet M, GeV/c iet M, GeV/c
cone size: R=0.7 cone size: R=0.7

Pr> 1000 GeV, 0.5<n< 1.0 Pr>1000 GeV, O<n< 0.5
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Highly Boosted QCD Jets Y

Is negligik
*For newv
strongg

e For Jet masc . ‘ ~-rapidity dependence

siCSs, expect a

i

- and Quark Jets] R=0.7, 3TeV< M <3.5TeV

—*— | Gluon Jet (MC)
= Gluon Jet (Theory)

leading Mj | [GI

Nfumbler """""""""""""""""""""""""" —=a— | Quark Jet (Theory)
(o) —=a— | Quark Jet (MC)
Events ; ;

...................................................................................................................

................................................................................................

U 200 250 300 350
iet M, GeV/c

Jize: R=0.7
>1000GeV, O0<n< 0.5

cone Si. . |
Pr> 1000 u.
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Highly Boosted QCD Jets (d%/p e

eor Jet mase
Is negligik . ‘
*FOr nev : S IC

5

strong | o -
leadingM | [G! ISR , T
. ® | Gluon Jet (Theory)

Nfumbler i i N R e R e, e V- aicide 5 | —=— | Quark Jet (Theory)
0 . E AR RS e ST E . | —=—[Quark Jet (MC)
Events = ‘ RS N S R : | ' f

5 PU\JL

and Quark Jets] R=0.7, 3TeV< I\IIij <3.5TeV

—*— | Gluon Jet (MC)

.............................................

...................................................................................................................

................................................................................................

U 200 250 300 350
iet M, GeV/c

cone Si. . Jize: R=0.7
Pt > 1000 u. >1000GeV, O0<n< 0.5
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Highly Boosted QCD Jets

MadGraph => pythia => pgs
(MLM)

_—

eor Jet mase
Is negligik
e FOr nev

strongp
Number : = :

of
Events

cone Si. . "
Pr> 1000 u.

Powerful Check for
new physics!

5 PU\JL

~ and Quark Jets] R=0.7, 3TeV< M <3.5TeV

—*— | Gluon Jet (MC)
= Gluon Jet (Theory)
—=— | Quark Jet (Theory)

.............................................

—a— | Quark Jet (MC)

...................................................................................................................

................................................................................................

U 200 250 300 350
iet M, GeV/c

Jize: R=0.7
>1000GeV, O0<n< 0.5
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W. Skiba and David Tucker-Smith
U. Baur and L.H. Orr

nghly BOOSted TOp Dalr PrOdUCthﬂ R. Frederix and F. Maltoni

e |mportant discovery channel for new physics:
op — X — tt

e[ocus on all-hadronic mode (~40%):
tt — WWbb — j1j2j374bb
eDecay products are highly collimated

eExamine top-tagging by single jet mass

eDominant background is the QCD dijet

Monday, March 10, 2008
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. ' ' Sher CKKW
Without Detector Simulation erpa (D)
Simulation

cone size: R=0.7 cone size: R=0.5

d(G) PT > 1 O O O Si eV — R = 07 G|uon Prediction d(o’) PT > 1 O O O Si e R — 05 Gluon PrediCtion
dMJET R =0.7 Lead Jet Mass dM ) — O S — - R = 0.5 Lead Jet Mass
, i : : : f : : — R = 0.5 Quark Prediction

- - 10* : : i .
2 . : : R =0.5 tt Lead Jet Mass
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e Signal(SM top) to background(QCD jet) ratio, before b-
tagging: S/B~1/65
eOne b-tagging is not enough: Need two to get S/B~6
(with b-tagging efficiency ~20% and fake-b-tagging rate ~1%)

L. March, E. Ros, B. Salvachua ATL-Phys-PUB-2006-002

Highly Boosted top quark pair against QCD dijet
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Highly Boosted Top Pair Production

e Uncertainties for the highly boosted tops:

-for highly boosted top jet: b-tagging efficiency is wired

0 L. March, E. Ros, B. Salvachua
("'20 A)) ATL-Phys-PUB-2006-002

-fake-b-tagging (~1%) for the QCD jet
-top quark radiation effect
-jet broadening (detector level)

-PDF uncertainties

eStudy of substructure of top and QCD jet can help
diStinQUiSh tOp from QCD Jet J.M. Butterworth, B.E. Cox, J.R. Forshaw
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Top Polarization

e Daughter particles remember top polarization
e For ultra-relativistic top: helicity=chirality

- Can do polarization analysis like it was done for the
tau

- A powerful method already mentioned in Gilad's talk

¢ \\e want to use Pt to probe top polarization: Pris a
directly measured quantity (c.f. For polarization method, need to

use derived quantities with biases, like center of mass boost etc.)

- Different from spin-spin correlation where you expand in
s wave (for non-relativistic top)

Monday, March 10, 2008
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Top Polarization

Left—Handed W

Longitudinal W
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Top Polarization

Left—Handed W
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Top Polarization

e b quark:

- back-warded (soft Pr)
for tr

- forwarded (hard Pr)
for tL

e For SM, parity even
(PT distribution will be
flat) = look for new
Physics where parity is
violated

tr

Y

Left—Handed W

Longitudinal W

Monday, March 10, 2008

16



Top Polarization

e |epton:forwarded for tr
back-warded for t.

~30% ~70%

A
W direction
of flight E
1 +ﬁ ﬁ 1 +
A
A\ >
t + +
R AR W @ >
W direction E
of flight I
Left—Handed W Longitudinal W
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Top Polarization

e |epton:forwarded for tr
back-warded for 1.

~30% ~70%

A
W direction
of flight t
A\ >
+
W direction E
of flight I
Left—Handed W Longitudinal W

For Boosted Longitudinal W: letpon is forwarded
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pr(top) > 1TeV MadGraph

P.(b) Comparison

—=— Py(b)fromt

0.22F I-—. ................... .................... ................... .......... -l = PT(b) from tR

O ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | I.I - ] ] -'-

0 200 400/ 600 800 1000 1200 1400
P-(b), GeV/c

Hadronic Top
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pT(tOp) > 1Tev MadGraph

P;(lepton) Comparison |

—=— P(lepton) from tL

x10™

..a-- P{(lepton) for tR

pb/bin

05 .................... .................... ............

....................................................................................................................................................

0.4

...................................................................................................................................................

0.3

02 ............ :"...-! ............................ ;.. ...... ..........

0.1 __ ................... ...... e .................... ................... .........

O._|I 1 | L1 1 | 11 | I | -"-:-4"""“@
0 200 400 600 800 1000 1200 1400

P(e,), GeVic

efor example with the KK gluon, you'll see suddenly only leptons/bs that follows the RH curves

Leptonic Top
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S. L., G. Perez, J. Virzi
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S. L., G. Perez, J. Virzi
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S. L., G. Perez, J. Virzi
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op Polarization

ot(top) > 1TeV MadGraph
e AR difference

(charged lepton from
top decay)

4 4

* Average AR:
0.46 (tv)/ 0.29(tr)
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op Polarization

e AR difference
(charged lepton from
top decay)

* Average AR:
0.46 (tv)/ 0.29(tr)

ot(top) > 1TeV

AR(b, I) Comparison

MadGraph

—a— A R(b,l) from tL
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op Polarization

e AR difference
(charged lepton from
top decay)

4 4

* Average AR:
0.46 (tv)/ 0.29(tr)

pr(top) > 1TeV MadGraph
AR(b, I) Comparison
—a— A R(b,l) from tL
£ o001 0 TTUTTRLTLOO | eeme AR(b, I) from tR
2 .
o.ooo8 -
0.0006— | rmmmmmemes
o.c004 -  —
0.0002Feceeeeacdf .
0 _—I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
AR(b1, e,

®oFor choosing a cone size, can be biased for tr (if cone
size is small), as the average AR is smaller than that of tL
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op Polarization

pr(top) > 11eV MadGraph
e AR difference AR(b,, W) —=— AR(b, W*) from t_
(b quark from top é 0.016;— .--u--- AR(b, W*) from t
0.014fF T
decay) soret
0.01;—
e Average AR: 0008~ L
0.006[—
0.27 (t)/ 0.34 (te) i [
o002 | [
O"T'T' """" Tulu.l....|....|,,,,'—}—,,,,"'I"I"I"I"
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
AR(b , W)

®For choosing a cone size, can be biased against tr (if
cone size is small), as the average AR is larger than that
of tL
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Summary

e Challenges with highly boosted tops; decay products
are highly collimated

e |dentifying top with single jet mass might be a solution;
need to distinguish top from the QCD Jet

e Have a simple (pseudo-rapidity independent) analytical
handle from Factorization approach for QCD jet

e Pt of b quark (lepton) can be used to analyze hadronic
(leptonic) top quark polarization

e Our analysis is equally relevant for highly boosted W, Z
(because of unitarity bound) and the boosted Higgs
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