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Why do we study same-sign top pair?
(A not so BAD/GOOD motivation)

* First years of the LHC will probe a new frontier of physics at the Terascale
DM, SUSY, UED, Exotics, etc.

2.0

1 * Focus here on New Heavy Resonances.

Production probes the large X region

» .
gluonx: /10 where valence-quarks dominate.

1 * For early discovery at the LHC
|  (7TeVand Ifb"! luminosity),

it helps if the NP is @XO€IC

X Colored - large production rate

X Novel, easily detected collider
signature
charged leptons, heavy flavor jets, MET, etc

0.001 0.01 0.1
X % Small SM backgrounds

<£U> ~ mNp/Ecm
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Why do we study same-sign top pair?
(A not so BAD/GOOD motivation)

* same-sign top pair production * s-channel resonance

Quark-quark initial states can produce

color sextet and anti-triplet resonances

3x3=6+3

U t
= FPp= =
¢
U t

I/‘?
% t-
* Potentially large cross section t-channel process

. . Flavor changing neutral current Z-prime
* Signature: same-sign charged lepton ging P

pair, b-jets, and large MET

U > > t

* top quark polarization can be
measured.
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Flavor Changing Neutral Z-prime

(Motivated by the Top-quark Forward-Backward Asymmetry)




CDF measurement arXiv:1101.0034 5.3 fb-!

A% = 0.611 £ 0.256 ASPS — 0.475 + 0.112
App =0.123 £0.018 ASM = 0.088 + 0.013

L tt paﬂon-leve!l
| = tf parton - level CDF data 5.3 fb

CDF data 5.3 fb” 4.1 === 1t NLOQCD
== 1t NLOQCD

-

—
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Charge asymmetry

* A charge asymmetry arises at NLO Kiihn and Rodrigo, 1998
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Top quarks are produced along the d|rect|on of the iIncoming quark

i N >0)-Ni(y>0)

=0.051(6)
N,(y>0)+N.(y>0) Too small

N(Ay > 0) - N(Ay < 0) Needs NP

A" = = 0.07809) Ay =7y —y-
N(Ay >0)+ N(Ay <0) Oy Ay=2.-7;
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Invariant mass spectrum of top quark pair

CDF Phys.Rev.Lett. 102 (2009) 222003
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It provides upper bounds on NP resonance.
The large bin (800GeV-1400GeV) is
the most sensitive to a heavy resonance
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New physics models

* NP models are divided into two classes BSM
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q a
s-channel: extra octet vector gluon (axigluon is the best)

small couplings to the first two generations: dijet constraints at 7 TeV

large couplings to third generation: to generate large A

J

heavy resonances: ttbar invariant mass spectrum
Very broad width: to interfere with the SM channel

t-channel: Flavor changing interaction
color singlet: Z’-u-t (¢-u-t) color sextet or triplet

W'*-d-t (¢*-d-t)

What can one say about the FCNC Z’ model at 7 TeV (or at the Tevatron)?
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FCNC Z-prime model

L= gw'L_L’)’“(fLPL - fRPR)tZ;L + h.c.

Left-handed coupling is highly
constrained by B; — B; mixing.

Jung et al, Phys.Rev. D81 (2010) 015004

L L 1 1 I L) L ) 1 I;,%
M, =160 GeV :

-Elllllllllllllllllllllllll
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A large FCNC coupling is needed to explain A data.
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Differential cross section

do
d cos 6

= Asm + Aint + Anps

24

Asm = % (2 — 8% + 3% cos” 0)

2 2 2
593930 _ I f&—mf)2+2§mf+
278 §(t —m%))

AinT =

4

’Bg:lu f4 " Ty
& E 4(a —m7)* + —

12878 (1 — m2,

Anps =

* INT contribution is negative because ¢ < (
* NPS contribution is positive

* For heavy Z’, one needs a large f; such that NPS contribution dominates
over INT contribution to produce positive Ag;.
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Determination of fp

Agg requires large couplings while g (tt) prefers small couplings.

AFB — 0475 1T 0114 fOI" (g Z 450 Gev
Of — 7.00 = 0.48 'pb for My = 172.5 GeV (CDF, 4.6fb™")
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Determination of fg

5 App+o(tt): 20

VWe take the overlap
region as a good fit
to both:

O'(tZ) AFB

400 600 800
mz (GeV)
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FCNC Z-prime implications

% Same-sign top quark pair production at the LHC

% Same-sign dileptons are predicted.
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Same-sign top pair production
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® Collider simulation
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p > 50GeV, |n;| < 2.5,

LI llllll'

1 1111

p7 >50GeV, |n| < 2.0,

— uu—>1It

-~ ug—>tf

ARjj,jg,gg > 0.4,

LI lllllll
| llllllr

- lllllllllllllll
200 400 600 800 1000 Er > 20 GeV

m, (GeV) two b-tagged jets

The same sign top quark pair cross section grows as fi‘? :
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SM backgrounds

pp = tt - bBWTW -, W =0ty W™ — jj, b— £ Dominant
pp — W{Wotij, W — £ty backgrounds
pp = WIWITW—, W 4Ty, W™ — jj

pp—ZW W™, Z 00~ Wt =0Ty, W™ — jj

% Matrix element calculation of signal and backgrounds retains all spin
correlations .

% About | background event survives after all kinematic cuts.

% Based on Poisson statistics we demand 8 signal events for a 50 discovery.
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Same-sign top pair production

Parameter region to fit A

is everywhere above the
50 discovery curve.

A model using Z-prime
exchange alone to explain
Tevatron A is questionable

LHC 7 TeV measurements
would impose hard constraints
on f; .Search for same-sign

top quark pairs is interesting
in other model contexts also.

m
Z 4
Berger, QHC, Chen, Li, Zhang, arXiv:1101.5625, Phys Rev Lett 106,201801 (201 1)
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CMS direct search

* Disfavor the FCNC Z’ model CMS, JHEP 1108 (201 1) 005, arXiv:1106.2142

CMS L,
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- 1o consistent with A__, Berger et al.

- 20 consistent with A_,, Berger et al.

FB’
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How to confirm the FCNC Z-prime model?

* No resonance shows in the top pair invariant mass spectrum

* Top quark polarization would provide addition information.

L = gwuy*(frPr + fRPR)tZL + h.c.

Left-handed coupling is highly Top quarks are right-handed.
constrained by B, — B, mixing.

Full event reconstruction
is heeded.
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Questions to be answered

(2) Do the pairs of
jettlepton each

N

reconstruct a top quark!?

(3) Is there a resonance!?
s- or t-channel?

(1) Are the muons and
missing X from
W-boson decays!?

Need full event
reconstruction

Difficulty:
identical muons
and b jets

(4) What is top quark
polarization?

(5) Are the top quarks

from a scalar/vector decay!?
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Full kinematic reconstruction

% Four unknowns and four on-shell conditions

/

6 unknowns
.2 from MET

- Py )t Quartic equation
(correct paring is necessary)

— (plu i

— (puz T pV2)2
— (pW1 +pb1)2
= (pw, +Pp,)? — ‘Fwe-ecomptex, two real solutions

)

Pi(Vl) +a Pf:(Vl) +b Pazc(lh) +cpr(v1) +d=0
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MT2 method

* Question: how can one measure the mass of heavy particles if they are produced
in pairs and then decay into visible and invisible particles?

Invisible final state l
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What we learn from Mw measurements

e—l_ B 1T | 1T | 11T | T
u N @% 7 Jacobin peak  _
L

Warm up: measuring the mass of
the W boson in the leptonic decay
channel -- MT variable.

my = 2(E7€ET_p§'°#T)

The true mass of the VWV boson
satisfies  m?% < m3,

The end point of the transverse 60 ?ﬂve 80 90
mass distribution is the W boson m .- (GeV)

mass. do 1

dmz  \/1-mi/s
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MT2 method

* When there are two heavy particles decaying into visible particles and invisible
particles, the MT2 variable may be used to measure the mass of their parent.

C. G. Lester and D. . Summers, hep-ph/9906349

mo2 (mi'nvis ) -

(1) (2)

min [max[mT(mimis;pT ),mT(minvis;pT )]] ‘VlSlb[e ﬁnal State]
X |

. INVis . T~
mT(mz’nvis: P? vt = ;\\ ~

1 2
py’ . psY

2 2 VIS [INVIS __ VI8 | 4iNULS
\/mvis + Minvis + 2(ET ET Pr Pt C\

mllllill‘ quaEEEEERuRe

T\

* The MT?2 variable is a function of the \ \
momenta of visible particles ( ¢y, ,8 ) q/ |

and missing transverse momentum. lIts

upper bound yields the mass of the
parent particle ( C) :

B

Invisible
final state
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W-bosons in the intermediate state !

* MT?2 of charged leptons and MET
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2 : 2 (= By 2 (= M3
Mz, = min _ |maxqmr(pr ', Px, ), mp(Pr*, Px,)
Vx, t¥x,=Er

10 20 30 40 50 60 70 80 90 100
Mzo(pf, s, Br)
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Top quarks in the intermediate state?

* MT2 of lepton-b clusters and MET
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* Two combinations of lepton-b clusters ' &

N .

[

e Choose smaller MT2 (correct ’“1““““7 "“"“hm*%
combination found with nearly 100% 100 200 300 400

probability) Mo (7 bs, p3 by, B)

Qing-Hong Cao (Peking University)



I-b pairing efficiency

% Nearly 100% for t-channel
* > 95% for s-channel resonance heavier than 600GeV
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Minimal MT2 is also useful for SUSY/LHT search

Resolving combinatorial ambiguities is important for new physics searches
at the LHC.

For example, pair-produced gluinos with subsequent decay to LSP pair and
four jets.

. Choi, D. Guadagnoli and C. B. Park, JHEP 1111, 117 (2011), arXiv:1109.2201

MT2 method
. Baringer, K. Kong, M. McCaskey and D. Noonan, JHEP 1110, 101 (2011), arXiv:1109.0563

MT2 method
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Full kinematic reconstruction

% Four unknowns and four on-shell conditions

/

6 unknowns
.2 from MET

_le)z -

Quartic equation

— (pm -

— (pﬂz Ll pV2)2
= (pw, + Db, )’
= (pw, + Pby)° ——

Pi(’/l) +a pg(Vl) +b p,z,,.(l/l) +cp(v1)+d=0

-Pnvo-complex, two real solutions
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Neutrino momentum reconstruction

* Strong correlation between the true * Correlation

p1 and reconstructed po = S (zi —Z)(yi — )
(n —1)o0,
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Top quark polarization

* Polarization correlates with angle between
top quark spin and charged lepton momenta LI N L L I L B IO B

tR

1dT(t — bev) 1 (1+N+—N_ Cosg)

I' dcosf 2 Ny + N_

* Charged lepton follows the top
quark spin direction.

1/o do/cos
o
o

IlIIlllIllllIllIl

* Right-handed top quark yields (1 + cos 6) 05 0 05
2 cosf
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The road map

Step |: Are there top quarks in the intermediate state !

The MT2 distribution exhibits an endpoint near 771¢

Step 2: Select the “correct” combination.

Calculate the MT2 variable, then choose
the combination minimizes the MT?2 value.

[Q\

=
=
Z
S
o
o
—

Step 3: Reconstruct top quark kinematics.

Solve the kinetic equations of VW-boson
and top quark on-shell conditions.

100 200 300
M1} by 1y b, By )
Step 4: Investigate the property of the heavy
resonance, top quark polarization, top-top * efficiency > 95% for t-channel

. . . * efficiency > 95% for s-channel
-anti in correlation € y
(tOP ant tOP) SP correlatio ’ etc resonance heavier than 600GeV
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Interim summary

* Among various NP explanations of top quark A.; data, the FCNC Z-prime is

fascinating as it explains the large asymmetry found in large ttbar invariant mass
and the forward regions.

* The FCNC interaction, however, leads to same-sign top quark pair production,
which could be easily detected at the 7 TeV.

* The CMS measurement of top-antitop quark pair productions imposes a very
tight constraint on the FCNC couplings.

* The FCNC Z-prime alone cannot explain A; data.

Qing-Hong Cao (Peking University)



Color Sextet Scalar

(s-channel resonance)




The Model

* Effective Lagrangian

L= (glLEiTQQL = glRu_(jzdR) (I)6,1,1/3
g giRng(I)G,l,—Q/S i gi,R@UR‘I)(j,lA/s
+ 93045 i727qL - Pg3.1/3

3 92qL’7udRVu2 —1/6 T gqu%“RV 6,2,5/6 T h.c.,

ty tp ty
dg 3 < $g 1 < V6.9 \N<
tr tR tp

* One can measure the polarizations of both top quarks to determine the spin of
heavy resonances and also determine their gauge quantum numbers.

We implement full spin correlations in our Monte Carlo simulation.
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Color sextet scalars

R. N. Mohapatra, Nobuchika Okada, Hai-Bo Yu, arXiv:0709.1486
Chuan-Ren Chen,William Klemm,Vikram Rentala and Kai Wang, arXiv:0811.2105
Jonathan M.Arnold, Maxim Pospelov, Michael Trott, Mark B.Wise,  arXiv:0911.2225

llia Gogoladze, Yukihiro Mimura, Nobuchika Okada, Qaisar Shafi, arXiv:1001.5260
% Electroweak quantum numbers

SU2), U@y |QI=IT5+Y] couplings to

1/3 1/3 QQ,UD

1/3 1/3,2/3,4/3 QQ
2/3 2/3 DD

4/3 4/3 UU
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Narrow decay width

my

mmmm) possibly sharp peak in the tt invariant mass spectrum

o(uu — & — tt) = og(uu — ®) x A2 Br(tt),

« 2 Br(tt)
w BI‘O (tt)

oo(uu — ® — tt)

MR 4m/?
Br(tt) — RE\/l_ﬂ

’\gu + A?tR’ m%
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Production cross section
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Constraints from the Tevatron

* Top pair cross section constrained
by CDF measurement of

* Same-sign top pair search

=
-

O tt+iF < 0.7 pb
*Distribution in My,

¢+ -
’;-:E @Q;

do/dM,, [fb/GeV/c’]

—
—

L [ ) | L L 1 1 1 1 1 L L ) 1
400 &0 800 1000 1200 1400

r 1 1
10 A

LN R RN L R AR LR AR~ UnfoldedM"[GeV.fcz]

CDF: o(tt+tt)

=

L L L Lllll

o(uu — ¢ — tt)
o(uu — @) X Br(¢ — tt)

Shaded region excluded lo(uu — @)|r=1]
X A2, Br(¢ — tt)

1 llllllll
1 llllllll

Auu X Br(o—tt)

[e—

o‘
1 llllllll
1 llllllll

Hadronization region (Fo < 300 MeV)

10-3 lllllllllllllllllllIlllllllllllllllllllIlllllllllllllllllll

400 500 600 700 800 900 1000
m ¢(GeV)

Qing-Hong Cao (Peking University)



Signal and backgrounds

* Signal topology

same sign di-muons,
= 2 b-jets and MET

better reconstruction
than for electrons

* Prominent backgrounds (ALPGEN)

pp — tf—) bEW+W_, W+ — e+l/, W— — ]J, l_) — £+ Dominant
pp—)Wf‘W;jj, W — ¢ty }

pp > WIWIW—, Wt =0ty W™ — jj

pp = ZW W™, Z 00, W 54Ty, W™ = jj

backgrounds
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Simulation details

* Acceptance cuts

Pr.¢ Z 20 GeV
Pt > 50 GeV

ARee,ej,jj > 0.4

7| < 2.0
|7]_7'| < 2.5

* leptons
* jets:

X separation:

* Tagging rates / Mistag rate
€csp = 10%, for pp(c) > 50 GeV

€u,d,s,g—b ~ 1%

* Energy smearing

oE a

E v E/GeV
eptons: a=10%, b=0.7%

Jets: a = 50%, b= 3%

Db

* Signal and background (pb) before and after cuts, for 6 values of mass

me Br(tt) No cut With cut| me Br(¢t) No cut With cut |Background No cut With cut

800 0.45 91.04
900 0.46 65.14
1000 0.47 46.72

1.71
1.30
0.93

500 0.35 288.44
600 0.41 193.67
700 0.43 133.46

97.62 0.0032
9.38 0.0014
0.03 0

0.65 tt
0.45 WWjj
031 | WWW/Z
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First early hint at LHC

% More positive di-muons
* same-sign top pairs contribute an asymmetry in charge multiplicity

* strong dependence on sextet scalar mass owing to PDF dependence
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* Same-sign charge ratio gives an independent check on scalar mass
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Discovery potential

* Simple cuts to extract signal: .
P - * Shown are numbers of signal events;

* Same sign di-muons * about 4.6 background events
* Two jets with pT>50GeV 7TeV L=1fb1

0 CMS &
10 :!II!II!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILI’I’I’IJ_I—I’I'TI | ItIIIII: ATLAS

_ WIS 3
CDF: o(tt+tt)

“constraints

[
OI

INLELELLLLL
| 1

1
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—
an
X
g )
N(<10

Hadronization region (I o < 300 MeV)

3 IIIIIIIIIIIIIIIIIIIlIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

400 500 600 700 800 900 1000
m(GeV)

10
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Reconstructed event distribution

* Strong correlation between the true * The mass of the heavy resonance
Y1 and reconstructed p¥1 can be determined:
Py Py

200: O.3IIIIIIIIIIIIII
' @) my =700 GeV

L®

Pl

02 E
0.1F

o
L
QO
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o
]
S
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o
2

IIlIIIIIIl

trrrrrrrl

L

J 500 1000 1500
Reconstructed pml (GeV) m, (GeV)

&
=

.200 L
.200 -150 -100 -50 O 50 100 150 200

-
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Top quark polarization and resonance spin

* Polarization correlates with angle between 0.05 grrrr T
top quark spin and charged lepton momenta - (¢)

1dl(t — bly) 1 N. — N 0.04 "— Reconstructed
T — = - L — No cut

I'  dcosf 2 <1+N++N_ COSO)

* Charged lepton typically follows top quark spin

u
ET

0.03

0.02

1/0 do/dcosf -

* Right-handed top quark yields %(1 + cos 0)

0.01

llIIlllIllllll
llllllllllllll lllllllll

lllIllllIlllllllll

-1 <05 0 0.5
cos@u+

* Roughly 30 events required to distinguish 0.00
from unpolarized case

I—

Polarization of the top quarks can be determined.

ty tp

(I)(); (I)() ; l
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Color Sextet Vector

(s-channel resonance)




Color sextet vector mesons

* Production cross sections

10 |
400 600 800 1000 1200 1400 1600 180 400 600 800 1000 1200 1400 1600 1800

m,, (GeV) m,, (GeV)
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Color sextet vector meson

* The vector sextet must be a SU(2) doublet. It couples to a left-handed quark
and a right-handed quark according to: L

(6,2)s : €;Qiv*PrU Vj, + h.c. Ve,2

S .
6

* Top quarks are oppositely polarized,
but the net polarization distribution
of the two identical top quarks
exhibits a flat profile (i.e. like
unpolarized top quarks).

1400
1200
1000 _

800/ [

* Even though the flat profile of sextet 600
vectors is different from the one for 400/
scalars, it is interesting to see if we 200!
could determine that the top quarks ollk

have L and R polarizations. -0 -05 00
COSOhﬂ (ty)

% Can we measure the polarizations of the top quarks to distinguish
the color sextet vector and scalar mesons!? YES'"
000

yq
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Lepton energy and top quark polarization

* Lepton energy distribution is sensitive to top quark polarization.

(a) left-handed top (b) right-handed top

{

<—
L _RAVAVAVAVAVAVAVAVAVAVAY o nAVAVAVAVAVAVAVAVAVAVAVE
— e —

-t~

W (le ft—hand) " (le fl—hand)

! i
\ t t /
— _ p—

AVAVAVAVAVAVAVAVAVAVAVI __RAVAVAVAVAVAVAVAVAVAVAY o
Wi — Wi

Long Long

]+

t boost direction t boost direction

Leptons from right-handed top quark decay are more energetic
than those from left-handed top quark decay.
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Lepton energy and top quark polarization

* Lepton energy distribution is sensitive to top quark polarization.

(1/1")dI'/dx

1.0
x = 2E¢/E

C. R Schmidt and M. E. Peskin, Phys. Rev. Lett. 69,410(1992)
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Discovery potential

* LHC ( 7 TeV and | inverse fb luminosity )

0

ph > 50 GeV O
7| < 2.5

Asymmetric cuts on
lepton pT

pg_'(}reater 2 50 GeV

pg!'.,esser Z 20 GeV
7| < 2.0

Br(V—tt)

g X

Hadronization region (I',, < 300 MeV)

AR.. .5££>O.4 lllllllllllllllllllllllllllllllllllllllIlllllllll-
JJrJ%s 500 600 700 800 900 1000

m,,(GeV)
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Top quark polarization measurement

* Before lepton energy selection

0.02

D
N
e
&

>
@,

g =
O

~~

—

0

Flat profile is distorted (a)
by kinematic cuts.

-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
cost

*

0.025

1/0 do/dcos6

After lepton energy selection

(b)

e % greater i

0 b i

-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
cosf).u N

* Roughly 98 (67) events required to distinguish vector lesser (greater) from

vector unpolarized case
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Top quark polarization measurement

* Apply the same analysis to sextet scalar (gauge singlet)

0.025 0.025

vector scalar

greater . "

S
S
~
O,

" = greater i lesser

D
N
S
]

2
@)

~
o)

~

—

1/0 do/dcos6

0 :....i-;-f:'-g. | 0
-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1 -1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1

COSB,LH- COSG“ -

The %(1 + cos ) shape of sextet scalar still remains with a moderate distortion.
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Summary

% Color sextet scalar and vector mesons may be a long shot they offer good discovery
potential in early LHC running at 7 TeV

* Enhanced cross sections relative to EWV scale new physics
* 30 events (scalar) and 100 events (vector) sufficient
* Naturally large same-sign dilepton rates allow background rejection

% Search strategy

- Uﬂ+u+ = o'p' -

spin | gauge #
tritr trtp | resonance?

No

Qing-Hong Cao (Peking University)
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LHC decade

Fermilab SSC
CERN l LHCl
|

* Rate for £ = 10%%*cm 25!

Inelastic proton-proton reactions: 109/3

bottom quark pairs: 5 X 106/8
top quark pairs: 10/s
W — v 150/s
Z — 15/s
“Higgs boson (150GeV): 0.2/s
Gluino, Squarks (1TeV): 0.03/s

10%em™ sec”!

Tjet
E >025V8 T

ow-—»fv)—___

—
-
o

-
o
—
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]
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b=
o
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=
@)

Events / sec for L

(I) LHC is a factory for SM and new
O viggs TeV scale physics.

m, =500 GeV

| | LI

0.001 0.01 0.1 1.0
VS TeV
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LHC decade

Fermilab SSC
CERN l LHCl

* Rate for £ = 10%%*cm 25!

Inelastic proton-proton reactions: 109/3

bottom quark pairs: 5 X 106/8
top quark pairs: 10/s
W — v 150/s
Z — bl 15/s
Higgs boson (150GeV): 0.2/s
Gluino, Squarks (1TeV): 0.03/s

10%em™ sec”!

Tjet
E >025Y8

'/

ow-—tv)—___

O (proton - proton)

z
Events / sec for L

—
ol

(I) LHC is a factory for SM and new
TeV scale physics.

m,, =500 GeV

5,001 001 T (2) What new physics may be
observable at 7 TeV? And how!?
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Production cross sections at NLO

* NLO QCD corrections for single color sextet scalar production are available

Han, Lewis, McElmurry, 0909.2666

-

Tevatron ] 10} Tevatron
Antitriplet \ Sextet
VS =2 TeV : 10p 3% VS =2 TeV

1t : :
; NN — NLO
10" TR =—LO |

107
10~

- | p, 8 T 'y o R ) -4P ¥ RRZ] G0 1R MRS ~ v,
750 1000 1250 10500 750 1000 1250
m (GeV) m (GeV)

" 'LHC = = 4 sl ' ' LHC
Antitriplet 5 . == Sextet
VS =10 TeV ] T e VS =10 TeV

- -

- [—NLO
F |- 1O

500 750 1000 1250 1500 500 750 1000 1250 1500
m, (GeV) m (GeV)
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Questions to be answered

(2) Does each jet + lepton pair
reconstruct a top quark!?

(3) What is the mass
of the resonance?

(1) Are the muons and missing X
from W-boson decays?

(5) Are the top quarks from

(4) What is top quark
polarization!?

Need full event
reconstruction

Difficulty:
identical muons
and b jets

a scalar or vector decay!

Qing-Hong Cao (Peking University)




Reconstructed event distribution

* Can we determine the spin of the
heavy resonance?

LR

ev ents

L J\lllllll \A 11 111

"

Auu x Br(d—tt)

I

1

I
L1 11111l

Hadronization region (I" s 300 MeV)

3 lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

400 500 600 700 300 900 100
m Q,(GcV)

10

Not realistic for early LHC!

Not easy !

0.05

0.04

0.03

0.02

1/0 do/dcosb,

0.01

_lllllllllllllllllll

(b)

— Reconstructed
— No cut

|1|||||||||||1|||11‘

05 0 0.5
cos0,

It requires ~ O(1000) events to
verify the flat distribution.
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MT2 method

* When there are two heavy particles decaying into visible particles and invisible
particles, the MT2 variable may be used to measure the mass of their parent.

mr2 (minvis ) =

e
(=]
a

—— M, = 160 (GeV/c))
M, = 170 (GeVic’)

- M, = 180 (GeVic))

(Ill)lin(z) [ma‘x[mT(minvis; pg}))’ mr (mi’fw'is ’ pg?))]]
Pt sPp

e
o
&

ITITITITITITI‘I T T 1 T I LI

. IV —
mT(minvis, Pr =

2 2 VI8 INVis VI8 iNUis
\/mvis + minvis + 2(ET ET - pT ) pT

3 8

Fraction/(5 GeV/c?)
o

o
o
ry

o

* The MT?2 variable is a function of the L m‘m'(é;f,‘}c'z)l 200 250
momenta of visible particles (¢, 3 ) CDF Il (3.4 ft)
and missing transverse momentum. lIts
upper bound yields the mass of the

parent particle ( C) :

N
o

e Data

Signal+Bkgd
Bkgd only

—
o

tagged

Events/(10 GeV/c’)
-

* The method has been used in the top
quark mass measurement at the

50 100 150 200 250 300
Tevatron. m,, (GeV/c")

CDF collaboration, Phys. Rev.D 77, 112001 (2008)
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Top quark polarization

* Among the top quark decay products, the charged lepton is maximally correlated
with top quark spin.

— =—(1 0
( +N++N_ COS )

' dcos@ 2

* @ is the angle, in the top quark rest frame, between the direction of the charged
lepton and the spin of the top quark. In the helicity basis, top quark spin is along its
direction of motion.

(a) left-handed top (]_ — COS 9) (b) right-handed top (]_ —|— COS 9)
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Lepton energy and top quark polarization

* Peak positions are listed as follows:

Hao Zhang, EB, Qing-Hong Cao, in preparation.

B value

left-handed top quark

right-handed top quark
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NNLO QCD corrections

* A calculation of full NNLO QCD corrections is highly desired
* NLO corrections to ttbar + j production
(Dittmaier, Uwer, Weinzierl, 2007; Melnikov, Schulze, 2010)
* NLL threshold resummation effects (Almeida, Sterman,Vogelsang, 2008)

* NNLL threshold resummation effects : asymmetry is not expanding in O(c.)

Asymmetry is reduced by 20% at NLO but only by 5% at NLO+NNL.
(Ahrens, Ferroglia, Neubert, Pecjak, Yang 2010)
* Corrections to inclusive asymmetry at NNLO are not known.

* |t would be good to have NLO implemented in an event generator, including spin
correlations and top decays to leptons, so that experimental cuts can be fully
matched
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