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Two recent works on massive graviton productions at hadron
colliders:

e Graviton production with 2 jets at the LHC in large

extra dimensions
by KH, P.Konar, Q.Li, K.Mawatari, D.Zeppenfeld,

JHEP 0804:019(2008)[arXiv:0801.1794[hep-ph]]

e HELAS and MadGraph/MadEvent with spin-2 particles
by KH, J.Kanzaki, Q.Li, K.Mawatari,
EPJC 56:435-447(2008)[arXiv:0805.2554[hep-ph]]

There were two motivations for the above works:
e jet physics as a probe of new physics

e tools for simulating new physics models



We found (confirmed the naive expectation) that
o(2jets)/o(1ljet) grows with the missing mass

when the missing pr is common. This type of studies will be helpful
in estimating the mass of a singly produced missing particle.

However, we failed to identify interesting angular correlations among
two high pr jets and the missing pr direction, from which we hoped
to obtain information about the spin of the produced particle.

This is in contrast to the observation made for H + 2 jets production,
where the jet angular correlation can reveal its CP parity:

e H -+ 2 jets via gluon fusion
by V.Del Duca, W.Kilgore, C.Oleari, C.Schmidt, D.Zeppenfeld,
PRL 87:122001(2001)[arXiv:hep-ph/0105129]

e Determining the structure of Higgs couplings at the LHC
by T.Plehn, D.L.Rainwater, D.Zeppenfeld,
PRL 88:051801(2002)[arXiv:hep-ph/0105325]

e Gluon fusion contributions to H + 2 jet production
by V.Del Duca, W.Kilgore, C.Oleari, C.Schmidt, D.Zeppenfeld,
NPB 616:367(2001)[arXiv:hep-ph/0108030]



We try to understand the jet angular correlations associ-
ated with vector-boson (gluon, W/Z/~) fusion production
of a massive particle (X) with spin 0 and 2 (Jx = 0 or 2):

qq — qqX via g g WW* Z*Z* 7"y 4"y — X
q9 — qgX via g'¢g"- — X
g9 — ggX via g'g"- — X

The results are then compared to the correlations in X
decays into 4 jets (or 4 leptons):

X WAWE, ZF 25 2 o (T
X — g'¢" —qqqq
X — g"9" — qq9g
X — g°g" — 9999

where ff can either be a quark-pair or a lepton-pair.









The helicity amplitudes for the VBF processes
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I) the q1 Breit frame (Q1 = +/—q%, 0 <01 <w/2 and 0 < ¢1 < 2m):
q’f=k“ k”Z(OOOQl)
Kl =

Ky =

Qcosg (1, sin 61 cos é1, Sin 61 Sin ¢1, cos 1)

(1, sin 01 cos @1, sin 1 sin ¢1, — COSH1)

2c059

II) the g» Breit frame (Q2 = +/—¢3, ©/2 < 62 <7 and 0 < ¢2 < 27).
q’2”=k:”’ k:”’=(0 0, 0, —Q»)
kb = — (1, sin 0> cos ¢, sin 6> sin ¢, COs )
kliy =

2c059

2cose (1 sin 6 COS(an sin 6> sin ¢2, —COSQQ)

III) the VBF frame
Q1+qM_PM:q/'UJ+q/'UJ: (M7 07 07 O)

di =5 (1 - %52, 0,0, 5)

=751 %9307 0, —8)
q’l”z%(l—l—q1 % 3'sin®, 0, 3 cos©)
q’z”:%(l—kqézw —3'sin®, 0, —3'cos ©)

where 3 = 3( — %, —%) and @ = B(]%; sz) with

B(a,b) = (14 a2+ b2 —2a — 2b — 2ab)1/2.
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C' P-even C'P-odd
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With the minimal cuts:

T, > 20 GeV, |77j| <5, Ry = \/An]?j + Aqbfj > 0.6

plus the VBF cuts:

N, > 0> mj,,  Ang = 15 — N5 > Anjimin

we find

OVBF/Oexact Anj; >3

A??jj > 4

A??jj > b5

49 — qqH/A/G | 1.00/1.00/1.58
q9 — qgH/A/G | 1.07/1.05/1.30
99 — 9ggH/A/G | 1.07/1.06/1.16

1.00/1.00/1.43
1.04/1.03/1.18
1.04/1.04/1.11

1.00/1.00/1.25
1.02/1.02/1.11
1.02/1.02/1.07

In addition, if we impose the pr, slicing cut:

20 GeV < pr, < 100 GeV

we find

OVBF/Oexact Anj; >3

A??jj > 4

A??jj > b5

qq — qqH/A/G | 1.00/1.00/1.02
q9 — qgH/A/G | 1.04/1.04/1.07
99 — ggH/A/G | 1.05/1.05/1.09

1.00/1.00/1.02
1.03/1.03/1.06
1.04/1.04/1.07

1.00/1.00/1.02
1.02/1.02/1.04
1.02/1.02/1.05
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