A new CP violating observable for the LHC

Joshua Berger

Cornell University
with Monika Blanke and Yuval Grossman
arXiv:1105.0672

Phenomenology 2011
University of Wisconsin-Madison
May 9, 2011

Josh Berger (Cornell University) A new CP violating observable for the LHC Pheno 2011 0



The LHC era has begun!

After discovery:
@ Identify new states
@ Measure masses and spins

© Measure couplings, flavor structure, CP-violation
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Seeing CP-violation
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Requirements:

@ Two interfering amplitudes a, as
@ Different weak (CP-odd) phases ¢1, ¢
@ Different strong (CP-even) phases 01, d2

.Acp X |(11 Hag\sin(qﬁl — gbg)sin(él — (52) J

How can we get a calculable strong phase? )
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A new calculable strong phase

Requirements:

© Heavy Majorana fermion
@ Three-body decay

© On-shell charged resonance

Result:

CP-asymmetry in Dalitz plot J
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Strong phase from the propagator
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Strong phase from intermediate particle

@ Different particles

@ Different virtuality
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A toy model

Heavy neutral particle: X8
Charged resonance: Y=+

Lighter particles: X", X9

XQ-------- < = —iae'?e X3

One weak phase: ¢ = ¢ — @,
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Toy model decays

Relevant decay: Xg — XfLXZ_Xg
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Two diagrams, different weak phase, different strong phase ]
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Source of strong phase

diff : 2 2
AGp o sin2¢(q13 — ¢3)I'ymy ]
160000
140000
diff _
B 120000 ACP =0 if
f 0
< 100000 . ] (p =
&
— 2 _ 2
80000 Y FY =0or 473 = 53
diff H 2
60000 AZp maximal T'ymy from my,
40000
40000 60000 80000 100000 120000 140000
q15” [GeV?]

Josh Berger (Cornell University)

A new CP violating observable for the LHC Pheno 2011 05/09/2011 8 /11



An MSSM example

Heavy neutral particle: 9 ( B)
Charged resonance: H*

Lighter particles: fo, %l

X2
X3 g X7
H+ .
Xy

One weak phase: arg(ub*Ms)
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MSSM results
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The ingredients

Recipe for Dalitz plot asymmetry:

@ Heavy Majorana particle
@ Three-body decay

@ On-shell charged resonance

Looking for an ideal candidate! J

Josh Berger (Cornell University) A new CP violating observable for the LHC Pheno 2011 05



