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• Motivation

• Main new development: Formula that deals with a non-conjugate 
initial state, i.e. pp collider such as LHC e-Print: 2212.09433 [hep-ph]

• Application to multilepton FS

• Summary 
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BNL’64
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(Christenson) Cronin, Fitch (& Turlay), PRL’64

• KL => 3 pi, most of the time but once in a purple moon it also goes 
to 2 pi

• This is an example of indirect CPV
• Nevertheless it has the profound consequence that CP is not a 

symmetry of nature! 
• => Weak shall “inherit the earth”
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More on BNL ‘64 Expt

• BNL’64 Cronin+Fitch, Br (KL =>2 pi)  => not eq 0; CP is not a 
symmetry of nature

• Naturalness arguments then suggest  any new physics  scenario to 
entail BSM CP-odd-phase(s) 

• Explicit examples of popular BSM back that assertion: 2 Higss DMs, 
LRSM, warped XDIM, SUSY, r RPV-Susy or LQMs

• Moreover, SM-KM CP cannot seem to a/c for baryogenesis
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Only go after CP: surest way to 
see real NP& grab the NP and run! 
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Sample of previous attempts @ the EF

Two problems with this:
I. This is not for LHC (a pp machine) 

II. Moreover, we know now that we are in the 
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II. Example
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Rigorous formula dealing with initial state that is  NOT 
self-conjugate as for pp colliders [LHC and hadron 
colliders for the future] 
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•e-Print: 2212.09433 [hep-ph]
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Two interfering amplitudes 
• As always for CPV to be observable, need (at least) two interfering
amplitudes M1 and M2 with CP even (delta1 and delta2) and CP odd
(phi1 and phi2) phases

•
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Simple observable to serve as an illustrative example
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Summary + Conclusion (p1 of 2)

• Naturalness arguments suggest existence of BSM phase
• Besides does not seem SM-KM phase is enough to a/c for 

baryogenesis
• In this regard it is important to keep in mind our past experience: 
Indirect CP epsilon_K ~10^-3 ; several experiments gave up too soon.

That era is similar to our current situation…We have no clue about 
the relevant energy scale…Patience and of course accuracy is 
essential
The search for new CP-odd phase(s) should continue on all frontiers
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Summary + Conclusion p.2 of 2

• Presented a formula that deals with CPV when the initial  state is 
not self-conjugate, for example, pp colliders.

• As an illustration studied final state with  3 leptons: CP asymmetry  
may be O(10%) for ug fusion or O(few %) from cg fusion
for new physics scale of O(1 TeV) 
• Falloff with scale for ug fusion is rather slow but rather fast 
for cg fusion                             
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