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CP violation & new prsn'cs

SM sources:
e  CKM matrix.
. PMNS matrix. } small effects

..and the F . I term — apparently zero.

A good window into possible new physics (NP)

We N‘ E E lD istronger CPV: there’s no us without it (BAoU)

Many forms of NP readily supply the need.
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CPand T,

e | assume CPT invariance holds.
* Unitarity of the S matrix:

ATy =GITIH =Y mlTIH T (S=1+iT)

Ln J
1

Final state interactions (FSI)

T is Hermitian up-to FSI corrections.
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useful for characterizing some CPV
effects —no fundamental significance

Define ‘naive’ time reversal:

|f -
O=0(ps.s1) % ~0
\_'_I

Final state momenta & spin

4 _fRdO'O\

Ty —invariant /
\ phase-space region /
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A promn'su'ng LHC process

Of the many final states,
(X

are useful for measuring SM properties and NP searches.

Also useful in CPv searches. Will look at

pp X3
pp X3
op — 00—t + X, '5\/

0,0 =e, puT)
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AS =61 — by
AP = ¢z — ¢

M opspr—po—- =

Map—prto-o+ =

0.: CP even (FSI)

#: CP odd

M ot (#1461) 4 Mzei(¢2+52)

~ Parton-level amplitudes

Parton-level cross sections

A6 qp—spr—p+o— =W + U cos(Ad + Ag) + V'sin(Ad + Ag)
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A6 5 prsp—pr =W + U cos(AS — A¢) +V sin(AS — Ag)
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00

T, odd/observables

/ Sensitive to tree-level CPv

CP-odd = (O) o cos Adsin A¢ D07 € ayinineiiies

O \ CP-even initial state

CP-even = (O) o sin Ad cos A¢

N

Requires CP-even phases (FSI)
— higher-order effect
—> 0(0.1%) CP asymmetries
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Chose
Ocp = Pp— + (De+ X Dy-) Ocp = P+ - (Pe— X Do+

that are T-odd, and
0 4EWp - O

Construct the T-odd asymmetries

—Op>0)—N(—0cp<0

AT _ N(Op>0)—N(Ocxp<0) AT N

( )
 N(Op>0)+N(Op<0) ~ N(=0cp>0)+N(—0c<0)

And an observable sensitive to CPv :

Acp = 5 (AT — AT)
May be affected by CP-
even contributions.
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More explicitly:
PDF’s
——
fR add - fafb vV |OCP|

_ d® - fofo - (W +U - Ao+ A
Ap = T, sin(AS — Ag) fR\ffb ( cos( )

Ag = Ty sin(AS + A¢)

Ia,b XX

Ty even phase-space region

- -
@b <in AJ cos A

‘Bona fide’ CPv contribution

Vanishes if A¢=0

Insensitive to small CP-even phases 40
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Example

New physics:
* Decoupling
* Weakly coupled
* Not directly observed

L = Lsy
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Can be generated by

Sl = (311;_1/3)
R, "~ (3,2,7/6)
leptoquarks, in which case

| fs 1=41/fo |
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Reaction of interest (representative diagrams):

Mixing 15t &2nd

u
g
generations with the 3™ Witht > bve

There is no NP-SM interference - CPv is purely NP-generated
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Sept. 2023

Acp ~

1

Levi-Civita product

¢ (pU7p£’+7p£+7p£_) ' FIm (fsf{f)

(SM) + - [terms o |fs?, | fr]?, Re(fs - f2)]

A

Mainly (inclusive): pp — W Z + X

Subdominant (important when b tagging): pp — ttZ, ttW, tttt
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Simulation

Looked at (as an example)
pp e’y - +X

Selection:
m(u” = ) > My (05 17 )

... plus minimal acceptance and threshold restrictions (no detector modeling)

(No b-tagging, though it can suppress the main SM background.)
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:Im( fs f1%) =

0.25

— -9~ -9

—4—ug-fusion (tutl), A =1
-§ cg-fusion (tcll), A =1

/

Stat. uncertainty only (£ =1000 fb!)

Stat. uncertainty only (£ =3000 fb!)

. ‘ E RESULTS
|I ..
; X200 — -

200 250 300 350 400
+.-
m__(I'T) [GeV]

450

ug-fusion : A =1(2) TeV | cg-fusion: A =1(2) TeV
Acp 11.1% (7.9)% 3.9% (0.7)%
Ar 16.4% (13.5)% 3.1% (0.5)%
Ar —5.8% (—2.3)% —4.7% (—1.0)%

Mpin (/u+ /,l_) =400 GeV
L =1000 fb~!
A=1TeV
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~100 SM trilepton events
~10* NP trilepton events
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summary

e Trilepton final states provide an O(10%) CPv asymmetry

* A challenging probe of CPv @ LHC

* Other T, — odd observables can improve the asymmetry, e.qg.
e = P (Po X o)’

... but not dramatically.
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