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CP symmetry tests
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cPvs T CandPand Tand T

IEBEEEEs — transformations on state with spin/momentum

o Clé(p,s) = |6"(0.5))  Plé(p.8) = no [6(~p. ) To(p.s)) = (&(~p.—9)|
ZH — transformation of complex scalar

S Co(t, X)C™" =ned™(t, %)  Po(t, X)P™" = npo(t, %)  To(t, )T = ¢(—t, %)

— naive time reversal avoiding inital + final state

Tle(p. ) = |¢(—p, —5))
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ZH — transformation of complex scalar

S Co(t, X)C™" =ned™(t, %)  Po(t, X)P™" = npo(t, %)  To(t, )T = ¢(—t, %)

— naive time reversal avoiding inital <+ final state

T 16(p, 8)) = |6(—p, —5))
U-odd vs genuine U-odd observable [U = C, P, T, theorists wanting ‘genuine’]
p(|7)

oy = Uln) = —o(liy — ) "YU o) =0

genuine T-odd means CP-violating theory, provided

1- phase space T-symmetric .
2- initial state distribution invariant under T
3- not re-scattering

= use T as proxy to CP
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CP in Higgs-gauge sector

Dimension-6 Lagrangian

— CP-conserving couplings  (defining Higgs properties]

Oa =ig (D"0N)(D'®) B Ow =13 (0"9)'a" (D" 6) W,
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— CP-violating couplings  (defining cP-violation]
g/2 .

Opg = =4 (#'9) Buv B o

— processes with same vertex/information

q q

q q

= fit Lagrangian, but choose symmetries first
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Information geometry
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cPvs T Quantify what is there to learn
Higgs sector . .
— covariance matrix [measurement error in model space g
Information
WBF Ci(9) = E [(& — a)(g — gj)}g]
ZH — Fisher information [sensitivity in model space]
Comparison 2
97 log f(x|g
ha) = £ | Floatxia)
ag; 0g;

Cramer-Rao bound
Ci(@) > (" )j(9)

- model-space distance [probability to measure gp, with true ga]

d(95:92) = 1/(9a — 96); 15(92) (9a — G);

— phase space distribution  [phase space x|

L 82 log
lj = — 8ogjdog; — Lo E |:097(X\g)
o

ag; 9g;
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Information geometry

Quantify what is there to learn

covariance matrix [measurement error in model space g]

Ci(9) = E [(&i — 3)(g — g)|9]

Fisher information [sensitivity in model space]
lj@) = —E [

Cramer-Rao bound

& log f(x|g) g
a9; 9g;

—1
Ci(@) = (I )(9)
model—space distance [probability to measure gy, with true ga]

d(9vi 9a) = \/(ga — 9b)i lj(92) (92 — 9b);

phase space distribution [phase space x]

L
I,‘j: — 6ag,-aogj—LoE{
o

82 log V) (x|g)

ag; 9g;

1- use elipses of constant distance for correlations
2— diagonalize /;, define model-space eigenvectors
3— compute information in distributions or phase space regions

=

a modern tool to get things right

|



Application to WBF production
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cPvs T Testing CP in WBF
Hi S sectol

o ' — four external 4-momenta — 10 scalar products
Information
WeF four external masses _
o four C-even, P-even, T-even

one C-even, P-odd, T-odd

Comparison

cuvpo K I a7 @5 = O = euupo K' kg a7 a5 sign[(ki — ke) - (g1 — )]
— azimuthal angle difference pab frame]
O=2E_(§- xd;) ks — sinAg;
— CP asymmetry

do(A¢j) — do(=Agy)
do(Agj) + do(—Agy)

— separating dimension-6 effects

an d)jj =

-0.10 —-0.05 0.00 0.05 0.10
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CPvs T Testing CP in WBF

Higgs sector

‘ — four external 4-momenta — 10 scalar products
nformation

T four external masses

four C-even, P-even, T-even

one C-even, P-odd, T-odd

ZH
Comparison
€uvpo Ki' kg a7 &8 = O = euvpo K kg q7 a7 sign[(ki — ke) - (g1 — q2)]

— azimuthal angle difference pab frame]

O=2E_ (G- xG;) -k — sinAg;

— CP asymmetry

faif 2]

0.10 1

do(A¢j) — do(=Ag))
do(Ag¢y) + do(—Ady)

— separating dimension-6 effects

S
I:
I:

aAd)}.j =

0.05

= testing CP, but assuming no re-scattering

—0.101
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Application to ZH production

Testing CP in ZH production

— same 10 scalar products as for WBF
— CP-o0dd and T-odd angle

O1 = euvpo ki'k3' G} q7— sign((ki — k2) - (g1 — G2))  —  sinlgy

— CP asymmetry

aA(,)M =

— CP-odd and T-even, requiring second phase s

O, — AEy O3 — Apr ¢
— separating dimension-6 effects

—0.50

—0.751

do’(A(bu) — dU(*A(IﬁM) 0751
do(Agee) +do(—Ager) 0501
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Application to ZH production
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CPvs T Testing CP in ZH production
Higgs sector
: — same 10 scalar products as for WBF
nformation
WBF — CP-odd and T-odd angle
2 O1 = euvpo ki'k3' G} q7— sign((ki — k2) - (g1 — G2))  —  sinlgy
Comparison
— CP asymmetry — .
- |
a _ do’(A(bu) — dU(*A(IﬁM) 0751 | : |
IA = <
200 = 4o (Do) + do(—Ader) os0{ I 3 :
A » S i
— CP-odd and T-even, requiring second phase s | : E i
X : i
O, — AEy O3 — Apr ¢ é 0.0 I|
— separating dimension-6 effects E . i
-02s54 1 i fuy 3
= testing CP no assumtions : : T
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Application to ZH production

Testing CP in ZH production

— same 10 scalar products as for WBF

— CP-o0dd and T-odd angle

O1 = €pvpo k{‘kz”qg+ q;- sign((ki — k) -

CP asymmetry

dU(A¢ge) — do(—Aqﬁu) 0751

a =
AP = do(Ader) + do(—Depee)

— CP-odd and T-even, requiring second phase s
O, — AEy, Oz — Apr e

— separating dimension-6 effects

= testing CP no assumtions

Testing CP in H — 4¢ decays

— again same 10 scalar products
— momentum flow limited by my

— reach for CP-even operators shit
= what'’s the point...
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(g1 — @) — sinAdy
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Summary

I eigenvalues

L=100 fb~t

Eigenvector composition: Op,2 Ow Oww Owiw Im Oy Im Oy others

Other operators set to zero
Profiling over CP-even operators
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