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Introduction

Motivation HIGGS
- Higgs discovery: Standard Model complete Poger
- there is probably™ new physics in the Higgs sector:

hierarchy problem, dark matter, CP-violation, ...
- measurement of Higgs properties most exciting mission in the future

Era of Data: ,

- large statistics at LHC, HL-LHC, HE-LHC X b
- complex data, contains lots of information
- modern multivariate analysis techniques

- correlations between measurements

Theory:
- theory description more and more complex M ! h i

coupling modifiers k —» EFT

- predicts lots of features:
rate, kinematic distribution, asymmetries e

How to do Theory in an Era of Data?
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Introduction

complex data: Conventional Analysis:
SINITR - rate or histogram based

AEXPERIMENT T - use standard kinematic observables
B C - ¥ ] .
—» reproducible and transparent
- throw away lots of information

— limited performance

Multivariate Methods:

. L=A551(7 TaV)+19.4-20.3(8 TeV) h", B68% CL:ATLAS + CMS

- matrix-element-based, machine learning S { . [flod ey
P r l t
- many recent developments -
- use all phase-space information [ e
—» optimized sensitivity of g
- black boxes "7 %%%9%¢3

—» unsatisfying for theorists
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- we already did that in the 80th ...

theory parameters: 0

[T. Corbett et al 1505.05516]
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Introduction

complex data: Conventional Analysis:
OATLAS - rate or histogram based
SLEXPERIMEN) - use standard kinematic observables
| - —» reproducible and transparent
- throw away lots of information
— limited performance
- we already did that in the 80th ...

Can we compute the maximum sensitivity of LHC
data to theory in a transparent way!
—» Information Geometry

Multivariate Methods: theorypawrfn:se“ters 0

- matrix-element-based, machine learning "'"‘i:l: 44 ’ | ** i e o

- many recent developments ! 4 l oo ’ | {;

- use all phase-space information | . ot ‘ P
—» optimized sensitivity ol e

- black boxes o358 e " 9T
—» unsatisfying for theorists [T. Corbett et al 1505.05516]
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Introduction and Outline

Information Geometry - What is information?

Physics Example - How well can we quantitatively test
CP in the Higgs-gauge sector?

What is the maximum precision to measure
theory parameters!?

Total Information

Differential Information - Where in phase space is the information?

Information in Distributions - What are the most powerful observables?

How do histogram-based and multivariate
analyses compare!

Information in Analyses

Summary and Outlook
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Information Geometry

Measurement process f(z]6p) é( )
true parameters observables estimator

Cramer-Rao Bound [C.R.Rao 1945; H. Cramér 1946]
cov[0]00] < I;;"(60)

Fisher Information|[F Edgeworth 1908; R. Fisher 1925;...]
- encodes the maximum sensitivity
of observables to model parameters

92 log f(x]0)
aeiaej

Iij (6)) — —F 6 [Figure by ]. Brehmer]

1 8Aa 0) 0Ac(0
Ly (6) 920 (0)
AO’ (9(9@ (9(93
events
[Plehn, Schichtel, Wiegand 1311.2591; Brehmer Cranmer, FK, Plehn 1612.05261]
- Additive between experiments / phase-space regions
- Independent of parametrization of x
- Covariant under 6— 0°

- calculable using Monte Carlo: J;;
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CP in the nggs-gauge sector

Higgs-Gauge Coupling

- WBF and ZH production, H>4l decay

- same hard process

- different final state (charge measurement)

Theory Language:
- dim-6-operators of SMEFT: L D Z
- operators such as
CP-even: OWW (nggb) W W W“”
CP-odd: O, ~ (¢ ) W WHv
- goal: measure Wllson coefficients: J;

Observables: 4 independent 4-momenta p;

- CP-sensitiv observable: €,3~5 P17 p§p3p4

WBF: A¢jj Hankele, Klamke, Zeppenfeld 0609075

ZH: A¢7l Christensen, Han, Li 1005.5393,
H>4|]: ¢ Bolognesi et al. 1208.4018
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H>4| Decay

_____

interference term
do /dA¢;;[th/bin]

CP- conservmg

—3 —2 —1

A¢JJ
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Total Information

What is the maximum precision to measure theory parameters!?
- encoded in Fisher Information

Example: WBF Higgs Production with H — 77

715 —191 1\ fu
I;00)=|-191 321 —1] fuu
1 =1 359/ fuu

- sensitivity to CP-violating operator
- large mixing between CP-conserving operators
- no mixing between CP-conserving and CP-violating operators

— calculate the maximum sensitivity of any LHC process
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Differential Information

Where in phase space is the information?
- binned kinematic distribution of information

Example: Jet Rapidity Difference in VWBF
- smaller background at large An); ;
- momentum dependent operator
— largest effect at medium A7)
- strong WBF cuts (An; ;> 4.2):
— lose information of dim-6 operators

— identify relevant phase-space regions
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Information in Distributions

What are the most powerful observables?
- information of binned kinematic distribution
- minimum measurement error Af > 1/v/1

Example: Higgs coupling measurement in VWBF
A¢;;|sensitive to CP-conserving physics only
- sensitive to CP-violating physics only
- signed A¢;; probes both
- 2D histogram better, but still not close

to full information

—identify most powerful observables
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Information in Analyses

How do histogram-based and multivariate analyses compare?
Example: Information on CP-violating Higgs couplings

L =100 b1 Other operators set to zero [ 10
(=107 5 Profiling over CP-even operators | — ~
> including re-scattering effects | % 9
O LosH 3
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W v

- more sensitivity in WBF and ZH than H>4l due to larger momentum transfer
- WBF requires additional theory assumption on re-scattering

- CP-information mostly captured in asymmetry of €,43~6 p‘f‘pg pgpfl ~ A¢

- adding momentum transfer measures/multivariate analysis increase sensitivity

—Pp quantitatively compare histogram-based vs. multivariate analyses
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Information in Analyses

- much better precision possible at HL-LHC
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Conclusion

Theory in an Era of Data
- lots of data, powerful multivariate tools

i hish-di ion th 715 —191 1
- constrain high-dimension theory space L0 =|-191 321 —1
Information Geometry : —h 9
- fisher information encodes the maximum sensitivity y
of observables to model parameters o wormation |-

- calculate maximum sensitivity =
. . . . 5 7 ’3§
- !dent!fy important phase space regions 2 Lz
- identify most powerful observables £ oos| - .
- quantitatively compare analyses Y s ST
Anyj

- powerful and transparent analysis tool
- particularly easy to apply to EFT
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CP-conserving: fyrwv?/A

Outlook:

- include systematics, T L
o | TR DR .

- detector effects, missing information s N D

CP-violating: f,,7v”/A”
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What assumptions link those observables to CP?

Is WBF Higgs production sensitive to CP?
- naive time reversal T : p,S) — | —p,—5)
- I'-symmetric initial state at pp-collider
- T-invariant squared matrix element

in absence of CP-violation and re-scattering

<f‘7-’ >CP mlarlant <ZT‘T‘fT>nO re- scatter1ng<fT‘7.|ZT> N ‘<f‘T‘Z>‘2 _ ’<fT’T‘ZT>‘2

CPT-theorem optical theorem

- genuine T -odd observable € B s p(f‘pgp?)m 1
. S 1.5 - 1 fawVv2/N?=1 -
—signed angle A¢;, [ &= N
—n —-2 fuw=1
£.5 10 CP-violation - V2N =i
| ww
8£ L
e e -
U—2051 __ Lo
Agb is sensitive to CP-violation 5 S i | re-scattering
__I I__ R T
if re- scatterlng effects are known to be small £ ,, 1
O~ | e | | .
==y I
E-% :L_ |
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