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Theory for the LHC

All this ‘field in crisis’ bullshit

1- particle physics has plenty of data

2- our standard theory works, if anything, too well

3- we have a big goal: dark matter

4- dead new physics models are fun

– but we should fight for the best students
let young people with new ideas run
become inventive again ourselves
stop defending physics by committee

Combining experiment and theory helps

– simulation tools [amazing progress]

– precision predictions [more amazing progress]

– interpretation frameworks [not model preaching; not amazing progress]

– analysis ideas [our future; not enough progress]

⇒ hard work, but students love working together
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D6 Higgs operators

D6 Lagrangian at face value [HISZ, Warsaw, Trott etal, Goncales-Garcia etal]

– assume Higgs-Goldstone connection [rather than κ framework/non-linear EFT]

– set of Higgs doublet operators [linear realization]

OGG = φ
†
φGa

µνGaµν OWW = φ
†ŴµνŴµν

φ OBB = · · ·

Oφ,2 =
1
2
∂
µ
(
φ
†
φ
)
∂µ
(
φ
†
φ
)
OW = (Dµφ)†Ŵµν(Dνφ) OB = · · ·

– actual basis after equation of motion, etc

LHVV =−
αsv
8π

fg
Λ2
OGG +

fBB

Λ2
OBB +

fWW

Λ2
OWW +

fB
Λ2
OB +

fW
Λ2
OW +

fφ,2
Λ2
Oφ,2

– Higgs couplings to SM particles [plus 3 Yukawa structures and γZH]

LHVV = gg HGa
µνGaµν + gγ HAµνAµν

+ g(1)
Z ZµνZµ∂νH + g(2)

Z HZµνZµν + g(3)
Z HZµZµ

+ g(1)
W

(
W +
µνW−µ∂νH + h.c.

)
+ g(2)

W HW +
µνW−µν + g(3)

W HW +
µW−µ + · · ·

– 4+3 κ-modifiers plus new Lorentz structures
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– 4+3 κ-modifiers plus new Lorentz structures

Global Higgs analysis

– SFitter interested in data

– correlations nasty
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D6 Higgs operators

D6 Lagrangian at face value [HISZ, Warsaw, Trott etal, Goncales-Garcia etal]

– assume Higgs-Goldstone connection [rather than κ framework/non-linear EFT]

– set of Higgs doublet operators [linear realization]
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†
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– 4+3 κ-modifiers plus new Lorentz structures

Global Higgs analysis

– SFitter interested in data

– correlations nasty

– distibutions crucial

– my favorite Run II input
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D6 Higgs-gauge operators

Triple gauge couplings [Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, TP, Rauch]

– adding one more gauge operator

OW = (Dµφ)†Ŵµν(Dνφ) OB= (Dµφ)†B̂µν(Dνφ) OWWW = Tr
(

ŴµνŴνρŴµ
ρ

)
– pre-gauge-invariance known as DeltaKappaLambda

∆LTGV =− ie ∆κγ W +
µW−ν γ

µν −
ieλγ
m2

W

W +
µνW−νργµρ −

igZλZ

m2
W

W +
µνW−νρZ µ

ρ

− igZ ∆κZ W +
µW−ν Zµν − igZ ∆gZ

1

(
W +
µνW−µZν −W +

µ ZνW−µν
)

∆κZ ∼
v2

Λ2

(
c2

w fW − s2
w fB
)

∆gZ
1 ∼

v2

Λ2
fW λZ ∼

m2
W

Λ2
fWWW
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ŴµνŴνρŴµ
ρ

)
– pre-gauge-invariance known as DeltaKappaLambda

∆LTGV =− ie ∆κγ W +
µW−ν γ

µν −
ieλγ
m2

W

W +
µνW−νργµρ −

igZλZ

m2
W

W +
µνW−νρZ µ

ρ

− igZ ∆κZ W +
µW−ν Zµν − igZ ∆gZ

1

(
W +
µνW−µZν −W +

µ ZνW−µν
)

∆κZ ∼
v2

Λ2

(
c2

w fW − s2
w fB
)

∆gZ
1 ∼

v2

Λ2
fW λZ ∼

m2
W

Λ2
fWWW

– VV combination [by theorists??]
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– VV combination [by theorists??]

– perfect correlations
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– VV combination [by theorists??]

– perfect correlations

– preliminary 13 TeV update
game changer: t t̄H rates
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More D6 operators at LHC

QCD@D6: the most nasty D6 operator [Krauss, Kuttimalai, TP]

– the real reason to do black hole searches: ST ≈
∑

jets ET

– dimension-6 operators

Oqq = q̄γµq q̄′γµq′︸ ︷︷ ︸
2−3 jets

OG = fabcGaν
µ Gbλ

ν Gcµ
λ︸ ︷︷ ︸

&5jets

⇒ beating Higgs by a mile: Λ/
√

c & 5 TeV [still needs update]
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More D6 operators at LHC

QCD@D6: the most nasty D6 operator [Krauss, Kuttimalai, TP]

– the real reason to do black hole searches: ST ≈
∑

jets ET

– dimension-6 operators

Oqq = q̄γµq q̄′γµq′︸ ︷︷ ︸
2−3 jets

OG = fabcGaν
µ Gbλ

ν Gcµ
λ︸ ︷︷ ︸

&5jets

⇒ beating Higgs by a mile: Λ/
√

c & 5 TeV [still needs update]

top@D6: connecting Higgs to flavor

– Run I limits similar to Higgs-gauge EFT

– for news wait for Kevin
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Finding information in phase space

Parameter dependence of kinematics [Brehmer, Cranmer, Kling, TP]

1– Fisher information calculable starting point
Iij (g) ∝

[
∂2 log f (x|g)

∂gi ∂gj

∣∣∣∣∣g
]

additive for phase space integration

2– Cramer-Rao bound [(co-)variance> 1/Fisher information]

linking information to ideal analysis outcomes

similar to Neyman-Pearson for discrete hypotheses
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Finding information in phase space

Parameter dependence of kinematics [Brehmer, Cranmer, Kling, TP]

1– Fisher information calculable starting point
Iij (g) ∝

[
∂2 log f (x|g)

∂gi ∂gj

∣∣∣∣∣g
]

additive for phase space integration

2– Cramer-Rao bound [(co-)variance> 1/Fisher information]

linking information to ideal analysis outcomes

similar to Neyman-Pearson for discrete hypotheses

Applied to D6 in WBF H → ττ

– information distribution
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Finding information in phase space

Parameter dependence of kinematics [Brehmer, Cranmer, Kling, TP]

1– Fisher information calculable starting point
Iij (g) ∝

[
∂2 log f (x|g)

∂gi ∂gj

∣∣∣∣∣g
]

additive for phase space integration

2– Cramer-Rao bound [(co-)variance> 1/Fisher information]

linking information to ideal analysis outcomes

similar to Neyman-Pearson for discrete hypotheses

Applied to D6 in WBF H → ττ

– information distribution

– distributions vs full phase space
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Finding information in phase space

Parameter dependence of kinematics [Brehmer, Cranmer, Kling, TP]

1– Fisher information calculable starting point
Iij (g) ∝

[
∂2 log f (x|g)

∂gi ∂gj

∣∣∣∣∣g
]

additive for phase space integration

2– Cramer-Rao bound [(co-)variance> 1/Fisher information]

linking information to ideal analysis outcomes

similar to Neyman-Pearson for discrete hypotheses

Applied to D6 in WBF H → ττ

– information distribution

– distributions vs full phase space

⇒ full statistical analysis
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Finding information in phase space

Parameter dependence of kinematics [Brehmer, Cranmer, Kling, TP]

1– Fisher information calculable starting point
Iij (g) ∝

[
∂2 log f (x|g)

∂gi ∂gj

∣∣∣∣∣g
]

additive for phase space integration

2– Cramer-Rao bound [(co-)variance> 1/Fisher information]

linking information to ideal analysis outcomes

similar to Neyman-Pearson for discrete hypotheses

Applied to D6 in WBF H → ττ

– information distribution

– distributions vs full phase space

⇒ comparison of channels [CP-measurements]
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More questions than answers

EFT consistency?

– UV-models predict patterns in D4-D6-D8, problem for matching@D6

– missing D8-operators, theory error for matching@D6

– but: limits on single Wilson coefficients make no sense

Fundamental physics from EFTs?

– symmetries assumed, not derived [better CP-tests before]

– EFT good for measurements [this is what hurts DM-EFT]

– nobody uses an EFT for an anomaly

Where are we going?

– global SMEFT analysis? [Sanz...]

– where data takes us

– for a drink [Kevin and Sandra first]
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