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D6 Higgs operators

D6 Lag rangian at face value  [Hisz, warsaw, Trott etal, Goncales-Garcia etal]

set of Higgs operators
Ocg = 61 0G5, G Oww = ¢ W, W Opg=---

Op = 20" (66) 04 (676) Ow = (D) W (D,6) O5 = -

actual basis after equation of motion, etc

asv fas fuw f fw fo.
M= — 83 Ag2(966+ OBB+ Oww+ E;OBJr - 0w+ 2(9¢,2

Higgs couplings to SM particles  [plus Yukawa structures]
" = gy HGS, G + gy HALL AMY
+0) 2,,2"0"H + ¢P HZ,., 2" + ¢ HZ.Z"
+ayy (Wi, W™ 0" H+he.) + gy HW, W™ + gi) HWIW™# 4 ...
7 A-like coupling modifications
extended by 4 new Lorentz structures
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D6 Lag rangian at face value  [Hisz, warsaw, Trott etal, Goncales-Garcia etal]

— set of Higgs operators
Oga

616G, G Oww ='W WHo  Opg =

Op = 20" (66) 04 (676) Ow = (D) W (D,6) O5 = -

— 7 A-like coupling modifications
extended by 4 new Lorentz structures

Run | Iegacy [not enough analyses for Run Il upgrade]
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D6 Higgs operators
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Higgs EFT D6 Lagrangian at face value [Hisz, warsaw, Trott etal, Goncales-Garcia etal]

Weak EFT .

DT — set of Higgs operators

Distributions Oga = ¢T¢Gi,, G Oww = ‘b* W,uu ij¢ Ogg="-"-

Op = 20" (66) 04 (676) Ow = (D) W (D,6) O5 = -

— 7 A-like coupling modifications
extended by 4 new Lorentz structures

Run | Iegacy [not enough analyses for Run Il upgrade]

— kinematics: pr v, Adj
— SM Higgs
,,,,, fy/ A=l /A’=20Te V>
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D6 Higgs operators

D6 Lagrangian at face value [Hisz, warsaw, Trott etal, Goncales-Garcia etal]

— set of Higgs operators
Oga = ¢T¢waGa‘“’

Ouz = 30" (610) 0 (66) Ow = (Due) W (D,4) O

— 7 A-like coupling modifications
extended by 4 new Lorentz structures

Run | Iegacy [not enough analyses for Run Il upgrade]

— kinematics: pr,v, Ay

— Run I Higgs limits ;2
[Tev?)

0++++.$|§%*{

-10
-20
-30

-40 @ rate only
@ rate+distributions

-50

[e] [e] Q [e] % (e]

% m % %

Oww = ¢T Wuu W“U(b

L=4.5-5.1(7 TeV)+19.4-20.3(8 TeV) fb™!, 68% CL: ATLAS + CMS

Opg =

%

AT 1A%,
[TeV] rrevg ]
05
05
0
03
0.25
5
0.2
-10
0.15
-15

~O
Ne)
~QO

>

P

0.

—“g—

0.4

0.3

<=l



D6 Higgs operators
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Higgs EFT D6 Lag rangian at face value [HISZ, Warsaw, Trott etal, Goncales-Garcia etal]
Weak EFT .
CEDE — set of nggs operators
_ 4t a v _ i A/ .
Distributions Oce = ¢ ¢GMVG Oww = ¢ W,ul/ w ¢ Opg =

Og2= 158u (¢f¢) O (¢T¢> Ow = (Do) W (Dy¢) Og =+

— 7 A-like coupling modifications
extended by 4 new Lorentz structures

Run | Iegacy [not enough analyses for Run Il upgrade]

— kinematics: pr,y, Agj
— Run | Higgs limits 240
but strongly correlated... [T§V'2] 20
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fy/AZ [TeV?




D6 Higgs operators
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Higgs EFT D6 Lagrangian at face value [HISZ, Warsaw, Trott etal, Goncales-Garcia etal]
Weak EFT .
— set of nggs operators
A t a  ~auv 1A Ay
Distributions Oge = ¢ ¢GW/G Oww = ¢ W;“/ W* ¢ Ogg="-"--

Op = 30" (66) 0, (676) Ow = (D) W (D,6) O5 = -

— 7 A-like coupling modifications
extended by 4 new Lorentz structures

Run | Iegacy [not enough analyses for Run Il upgrade]

— kinematics: pr,y, Agj
— Run | Higgs limits
but strongly correlated... [T§V'2] 20
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D6 Higgs-gauge operators

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

— just one more gauge operator

Ow = (Du¢)T W“’"(DM)

Op= (Du ¢)T BHU (DV ¢)

Owww = Tr (W“ wre W;)
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D6 Higgs-gauge operators

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

— just one more gauge operator

Ow = (Du®)' W' (D,¢)  Op=(D,9)' B"(D.6)  Owww =Tr (Wi W W)

— pre-gauge invariance known as DeltaKappalLambda

o -
Alray = o Any WIW, " = 2 WIW P = S0E WL W)
w my,
—igz Arz WiW, ZH — gz AgY (WIV WHZv _ szuww)
2,2 5 5 5
gV 2 2 z gV B 3¢ MW
Akz = 8(;5,,7/\2 (waw - Swa> Agy = W W s = o

foww
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D6 Higgs-gauge operators

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

— just one more gauge operator

Ow = (Do) W* (D, ¢)

— kinematics: pr , in VV production

Op= (D.¢)"B" (D, ¢)

OWWW =Tr (VAV‘“, WV‘J AZ:)
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D6 Higgs-gauge operators

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

— just one more gauge operator

Ow = (Du®)' W' (D,¢)  Op=(D,9)' B"(D.6)  Owww =Tr (Wi W W)

— kinematics: pr , in VV production
— combined LHC channels
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D6 Higgs-gauge operators
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Higgs EFT Trlple gauge couplings [Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, TP, Rauch]
Weak EFT .
— — just one more gauge operator
Do Ow = (Du®)' W' (D,¢)  Op=(D,9)' B"(D.6)  Owww =Tr (Wi W W)
— kinematics: pr , in VV production T I
— combined LHC channels £ 200
| L
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— cleaning Higgs-sector correlations ‘ ot
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D6 Higgs-gauge operators

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

— just one more gauge operator

Ow = (Du¢)T W“’"(DM)

Op= (D‘LqS)TB“V(DV(;S)
kinematics: pr ¢ in VV production
combined LHC channels

cleaning Higgs-sector correlations

= complete Higgs-gauge analysis
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That other gauge theory

Tilman Plehn
Higgs EFT The most nasty D6 operator, appearing everywhere  [krauss, Kutiimalai, TP]
Weak EFT .
DT — making sense of black hole searches
Distributions
Sr~> Er

jets
— dimension-6 operators

O = 31,9 §7"q O =l G G, G

2-3jets > Sjets
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Higgs EFT The most nasty D6 operator, appearing everywhere  [krauss, Kutiimalai, TP]
Weak EFT .
DT — making sense of black hole searches
Distributions
Sr~> Er

jets
— dimension-6 operators

Ogq = G109 §7"q  Og = fae G2 GO G

2—3 jets >5jets
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Higgs EFT The most nasty D6 operator, appearing everywhere  [krauss, Kutiimalai, TP]
Weak EFT .
DT — making sense of black hole searches
Distributions
Sr~> Er

jets
— dimension-6 operators

O = 31,9 §7"q O =l G G, G

2-3jets > Sjets
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Higgs EFT The most nasty D6 operator, appearing everywhere  [krauss, Kutiimalai, TP]
Weak EFT .
DT — making sense of black hole searches
Distributions
Sr~> Er
jets

— dimension-6 operators

O = 31,9 §7"q O =l G G, G
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That other gauge theory

The most nasty D6 operator, appearing everywhere  [krauss, Kutiimalai, TP]

— making sense of black hole searches

— dimension-6 operators

Sr~> Er

jets

O = 31,9 §7"q O =l G G, G

2—3 jets

= new physics M > 5 TeV

> 5jets
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Kinematic distributions

Kinematical information for example on effective Lagrangian

— simple pr, my;, ¢;; easily included  (suteretan
— correlations hard, check impact
= phase space patterns understood?



Kinematic distributions
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Higgs EFT Kinematical information for example on effective Lagrangian
Weak EFT X o

DT — simple pr, my;, ¢;; easily included  (suteretan

Distributions — correlations hard, check impact

= phase space patterns understood?

Beyond distributions  (rhat was s0s]

- Log—likelihood estimator for hypothesis testing [MadMax: Cranmer, Kling, TP, Schichtel, Wiegand]
— Neyman-Pearson lemma

. . do/daR,, [10° pb] Significance
— phase space integration - S
) e @obyy Weeyy Mg, Agy (x20)
— assuming statistics limiting factor 30 [bbjy [JzH
. e . . . _ — Significance
— significance distribution (xH# — 6By~ 250
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Kinematic distributions
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Higgs EFT Kinematical information for example on effective Lagrangian
Weak EFT X o

DT — simple pr, my;, ¢;; easily included  (suteretan

— correlations hard, check impact
= phase space patterns understood?

Distributions

Beyond distributions  (rhat was s0s]

Log-likelihood estimator for hypothesis testing  MadMax: Granmer, Kiing, TP, Schichtel, Wiegand]
Neyman-Pearson lemma

phase space integration

assuming statistics limiting factor

significance distributions

Ll

Fisher information for parameter estimate 82 log f(x|g) }

I o
i(9) [ 9g; 9g;

Cramer-Rao bound [(co-)variance > Fisher information— ! 1
phase space integration  (Fisher information additive]
assuming statistics limiting factor

information distributions

LHC theorists: smell the coffee...

Pl
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Information geometry

Applled to D6 in WBF H — 77 [Brehmer, Cranmer, Kling, T

— correlations in Wilson coefficient space
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Information geometry

Applled to D6 in WBF H — 77 [Brehmer, Cranmer, Kling, T

— correlations in Wilson coefficient space
— information distribution
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Information geometry

Applled to D6 in WBF H — 77 [Brehmer, Cranmer, Kling, TP]

— correlations in Wilson coefficient space
— information distribution

— 1D, 2D distributions vs full phase space
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Information geometry
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Il E AT Applled to D6 in WBF H — 77  [Brehmer, Cranmer, Kiing, TP]
Weak EFT . . . .

— — correlations in Wilson coefficient space
Bigiiens — information distribution

— 1D, 2D distributions vs full phase space
= full statistical analysis: multi-variate wins

WBF, H-77, Any,>3.6, my; > 1000 GeV, L-c=30 b 0
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Information geometry

Applled to D6 in WBF H — 77 [Brehmer, Cranmer, Kling, TP]

— correlations in Wilson coefficient space

— information distribution

— 1D, 2D distributions vs full phase space
= full statistical analysis: multi-variate wins

Combined with decay H — 4¢

WBF, H—4(, L-&=100 fb

1

— precision vs energy
= energy wins
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On to discussion

All those EFT fits
dimension-6 Higgs-ew LHC analysis working and done (suter etal
dimension-6 QCD analysis working and done  [rauss etal]
effective Lagrangian validated through full models
uncertainties part of matching
time to move on to interesting physics questions

Nov6-10 2017 HIGGS
COUPLINGS
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