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1— Higgs couplings

How the LHC became a precision Higgs machine

— assume: narrow CP-even scalar
Standard Model operators

— Lagrangian like non-linear symmetry breaking

m -
L= Lon+ Dw gmuH WHW,, + Az %mZH 74z, - 3 A 7’H (Faf, + h.c.)
w

T,b,t

H H
+ AgFg v G G"” + AL Fp v A, A" + invisible + unobservable

99 = H

g9 — H+j (boosted)
gg — H* (off-shell)
qq — qqH

g9 — ttH

qq’ — VH

—

Grxx = G (1+ Ax)

—

H— ZZ
H— Www
H — bb
H— 177~
H— vy
H — invisible
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1— Higgs couplings ::};>‘ 7777777 Wz

How the LHC became a precision Higgs machine

— assume: narrow CP-even scalar b
Standard Model operators > Mvz

— Lagrangian like non-linear symmetry breaking

m -
L=Lsm+ Aw gmyH wH VV“, + Az %mzH ZMZ,L — E Af TIH (fRfL + h.C.)
v T.bt

H H
+ AgFg " G G"" + AL Fa v A, A*Y + invisible + unobservable

Brilliant Run | analyses, but issues...  [Corbett, Eboli, Goncalves, Gonzalez-Fraile, TP, Rauch (2015)]

1 renormalizability broken L=4.5-5.1(7 TeV)+19.4-20.3(8 TeV) fb', 68% CL: ATLAS + CMS

2 total rates only 05 I $ shew Ge=ge" (144,
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of nggS operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = o'W, W' ¢ Opg ="+
Oaw = ¢' B, W' ¢ Ow = (Du¢)  W"* (D, ¢) Op=---

041 = (Dud) 66" (D"9) Oy = 153” (67) 0u (¢76) Oua=

1
3

(o)
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of nggS operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = ¢' W, W ¢ Opg ="+
Osw = ¢ B, W' ¢ Ow = (Du9) W* (D, ¢) Og=---
1

Ou1 = (0,9) 961 (0"9) Oy = 30" (8'0) 0, (6'0) Ous =3 (476)°

— actual basis after equation of motion, field re-definition, integration by parts

asv feg fww fs fw fo.2
=0 — 0O —-0 — 0O -0
8r N2 GG T Az OB + A2 ww + A2 B+ a2 oW + A2

Lps = — Oy 2
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of HIggS operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = ¢' W, W ¢ Opg ="+
Oaw = ¢' B, W' ¢ Ow = (Du¢)  W"* (D, ¢) Op=---

Ou1 = (0,9) 961 (0"9) Oy = 30" (8'0) 0, (6'0) Ous =3 (476)°

— actual basis after equation of motion, field re-definition, integration by parts

asv feg fww fs fw fo.2
=0 — 0 —0 — O, — 0
8r N2 e + Az OB + A2 ww + A2 B+ a2 oW + A2

— Higgs couplings to SM particles (derivatives = momentum, #2 solved]
Los = gg HGL,, G + gy HALL A"
+90) 2,,2"0"H+ ¢P HZ,, 2" + ¢© HZ, Z"
+gi (W;V W~ #9YH + h.c.) + 0D HW, W gD HWEW T 4

Lpg = — Ogp2

v
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of nggs operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = ¢' W, W ¢ Opg=---
Opw = ¢' B, W ¢ Ow = (D.¢)" W"" (D, ¢) Og="---

; 1 1 3
Os1=(Du0) 60" (D"6) Op2= 50" (¢70) 0u (¢70) Oua= 3 (s70)

actual basis after equation of motion, field re-definition, integration by parts

asv feg fww fs fw fo.2
=0 — 0 —0 — O, — 0
8r N2 e + Az OB + A2 ww + A2 B+ a2 oW + A2

HIggS couplings to SM particles [derivatives = momentum, #2 solved)]
Lpe = 9qg HGiUGa“V + g~ HA,“,A“V

Lps = —

Od)’g

+90) 2,,2"0"H+ ¢P HZ,, 2" + ¢© HZ, Z"
+aly) (WL, W0 Hhe) + ) HW, W™ 4 i) HWIW™ ¥ 4 ..

— plus Yukawa structure £, 5 ;
— 7 A-like coupling modifications plus 4 new Lorentz structures
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Higgs EFT D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

Higgs-TGV EFT — set of HIggS operators [renormalizable, #1 solved]

Higgs-EW EFT v A~ P
Oge = ¢'¢GT, G Oww = "W, W ¢ Opg=---

Higgs-LHC EFT R . .

GP symmetry Opw = ¢' B, W' Ow = (D.¢)" W"" (D, ¢) Op=:+"

Informat , 1 1 s
nformation O¢y1 :(DH¢)T¢¢T (DM(,‘b) O¢,2: Eau (¢T¢) 6“ (¢T¢) O¢y3: 5 (¢T¢>
Improved Run | Iegacy [Corbett, Eboli, Goncalves, Gonzalez-Fraile, TP, Rauch (2015)]
— kinematics: pr v, A 12 solved) - Tij
§1017 — SM Higgs
EVE Fogl A =g/ A’=20TeV
& Fon/ A=/ A’=-20Te V>
|
10 w3 73 n

AD.
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of nggS operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = o'W, W' ¢ Opg
Oaw = ¢' B, W' ¢ Ow = (Du¢)  W"* (D, ¢) Os
1

Ot = (Du8) 66" (D"6) Oy = 50" (6'0) 9, (4'0) Ouaa

Improved Run | Iegacy [Corbett, Eboli, Goncalves, Gonzalez-Fraile, TP, Rauch (2015)]

— kinematics: pr v, A 12 solved) 240

10 .20 _30
f/AZ [TeV?]
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2— Effective Higgs operators

D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]

— set of nggs operators [renormalizable, #1 solved]

Ogg = ¢ ¢G, G Oww = ¢' W, W ¢ Opg=---
Osw = ¢ B, W' ¢ Ow = (D) W (D, ¢) Og=---

W]

Ou1 = (0,9) 961 (0"9) Oy = 30" (8'0) 0, (6'0) Ous =3 (476)°

Improved Run | Iegacy [Corbett, Eboli, Goncalves, Gonzalez-Fraile, TP, Rauch (2015)]

— kinematics: pr v, A 12 solved) 240

10 .20 _30
f/AZ [TeV?]
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Higgs EFT D6 Lagrangian [SMEFT; review Brivio & Trott, ask Tevong and BenG]
Higgs-TGV EFT — set of Higgs operators  [renormalizable, #1 solved]
gAY Ogg = ¢T¢GZVGHW Oww = ¢ W, W* ¢ Opg=---
Higgs-LHC EFT TE W‘“’ Ow — (D TW‘“’ D On
CP symmetry Osw = ¢' By ¢ w= (1 1 ®) (D) B = '1' .
Information _ + T o — _ gt t t — _ T 3

Os1=(Du8) 60" (D"6) Op2= 50" (¢70) 0u (¢70) Oua= g3 (s70)

Improved Run | Iegacy [Corbett, Eboli, Goncalves, Gonzalez-Fraile, TP, Rauch (2015)]

— kinematics: PT,v; A(ﬁjj [#2 solved]
- key Observable A L=4.5-5.1(7 TeV)+19.4-20.3(8 TeV) ib™!, 68% CL: ATLAS + CMS
f/A

AN A2 AN
[Tev2 [TeV] [Tev:] [TeV]
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Higgs EFT Higgs-GoIdstone doublets  [Falkowski etal; Butter, Eboli, Gonzalez-Fraile, Gonzales-Garcia, TP, Rauch (2016)]
Higos TGV EFT — one more operator for TGV (3 soned]

Higgs-EW EFT " ~ AU (R
Higgs-LHC EFT Ow = (Du#)' W (Dvg) -+ Ownw=Tr (W;w wrewe )

CP symmetry — kinematics: pr , in VV production

Information
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3— Effective Higgs-gauge operators

Higgs-Goldstone doublets  (Fakowski etal; Butter, Ebol,
— one more operator for TGV [ solved]
Oy = (Du(lb)T Wuu(Duﬁb)

— kinematics: pr , in VV production
— smoothing correlations

Gonzalez-Fraile, Gonzales-Garcia, TP, Rauch (2016)]

Owww=Tr (MA/;“, WUp Ws)

[Tev?

fB
N

CMs
ATLAS

7wz
“ 7semi |
“gWW
“ 8wz

o
T T T T I I T T

| i B
-20 -10 0 10 20 30

I
w
o
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3— Effective Higgs-gauge operators

Higgs-GoIdstone doublets [Falkowski etal; Butter, Eboli, Gonzalez-Fraile, Gonzales-Garcia, TP, Rauch (2016)]

— one more operator for TGV [ solved]
Oy = (Dur(ﬁ)T Wuu(Duﬁb)

— kinematics: pr , in VV production

— smoothing correlations

= Higgs-gauge analysis at Run Il

[Biekdtter, Corbett, TP (2018)]

f/A2 95% CL

[TeVv" ]

10

5

0

— Runl
— Runl+1l

)

—re—
——

IN
|

Owww=Tr (VV}LV WUp Ws)

AN
[Tev]

103

103

BR
[%]

1 50

140

130
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Higgs EFT Higgs—GoIdstone doublets  (Falkowski etal; Butter, Eboli, Gonzalez-Fraile, Gonzales-Garcia, TP, Rauch (2016)]
Higgs-TGV EFT — one more operator for TGV [#3 solved]
H -EW EFT ~ ~ N ~

lags Ow = (Du¢)'W""(Dy¢) -+ Owww=Tr (W;WWVP W"j)
Higgs-LHC EFT
CP symmetry — kinematics: pr ¢ in VV production
Information — smoothing correlations

= Higgs-gauge analysis at Run Il  [iekstter, Corbett, TP (2018)]

LHC VS LEP [Grojean, Montull, Riembau; Butter, Eboli, Gonzalez-Fraile, Gonzales-Garcia, TP, Rauch (2016)]

— triple vertices g4, s, A vs gauge-invariant operators
— generic EFT feature:

o 40
LEP driven by precision R LHC
LHC driven by energy L—T~< 200 ’\7\
= LHC the leading precision machine o— J = <<
L/
-20r ! N\
[ \\ LHC+LEP \\
-40F \ )
[ \\ /
soF Ler  /
[ N /
~ -
—gOLur b LT L L

=105 0 5 10 15 20 25 30 35
/TV;[Te\/'?]
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4— Electroweak fermion couplings

After beating LEP once... [Biekdtter, Corbett, TP (2018); also Alves etal; Tevong etal]

— gauge-fermion operators visible  [zhang; Bagiio, Dawson, Lewis]

<> - L _ >, -
04 =o' DuolinL) 0L =0'Dud(Enn"ens) OF) =o' Dholin"oal)
M _ 1) _ (3) _
oYy ="+ oYy =" 0.6 =
O _ St D a(br AHde ) OD — ... O = (Livule) (LA L
oud = ¢ w(Ur,iv" dr.i) ou = e = (Liyul2) (L™ Ly)

— bosonic operators bounded by EWPD
Oyt = (Duo)' 0" (D) Osw = ¢' B, W' ¢
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4— Electroweak fermion couplings

After beating LEP once... [Biekdtter, Corbett, TP (2018); also Alves etal; Tevong etal]

— gauge-fermion operators visible  [zhang; Bagiio, Dawson, Lewis]

=g - 5> _ >, -
o0 = ' Duo(ln"L)  OU) =o' DudErin"ens) OF) =o' Dio(lin"oali)
(1) _ 1 _ @) _
O¢o— oqsd—"' oqu_
o Gt B w(m v de ) 00 = ... O = (Livuls) (Lay"L
pud = @' Dud(Upiv"dr,) Oy = e = (Livp L) (LM Ly)
— bosonic operators bounded by EWPD
Oyt = (Duo)' 0" (D) Osw = ¢' B, W' ¢

— after equations of motions, etc

asv fy faw fw fp.2

fBB fB
Lot == 522966+ 13088+ —5- Oww + 508+ 50w + — 5O 2
my 1 fo.1 faw m
T2 ROt e O+ g Oaw + T Ouu
Tbt

o VN V| Qo
@ 1) b 1) du A1 e (1) $Q (3
+ 23060 72 Od + 75 Ogu+ 25 O+ 15 040
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4— Electroweak fermion couplings

[Biekétter, Corbett, TP (2018); also Alves etal; Tevong etal]

After beating LEP once...
— after equations of motions, etc

agV fg f f fB f fd; 2
—— (@]
Leit B p2cet 47 OBB + - OWW e Op o 0w+ re 9oz
my fr fo1 fs im
——=0 —0 —0 Lo
+ gm o + pe Fot + ae Osw + — pe Ot

) () ) ) @

f
30 A, fed oy, Teu oy Toe oy, Tea @
T 22901 72 Csat 22t 139+ 12 %0

Side remark: being tricked by LHC kinematics

— myy perfect, exotics search to 1.2 TeV
— scale hierarchy (9((;3 — JqgqzH VS Ow — gzzn broken by 4-point vertex

6

Y
5p -2 - i330Gev
fa
3 4 N L 26Tev
N ,m _
318 4 i ]
=5 .

400 500 600 700 800 900 1000
Mz [GeV]

.
5 10 15
T/ \? [Tev?]
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5— More effective couplings

UbiqUitOUS QCD operator [Simmons etal; Dixon etal; TP, Krauss, Kuttimalai; for our QCD friends]

— anomalous gluon coupling

Og = s fancGh, G\ Go,y
- multi—jet production [black hole search]
4-fermion operator for Ngts = 2,3

gluon operator for Nigis > 5

4
g 10 . i i ,
FR A —5TeV
Y
12
g 10! ]
>
=100t 4+ CMSdata
1071 SM
1021 - - == SM+0Og¢ ]
% 20 SHERPA ]
£ [ 4
‘éig ~ .-+__+_i_;_f,l,_r4r~‘
S05} . . . . ]
2000 3000 4000 5000 6000 7000

Sr[GeV]
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5— More effective couplings

UbiqUitOUS QCD operator [Simmons etal; Dixon etal; TP, Krauss, Kuttimalai; for our QCD friends]

— anomalous gluon coupling
A
Og = gs farc G5, Gy G,

- multi—jet production [black hole search]
4-fermion operator for Ngts = 2,3

gluon operator for Nigis > 5

4
= 10
2 10° A —5Tev
Y
2
2 0 1
5 10 1
>
=10+ CMSdata
101 ] SM
10-2 | - — - = SM+0¢ ]
%2-0* SHERPA + .
215} + R ]
2 10 + & S e Sl
So5p L
2000 3000 4000 5000 6000 7000

Sr[GeV]
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5— More effective couplings

UbiqUitOUS QCD operator [Simmons etal; Dixon etal; TP, Krauss, Kuttimalai; for our QCD friends]

— anomalous gluon coupling

Og = s fancGh, G\ Go,y
- multi—jet production [black hole search]
4-fermion operator for Ngts = 2,3

gluon operator for Nigis > 5

10*

10% b
10% |
10! |
100 b
101}

Events per bin

H
S
b

+

CMS data

SM

- — - = SM+0¢

SHERP.

A

[ +g dugodot" "

o
oo

Ratio to SM

I

2000

3000

4000

5000

6000 7000
Sr[GeV]



Higgs at Run Il

Tilman Plehn

Higgs EFT
Higgs-TGV EFT
Higgs-EW EFT
Higgs-LHC EFT
CP symmetry

Information

5— More effective couplings

UbiqUitOUS QCD operator [Simmons etal; Dixon etal; TP, Krauss, Kuttimalai; for our QCD friends]

— anomalous gluon coupling
A
Og = gs farc G5, Gy G,
- multi—jet production [black hole search]

4-fermion operator for Ngts = 2,3
gluon operator for Nigis > 5

— input to Higgs analysis A/fg > 5.2 TeV

E 10.{ r T T T T ]
8 _
s 0] =5TeV |
£ 102} 1
4
@ 10t b g
+ CMS data
100 - SM
10-1 | - === SM+0g
EZAO- SHERPA _ ¥ 1
e 15} e ]
-% ég F ST = 57
~ ) L n n n n ]
2000 3000 4000 5000 6000 7000

St(GeV]
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HiggslErT Ubiquitous QCD operator  [simmons etal; Dixon etal; TP, Krauss, Kuttimalai; for our QCD friends]
e E — anomalous gluon coupling
Higgs-EW EFT N
o Og = 9s fachgy GZA GC,,
Higgs-LHC EFT

— multi-jet production  [black hole search]

4-fermion operator for Nigts = 2,3
gluon operator for Nigis > 5

— input to Higgs analysis A/fg > 5.2 TeV

CP symmetry

Information

Combined Run Il analysis [Biekdtter, Corbett, TP; see Tevong etal]

— including LHC and EWPD

- ya2 LHCRun1+ 1l + EWPD AN BR
— quote multi-jet rre\1r;] oo [TeV] %]
— quote tops (Scots) %ol 50
— what’s next? 5 ' I ‘ . [ 05 40
0 i l i I 1 | i I l T i I I 1. 30
PR e
5 1 0.5 20
10| <Spitter 03 10
| 0
b5 %% 5 % {,%:’ §< 5, O%O@éﬁﬂé&'éj&z;@f{j@@j@@é. 6’%
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— Ideal LEP and flavor worlds
Higgs-TGV EFT — unique EFT Lagrangian: linear realization matching unbroken phase
Higgs-EW EFT — chain of well separated energy scales E < A\ < ... K< Ay
Higgs-LHC EFT = systematic expansion in £/A and «  example: ew precision datal
CP symmetry
Inf i
rormaren Rotten LHC world [Brehmer, Freitas, Lopez-Val, TP]

— range of (partonic) energy scales [H-ets production]

— electroweak symmetry breaking at v ~ Ej ¢
— low precision, reach from energy

o x BR

2 2
_TXER =9 g0y &L A 400 GeV
(o x BR)gy

A2

= D8 operators not obviously suppressed

Task for LHC theory

— develop a working D6 framework

— keep theorist’s self respect

— remember we really care about UV models  [ena does...]
truncation uncertainties as matching uncertainties
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Symmetries of the effective Lagrangian

Recap: Cand Pand T and T

— transformations on state with spin/momentum [review: valencia]

Clop,s)) = [¢"(p,s)) Plo(p,s)) =g |¢(—p,s))
CPT symmetry generally assumed, T proxy for CP

Tlo(p, s)) = (#(—p, —9)|



Hegsathunll.  Symmetries of the effective Lagrangian
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(st T Recap: Cand Pand T and T

Higgs- TGV EFT — transformations on state with spin/momentum  [review: valencial

Higgs-EW EFT Clo(p,s)) = |67 (. 5))  Plo(p.s)) = ng |6(—p,8)) TIé(p,s)) = (¢(—p, —9)|

Higgs-LHC EFT

CPT symmetry generally assumed, T proxy for CP
— genuine U-odd is what we want [u = ¢, P, T, Atwood, Bar-Shalom, Eilam]

(O pycy-1=0"
U-odd is what we usually get, but genuine U-odd under conditions

CP symmetry

Information

odd p(lD@UU)) (0)

oI = UlfH)) = -0(hH = 1) c—ucy—1 =0
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Symmetries of the effective Lagrangian

Recap: Cand Pand T and T
— transformations on state with spin/momentum [review: valencia]
Clo(p,s)) = [67(p,8)) Plo(p.s)) = ng|¢(—p,s)) TIs(p,s)) = (¢(—p, —$)|
CPT symmetry generally assumed, T proxy for CP
— genuine U-odd is what we want [u = ¢, P, T, Atwood, Bar-Shalom, Eilam]
(O pycy-1=0"
U-odd is what we usually get, but genuine U-odd under conditions

odd

O iy — U|f)) = PUDZRLUINY 0y

~o(liy = 1n) Jp—

— naive time reversal T avoiding inital <> final state
Tl(p, s)) = |6(—p, —s))
genuine T-odd observable means CP-violating theory, provided

1- phase space ?’—symmetric R
2- initial state distribution invariant under T
3- no re-scattering, means no imaginary parts
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Two ways to test CP at the LHC

Identical amplitudes with O3, BenG on EDMs]

q q

q q

— four 4-momenta defining 10+1 observables  (Han, Li,..]

four external masses N

four C-even, P-even, and T-even scalar products

two C-odd, P-even, and T-even scalar products

one C-even, P-odd, and T-odd observable with Levi-Civita-tensor
1- CP-odd and T-odd A

for symmetric initial state also genuine CP-odd and genuine T-odd

non-zero expectation value means CP violation
2— CP-odd and T-even [for our LHCb friends]

for symmetric initial state also genuine CP-odd

for CP-violating theory, CP-expectation value non-zero

but without re-scattering, ?—expectation value zero

need complex phase for (O) to match symmetry

= single CP-odd and T-odd observable vs kinematic analysis?
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Quantifying the available information

Information geometry for LHC  [Brehmer, Cranmer, Kiing, TP (2017)]
— covariance matrix [measurement error in model space g]
Ci(9) = E[(&i — 3)(& — 9)|g]

Fisher information [sensitivity in model space]

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

I,(g) =—-E l:

Crameér-Rao bound defining best measurement  fowest possible covariance]

Ci(9) > (I")j(9)
— computable over phase space [phase space x, additive]
2 (1)
L 90 do LUE[a log (x|g)}

1= %9 09 50,09
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Higgs EFT Information geometry for LHC  [Brehmer, Cranmer, Kiing, TP (2017)]
Higgs-TGV EFT — covariance matrix [measurement error in model space g
e Ci(e) = E [(8— )@ — 3)lg]

Higgs-LHC EFT

CP symmetry Fisher information [sensitivity in model space]

Information 82 IOg f(x\g)
lij(9) = —E | —————
i@ [ o909 |°

Crameér-Rao bound defining best measurement  fowest possible covariance]

Ci(9) > (I")j(9)
— computable over phase space [phase space x, additive]

L 8o 8o 8% log fV(x|g)

lj== — —-LoE|——*
o 0gi 9g; 9g; 9g;

1— parametrization-invariant elipses of constant distance/reach in model space

2— diagonalize /j;, define model-space eigenvectors

3— compute information in distributions or phase space regions

= tool to compare analysis ideas [MadMiner: Brehmer, Cranmer, Kling]



Higgs at Run Il
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Higgs EFT
Higgs-TGV EFT
Higgs-EW EFT
Higgs-LHC EFT
CP symmetry

Information

WBF production

Testing CP in WBF

four external 4-momenta — 10 scalar products
one C-even, P-odd, T-odd [yean]

euvpo K" K3 7 G5 = O = euupo k' k3 a7 G5 sign[(ki — k2) - (@1 — G2)]

azimuthal angle difference  pab frame]

O=2E_(§— xG+) -kt — sinAg;

CP asymmetry
an, = d0(Ady) — do(=Ad;)
2% T do(Agy) + do(—Agy)

difference from dimension-6 kinematics

-0.10  -0.05 0.00 0.05 0.10
fwin VAN
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CP symmetry

Information

WBF production

Testing CP in WBF

— four external 4-momenta — 10 scalar products
one C-even, P-odd, T-odd [yean]
euvoo K' I G0 07— O = €pupo k' K5 G G5 sign[(ki — k) - (g1 — G2)]
— azimuthal angle difference [iab rame]

O=2E (G- xd:)-Ki — sinAdy

— CP asymmetry o
any, = do(Ady) — do(—Ady)
T do(Agy) +do(—Agy) 005
— difference from dimension-6 kinematics v
— check with imaginary Wilson coefficients :5 0.00
= testing CP, but assuming no re-scattering £
-0.05
-0.10

-0.10 —0.05 0.00
fwiw V2N

0.10
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Information

ZH production

Testing CP in ZH production

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

O1 = euvpo ki'k3'q) q;— sign((ki — ko) - (1 — @2))  —  sinAgye

— CP asymmetry as for WBF
a _ do(Adee) — do(—Adye)
8906 = 4o (Der) + do(—Aeer) 075
— difference from dimension-6 kinematics 0.50

= testing CP without assumtions fto leading order]

!
Q
s
£

|

i

i
-0.

75 -0.50 —0.25 0.00 025 0.50 0.75
Fuig VAN
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Information

ZH production

Testing CP in ZH production
— same 10 scalar products
one CP-odd and T-odd angle as for WBF
O1 = euvpo Ki'k3 qy. ;- sign((ki — k2) - (g1 — G2))
— CP asymmetry as for WBF

a _ do(Adee) — do(—Adye)
290 = 4o (Ddee) + do(— D)

— difference from dimension-6 kinematics
= testing CP without assumtions fto leading order]

Testing CP in H — 4/ decays

— same 10 scalar products

— momentum flow limited by my

reach for CP-even operators shit  [grehmer, Cranmer, Kiing, TP (2016)]
— even showing plots is waste of time

= what'’s the point...

—

sin Ay



Comparison of CP tests

10*

= =
o =)
n o

I eigenvalues
=

o

2

L=100 fb~t

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

&

o

Other operators set to zero

Profiling over CP-even operators

2.0

1.0

0.5

0.2

Reach A/VF [TeV]

Reach A/VF [TeV]
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Information

Questions

Theory contribution to bottom-up precision physics at the LHC

Is it really the Standard Model Higgs? o]

Is there WIMP dark matter? (yes]

Is there TeV-scale physics beyond the Standard Model?  yes)
Are EFT analyses un-inspired? fotaly]

Are there nice theory aspects to work on?  [plenty]

Are there nice statistics aspects to work on?  [aways]

Will | stop doing EFT once we find new physics?  (definitely]

= Welcome to a data-driven eral!
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