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

assume HiggS-GOIdstone connection  [rather than r: framework/non-linear EFT]

set of HIggS doublet Operators [linear realization]
Oge = ¢'¢GZ, G Oww = ¢" W, W Opg=---

pv

Og2= 158M (¢T¢) o (¢T¢> Ow = (Do) W (Dy¢) Og =+

(S}

actual basis after equation of motion, etc
HwW _ asV g feB faow fg fw fy2
L = - 8r EOGG"FFOBB‘FFOWW‘FFOBJFEOW‘F A2 O¢,2
— Higgs couplings to SM particles [plus 3 Yukawa structures and ~ZH]

EHVV — gg HGa Gau,u +g’y HAW,AW/

i
+90) 2,,2"0"H+ g? HZ,, 7" + ¢ Hz,z"
+ayy (Wi, W™ 0" H+ he.) + i) HW, W™ 4 gi) HWIW™# 4 ...

pv

— 4+3 k-modifiers plus new Lorentz structures



D6 Higgs operators

Tilman Plehn
Higgs EFT D6 Lag rangian at face value [HISz, Warsaw, Trott etal, Goncales-Garcia etal]
Weak EFT . .
— assume Higgs-Goldstone connection  [rather than « framework/non-linear EFT]
More EFT
oGes — set of Higgs doublet operators {inear realization]
Questions OGG = ¢T¢Giy Ga;w Oww = ¢T W}l/l/ Wuu¢ Ogg ="

Opz = 30" (10) 0 (66) Ow = (D) W (D,6) O5 = -

actual basis after equation of motion, etc
asV Ty
81 A2
4+3 k-modifiers plus new Lorentz structures

feB faow fg fw fy 2
Oge + FOBB + FOWW + EOB + ﬁow + -5 002

LHVV —

N

Global Higgs analysis

— SFitter interested in data [T(EV'Z] 20
— correlations nasty

10 _20 _30
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 . .
— assume Higgs-Goldstone connection  [rather than « framework/non-linear EFT]
More EFT
oGes — set of Higgs doublet operators {inear realization]
Questions OGG = (de)wa Ga;w OWW = ¢T W;Lu W’“’¢ OBB =

O = 50" (616) 0. (46) Ow=(0.0) W (D,9) O5 =

actual basis after equation of motion, etc
Hw _ sV Iy Tes fwow fg fw T2
L7770 =— B ﬁoea+ﬁoss+ﬁoww+ﬁos+ﬁ0w+ 5 Os.2

4+3 k-modifiers plus new Lorentz structures

N

Global Higgs analysis

L QEiar ) o/

SFitter interested in data [TeV2] 20
— correlations nasty
— distibutions crucial

10 20 _30
fy/AZ [Tev?
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Higgs EFT D6 Lagrangian at face value [HISz, Warsaw, Trott etal, Goncales-Garcia etal]
Weak EFT . .
— assume HIggs-GoIdstone connection  [rather than « framework/non-linear EFT]
More EFT
- — set of Higgs doublet operators {inear realization]
Questions Oge = ¢T¢GinaW Oww = ¢ W, W ¢ Opg=":"--
1 ~
Op2= 50" (¢'6) 0. (¢0) Ow = (Do) W' (D,3) O5 =
— actual basis after equation of motion, etc
Hw _ sV Iy Tes fwow fg fw fe.2
£ =- Br 29ect+ 50+~ Oww + 508+ 50w+ 5052
— 4+3 x-modifiers plus new Lorentz structures -
@ ATLAS
2 Vs=13TeV, 36.1 fb"!
Global Higgs analysis 2 1iep, = 2jets, 1b-tag
110 GeV< m; < 140 GeV [ Z+(bb,bc,cc)
- lo(b!:cl), Z+l
— SFitter interested in data Lot momer

uncertainty

correlations nasty
distibutions crucial
my favorite Run Il input

data / bkg

o -

o o
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D6 Higgs-gauge operators

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

— adding one more gauge operator
Ow = (Dus) W' (D,¢)  Op=(D.6) B (D6)  Ouuww = Tr (Wi W7 W)
— pre-gauge-invariance known as DeltaKappalLambda
i f— e BNy e 92Xz up o
ALrgy = — e Ary, WiW7 " — , Wi W=yl — 2, Wi wrrz
—igz Akz WIW, 2" — gz AgE (W:V wrzY Z Wiz, W"“’)

2 2
v 2 2 z 4 w
Akz ~ e (waw - Swa) Agy ~ ﬁfw Az ~ ﬁfwww
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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 = (Dud) W (D,¢)  Op=(Du) B" (Do) Owmw =Tr (W, W W)

P

— pre-gauge-invariance known as DeltaKappalLambda

) _ . dex _ igz\ _
Alray = —ie Ary WIW, 4 — 200 i wrvepp — ‘Cif,zz whwrrz e
w w
—igz Akz WIW, 2" — gz AgE (W;’V worzh Wiz, W““’)
2 2 m2
vV V'
Briz ~ o5 (cfvfw - sf,,fg) AgE ~ W Az ~ TgiWWW
— VV combination [by theorists??] % 80 { i
£ 60
MDY
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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 = (Dud) W (D,¢)  Op=(Du) B" (Do) Owmw =Tr (W, W W)

P

— pre-gauge-invariance known as DeltaKappalLambda

) _ . dex _ igz\ _
Alray = —ie Ary WIW, 4 — 200 i wrvepp — ‘Cif,zz whwrrz e
w w
—igz Akz WIW, 2" — gz AgE (W;’V worzh Wiz, W““’)
2 2 m2
v 2 2 z vV w
Arz ~ e (waw - Swfs) Agy ~ ﬁfw Az ~ Ffwww
— VV combination [by theorists??] %) ;
— perfect correlations 5? 20:’
o
-200
-40-
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. il

IS IR A I I
-20-15-10 -5 0 5 ZlfO 15 20
 [rev)



D6 Higgs-gauge operators
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Higgs EFT Triple gauge couplings [Butter, Eboli, Gonzalez-Fraile, Gonzalez-Garcia, TP, Rauch]
Weak EFT .
— adding one more gauge operator
More EFT R . R R .
InfoGeo Ow = (Do) W* (D, ¢) Op= (D,¢)"B*(D,¢)  Owww =Tr (WWW s )
Kes oS — pre-gauge-invariance known as DeltaKappalLambda
; o Ay igzAz v v
ALty = — ie Ak~ Wu W, " — — WW,W p'yﬁ -2 W‘WW pr“

w w
—igz Akz WIW, 2" — gz AgE (W;’V worzh Wiz, W““’)
2 2 m2
4 2 2 z 4 w
AHZ ~ ﬁ (waw — Swfg) Ag1 ~ ﬁfw )\Z ~ FfWWW

Run 11 95% CL: ATLAS + CMS

VV combination [y theorists?2) 1A%, T T AW
[TeV“ [Tev]

perfect correlations

10} 03
preliminary 13 TeV update 5 i l l
e 3 {05
game changer: {tH rates NEA # l{ ” | 1 # || h | :
B AR
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More D6 operators at LHC

QCD@D6: the most nasty D6 operator  [rauss, Kutimalai, TP]

— the real reason to do black hole searches: St ~ Zjets Et

— dimension-6 operators

O = G1.q §7"q  Og = G G G

2—3 jets

>5jets

£ 10*
=5TeV
5 10 G
z 10
g
& 10!
+  CMSdata

10° SM

10-1]L ---- sM+0;
E 2.0 SHERPA A
215 o
8 1.0 F g5~
E 05 FF F 5+ F A7

2000 3000 4000 5000

6000 7000
Sr[GeV]

108

= beating Higgs by a mile: A/\/c > 5 TeV st needs update]

Njet >5 £ =221
- = - - Observed

Expected (+0)

52 54 56 58 6.0
A/ \/eg [TeV]



More D6 operators at LHC

Tilman Plehn

Higgs EFT QCD@D6: the most nasty D6 operator  [krauss, Kutimalai, TP]

Weak EFT

More EFT — the real reason to do black hole searches: St ~ 3 s ET
InfoGeo — dimension-6 operators

Questions oqq _ El’mq 5”y“q’ O = fabCG,ajl Gﬁ)\ Giﬂ

2-3 jets > Sjets

= beating Higgs by a mile: A/\/c > 5 TeV st needs update]

top@D6: connecting Higgs to flavor

— Run I limits similar to Higgs-gauge EFT
— for news wait for Kevin



Tilman Plehn

Higgs EFT
Weak EFT
More EFT
InfoGeo

Questions

Finding information in phase space

Parameter dependence of kinematics  [grehmer, Cranmer, Kiing, TP]
1— Fisher information calculable starting point I [62 log f(x|g) }
additive for phase space integration 0g; 0g;
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  [grehmer, Cranmer, Kiing, TP]
1— Fisher information calculable starting point
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

lj(g)

Applied to D6 in WBF H — 77

9g; 0g;

[62 log f(x|g)

|

— information distribution 0.40
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Normalized distribution
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Finding information in phase space

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

1— Fisher information calculable starting point

9% log f(x|g)
. . . li(@) o< | ————
additive for phase space integration 9g; 9g;

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 — 77

— information distribution

— distributions vs full phase space
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Finding information in phase space
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Higgs EFT Parameter dependence of kinematics  [grehmer, Cranmer, Kiing, TP]

\’\/\A/eak EFT 1— Fisher information calculable starting point (@) [az log f(x|g) }
|nZZeE:T additive for phase space integration ! 9g; 9g;
T, 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 — 77

— information distribution
— distributions vs full phase space
= full statistical analysis

1.0
Restricted to 0,5, Oy, Oyy 1.2
1.1
z
= 1.0
Z 04
3 0.9
=02 0.8
oo e I P Clml C s
Ny <\ <~
O K S e e e 5 >@ v‘ DQ‘,;D(‘ o >tvx >
N\ DI R

9 9

Reach A/y/ f [TeV]
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Finding information in phase space

Parameter dependence of kinematics  [grehmer, Cranmer, Kiing, TP]

1- Fisher information calculable starting point () 82 log f(x|g)
. . ) Q) o< | ==
additive for phase space integration 0g; 0g;
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 — 77
— information distribution
— distributions vs full phase space
= COmpariSOn of channels  [cP-measurements]
Other operators set to zero
102 Profiling over CP-even operators
=3
S 100
é 10°
_10"
w2 | : : : : ‘ S e
wf‘“@\ o & R > 1‘”&\ ,«1“?&\\ o o ,\.«W& w
« »

Reach A/VF [Tev]
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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  [petter CP-tests before]

— EFT good for measurements  {this is what hurts DM-EFT]

— nobody uses an EFT for an anomaly

Coefficient | Z-pole + my | WW at LEP2 | Higgs Runl | Higgs Run2

LHC WW high-py

Can X X 36 64 x

. Cen X X 49.6 50.4 x

Where are we going? Co x x 2 7 -
Cus x X 19 81 X

. Ch x x 19.7 80.3 0.01

— global SMEFT analysis? (sanz..] Cue w8 B 004 -
Cup 99.92 0.06 x x x

— where data takes us G 00 o0t - E S
. [Y] 99.97 0.03 x| x x

— for a drink  [Kevin and Sandra first] ‘L:’ 956 o " " Tor
Chaa 99.98 x 0.01 0.01 x

i 986 0.96 0.19 023 0.07

[ 99.5 x 0.2 0.3 0.04
Cuw x x 18 82 x
Cuwp 57.9 0.02 8.2 33.9 x

Cy 99.66 0.32 X 0.01 0.01
Cuc x x 78 92.2 x
Cunr x X 95 90.5 x

Cw x 96.2 x x 3.8

Table 5: Impact of different scts of measurements on the fit to individual Wilson coefficients

in the Warsaw basis as measured by the Fisher information contained in a given dataset

Jor cach cocfficient. A cross indicates no (current) sensitivity.
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