Higgs Couplings, Tokyo, 27t November 2018 The .
Branco Weiss
Fellowship

Society in Science

Global SMEFT Fit

Tevong You

Based on J. Ellis, C. Murphy, V. Sanz and TY, JHEP (1803.03252)



Tevong You (Cambridge)

Introduction

* Motivation

* SM EFT framework

* EWPT and TGCs

* Updated Run 2 SM EFT fit

 Conclusion



Tevong You

Why SM EFT?

Assuming a SM Higgs and decoupled new physics at higher energies, the SM EFT is the next
phenomenological framework

The TeV Scale

What effective theory captures everything we know ex-
perimentally about weak interactions?

1933-1982 4-fermion interactions

>><:~G£2 = A~TeV

1982-2011 SM without Higgs

+ ~—— = A~TeV
my,

2012-now  SM + higher-dimension operators?

= A < Mp?

Markus Luty PASCOS 2015 slide



SMEXIT:

decoupling new physics
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SMEFT framework

* New physics appear to be decoupled at higher energies

* Given particle content, write down all terms allowed by
symmetries...

ESM:‘C?R+‘CQ+‘Ch+£y )

SU@3). | SU@)L U1y
QL 3 2 2 _ _ _ _
q% 3 1 % L, = Qriv*DLQr + qrin*Diiqn + Lyiv* D Ly + lgin* Dy
% | 3 : ~3 ‘ Lo=—2B,B" — Lye omw
LL 1 2 —% G = 4 p 4 g
IR 1 1 —1 Ly = (Dy¢) (D"¢) — V(9)

1 r _ _

¢ ! 2 2 Ly = yaQrdqk + yuQréqh + yrLlrdlp +he. |

* ...Including higher-dimensional operators!

Edim-ﬁ _ G

= SM_‘pOi

* Generated by new physics at scale 4 > v



SMEFT framework

* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses
* Modulo flavour structure, there are 59 dim-6 (CP-even)

operators in a non-redundant basis

Tevong You (Cambridge)

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)

Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, TGC, and Higgs physics

EWPTs |

Higgs Physics

\ TGCs

Ow =

s >
i (HTJ“D“H) D*W¢,

Op=1%4 (HTDﬂH) 9" B,
2

Oaw = g<geWavWh werk

Onw = ig(D'H)lo*(DVH)W},

>
Or =34 (HTD“H
OE?[ = (Lpo%" LL) (Lpo%y,Ly) Oup =ig (D"H) (D"H)B,,
O = (iHT DHH)(F ) O, = g2|H* G4, G
0%, = (iHT D H) (dpyHug) O,Y:g’2|H|2B,wB““
O (!HTD H)((j YrdR) Oy = %(3“|H|2)2
oW = (iHtoe D”H)( o VQp) | Of = yf|HI2FLH® fr + h.c.
Of = (i HTD H)(Qry czf) O = A\H|°

In SILH basis (Giudice et al. hep-
ph/0703164), adopted from
Pomarol and Riva (1308.1426)



SMEFT

framework
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* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses

* Modulo flavour structure, there are 59 dim-6 (CP-even)
operators in a non-redundant basis

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, TGC, and Higgs physics

EWPTs

| Higgs Physics

|

TGCs

pv

. >
Ow =4 (HTJ‘LD“H) D*W,

Op = % (HTD“H) 9" By,

qu — f] .!, H u'yVVb Wween

Or =3 (HTB“H)Z Onw = ig(D'H)'a(DVH)W},
Of) = (Luo*y'Ly) (L LUHWLL) Onp = ig'(D*H) (D" H)B,,
Of = (iH! DHH)(r er) O, = gl H "Gy, G
oy aHfD”H)(aRwuH) O, = ¢"*|H|*B,,, B*"
04 = (il D”H) dpy"dR) On = 5(0"|H|*)?
0" = («'HTU‘LD H)(Qro**Qu) | Op = ys|HPFLH') f + h.c.
0! = (iH D, H)(Q11"Qy) O = AlH|

Combinations of
operators
constrained in
EWPT more easily
set to zero in Higgs
and TGCs

In SILH basis (Giudice et al. hep-
ph/0703164), adopted from
Pomarol and Riva (1308.1426)
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SMEFT framework

* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses

* Modulo flavour structure, there are 59 dim-6 (CP-even)
operators in a non-redundant basis

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, {TGC, and Higgs physics}

EWPTs | ~~  Higgs Physics \ TGCs N\
OH/: % (HTJ‘LS"H) DYW¢

ny

— - Operators
Op="% (HTD*H) d" By, Oaw = g<GeWavWh Wwerk constrained by
Op = % (HTB“H)J Onw = ig(D*H)to® (DVH)WE, measurements at
oW (Luo™"Lo) (L L(TH";;LL) Onn — ig (D" H) (D'H) By per cent level or
O% = (iH'D,H)(egy"e 0, = 2|H[2GA,GA worse
o (aHfﬁLH)(aRA “uH) O, = ¢|H|? B, B
0% = (iH D”H)((f YHdR) On = 5(0*|H[?)? In SILH basis (Giudice et al. hep-

O,(r 3)q (!HTG'UD H)(Q “NEQp) O_,f' _ '_Uf|H|2F],H(C),fR + h.c. ph/0703164), a.\dopted from
" — 5 Pomarol and Riva (1308.1426)
0! = GHID,H)(Qr1"Qr) | N O = AlH| 4




SMEFT framework

* Unique dim-5 Weinberg operator, violates lepton number,
predicts neutrino masses

Tevong You (Cambridge)

* Modulo flavour structure, there are 59 dim-6 (CP-even)
operators in a non-redundant basis

Buchmuller and Wyler (Nucl. Phys. B 268 (1986) 621)
Gradkowski et al [arXiv:1008.4884]

e ~19 operators relevant for EWPT, TGC, and Higgs physics

|/ EWPTs | Higgs Physics \ TGCs
' : =Y
Ow =% (HTJQD“H) DYW§,
! « -
Op =% (mm H) 0" By Ogw = gsheWavWwh week

(3%

Op = 1 (m}} n)
I'— 5 1

Onw = ig(D"H)'e"(DYH)W

v

OS_:{J)_J = (Lpo®y*Ly) (Lyo®y,Ly)

Opp = ig'(D"H)(D"H)B,,

Ok = [iHi'é)::,H_)(rR-:“( R)

Of = (ff/T]‘?{,[f)(“Hn,lf”H)

0% = (iH'D,H)(dpy"dR)

0P = (if1o" D, H) Q10" Qx)
[\ 0% = (H'D,H)(Q1r Q)

Oy = .‘JEIHPGfVGAW

Or}, — .(]IQ|H|2BIWB'LW

On = 5(0"|H|*)?

O_f = yf|H|2FLH(C)fR + h.c.

Og = A H|®

Operators benefit
from per mille
precision at LEP

In SILH basis (Giudice et al. hep-
ph/0703164), adopted from
Pomarol and Riva (1308.1426)
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LEP EWPT Example

* (Pseudo-)Observables

- ? It J‘r.t-..l _ T‘i]ﬂ'# F _ %
TR 0T 4 Res e o mer ke oAb s A

o Ay R
IS :rl.ﬂ-
R
* Depends on
3% ! * (5;:}?*({]1
M = RO MM gh) v (4| P =20 On

o {'Btl"-r (g:‘;'. »*

-f_ :.- = -_...'._.—.' _41T'?(
9 -T; QFSLJ Su %73 ?,l" ﬁc'r.'”jf

* Dim-6 operators can modify observables directly

through Zff couplings contributions or indirectly through
redefinitions of input observables

M;E -:(M;)D (HTI‘%Q G’r - G; (I—WEJ “‘-[“‘19 = *O(MQ(HTT;Q
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LEP EWPT Example

* Individual (green) and marginalised (red) 95% CL limits

AN [TeV] A=vel(M/ l-‘);"’;x

1.2 1.4 1.7 25 35 35 25
T T T T | | T
| |
—(3)g I I
CL —a
| |
—q | |
CL (o S
| |
| |
-~ | ——
CR | ® |
d | |
e - e
| |
—E | |
CR ot |
|
ET »—:—.—1."
|
_ _ |
CI’V ‘I—CB e @
|
—(3) :
°rLL o ¢
, ) , , | | , Ellis, Sanz and T.Y. 1410.7703
—0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01

* 8 (combinations of) operators probed by EWPT
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Triple-Gauge-Couplings in Diboson

* Assume SM Z and W couplings to fermions in diboson
measurements

* Interpret in anomalous TGC framework:

Lrac =

19 {(WJ”W_M ~ W WO +0g12) 02" + 5647 Z. Zhang, 1610.01618
. Zhang, .

Jr;I/V+ W (14 6k2) cgZM + (1 + drky) sg APV

[, " V]
+—1 WIHW,P(AcoZ P + AysgA ) 0.2
m2 I v zCa P Y 0 P ’ L o
w ! et e > W' W 5qqlv, ys =198.38 GeV|
% 01k - -
= I S 1
| L T TN e ;
] ] 5 -I-;‘-/C
o) fied at LEP: g S
ustl Ie at [} E D S —— =i s -"‘r ---------
@ B ______'___:,_o-_'-:_-'_-__-r_.-
D . o e S S
@ T
g T gt
) L T &gf® = 0.0019 |
S o1k R o .
| —— bgy; = 0.114 6gf* = -0.0043 -
Sky = —0.181  —eee-e 6g4® = -0.00095 |
A, = -0.14 &n = 0.00064
_pol . 1 I 1 | I I RS RPT R

“1 08 -06 -04 -02 0 02 04 06 08 1
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Triple-Gauge-Couplings in Diboson

* Assume SM Z and W couplings to fermions in diboson
measurements

* Interpret in anomalous TGC framework:

Lrac =
ig {(Wj,,w—“ — W, W) [(1+6g1.) coZ” + sgA”]
Z. Zhang, 1610.01618

1
+§W[:5W;] (14 6k2) cgZ" 4 (1 + 0ky) sg APV |

1 J—
erTWJUWu J(J()\zCG’Zp'u + )\789Ap“’)}, 0.2_ -
) _ e e > W W sqqlv, \/E = 198.38 GeV || 1

o Justified at LEP}

daldecosf fractional shift
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Triple-Gauge-Couplings in Diboson

* Assume SM Z and W couplings to fermions in diboson
measurements

* Interpret in anomalous TGC framework:

Lrac =

19 {(WJ”W_M ~ W WO +0g12) 02" + 5647 Z. Zhang, 1610.01618
. Zhang, .

1
+§W[:5W;] (14 6k2) cgZ" 4 (1 + 0ky) sg APV |

1 e —p u M L I LN LA NN A
erT?/VWM W, ()‘ZcBZp +A789Ap1)}’ =.'_'i pp—)WW‘aevyv,\/gzﬂTeV
1035— ey ——— &g1, = 0.026
C i &k, = 0.072
A, = 0.013
. o 102 L.:.:,.- —————— 6Fg§”=—0,014 E
* But not at high pT: 5| —"_'] ..... 6o% - 0036
E I — -+ SM
= s 0000 =
1_ i
PRSI I (NS (NI Il NPT [ TR (i [ (NP NI R
100 200 300 400 500 600 700 800 900 1000

Leading lepton pr (GeV)
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Triple-Gauge-Couplings in Diboson

* Assume SM Z and W couplings to fermions in diboson
measurements

* Interpret in anomalous TGC framework:

Lrac =

19 {(WJ”W_M ~ W WO +0g12) 02" + 5647 Z. Zhang, 1610.01618
. Zhang, .

1
+§W[:5W;] (14 6k2) cgZ" 4 (1 + 0ky) sg APV |

1 + | LA L L L L L L B
v —p " 73
er%/Wp W]/ ()\zCBZp Jr)\75914;) )}a ti pp—)W‘*W‘aeuyv,\/;:BTeV
1035— ey ——— 6g1, = 0026 3
- | Sk, = 0.072 ]
- - L A, = 0.013 -
. S 10%F e T 595" = -0.014 |3
* But not at high pT: F —"_'] ..... 6687 - 0036 |
o B -e- SM .
w | !
10_— e = T =
Note: quadratic dim-6 effect 5
unless diboson SM-BSM 1k | } :
interference recovered S T o 5
. . 100 200 300 400 500 600 700 800 900 1000
Azatov et al 1607.05236, 1707.08060, Panico, Riva, Leadi
eading lepton pr (GeV)

Waulzer 1708.07823, Bellazzini, Riva 1806.09640
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Updated Global SMEFT Fit

J. Ellis, C. Murphy, V. Sanz and TY, JHEP 1803.03252

* Combine EWPT, diboson, Higgs data
* Fit to 20 dim-6 CP-even operators simultaneously
* Present results in Warsaw and SILH basis

* Match to simplified models



Tevong You (Cambridge)

Updated Global SMEFT Fit

e SILH basis

CTl

pswn o Cw g (HT ”D“’H) D'W?, + C—B% (HTﬁ“H) 8By + 55 (HTD H)

SMEFT -
mw My,

e CHu /. 1t 1 g/
+—2(Lme)(Lry“L) j(zHTD H)(erpy"er) + %(EHTDHH)(URW“UR)

CHd(EH-{D H)(dR’}f“’dR) + _( Hlo HD H)(QLG’ ’}’”QL)

+ S GHDLH)(Quy'Qu) + iy ig(D"H)'o" (D H)W, + %ig (D" H) (D" H) B,
W My,
Caw 3 avyrsb Yr7c 2A rAwr | Oy 2712 v
— W, W, WerH H|*G: G™** + —g¢“|H|*B,,B"
+ o 8 + o QIHPGLGM + g HIB,,
cy 1 c S
+ g OHP? = Y | HPFLHO fi
f=eu,d
C; Cy, y
+ g—fgngBCGﬁUGprE“ ¢ 4stuHT QL?H TH-HHG:;: . (6)
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Updated Global SMEFT Fit

 Warsaw basis

(_:'[3) C{l} y i
ciiEes > “ALHDLH)Ir'y) + “HLH' D H) 04) + 5 () ()
Cup
+ (HTD H‘ + HWBHT THW], B
_U _
C? D, H) (e i D, H)(ay"u) + C— (H'i' D H)(dy*d)
v
o) (;r(lll &
+ i D LH) (g v#q) + —a(H W'D L H) (@) + W W

arsaw C CdH _ CEH _
LNERT D ,U (HTH}(JEH) 2 —~(H"H)(gdH) + —5-(H"H)(quH)

Cuo + 1 Cug - vepA, N IT A
2 (H'H)O(H H)—l—?(qa” T u)H G,

o o
+ I atawlw + 2P gt B, B + ~1C
(¥ (% v

H'H G4,G* .



Observables

* LEP and SLC EWPTs, My, from ATLAS, Tevatron

Observable Measurement Ref. SM Prediction Ref.
[, [GeV] | 249524+0.0023 | [39] | 2.4943 +0.0005 | 38 |
ol . [nb] 41540 £0.037 | [39] | 41.488 £0.006 | [38] |

R} 20.767 4+ 0.025 [39] | 20.752 % 0.005 38] |
Al 0.0171 £ 0.0010 | [39] | 0.01622 + 0.00009 | [114] |
A (Py) 0.1465 4+ 0.0033 | [39] | 0.1470 +0.0004 | [114] |
A, (SLD) | 0.1513+£0.0021 | [39] | 0.1470 +0.0004 | [114] |
R 0.021629 + 0.00066 | [39] | 0.2158 +0.00015 | [38] |

RY 0.1721 £ 0.0030 | [39] | 0.17223 £ 0.00005 | [38] |
A 0.0992 +0.0016 | [39] | 0.1031+0.0003 | [114] |
Ape 0.0707 £0.0035 | [39] | 0.0736 +0.0002 | [114] |
A 0.923 & 0.020 [39] 0.9347 [114] |
A, 0.670 £ 0.027 9] | 0.6678 £0.0002 | [114] |

My [GeV] | 80387 £0.016 | [40] | 80.361+0.006 | [114] |
My [GeV] | 80370+0.019 | [94] | 80.361+0.006 | [114] |

* LEP WW measurements
* ATLAS WW high pT overflow bin

Tevong You (Cambridge)
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Observables

* ATLAS+CMS Higgs Run 1

Production | Decay | Signal Strength |] Production | Decay | Signal Strength
ggF vy 1.1075353 Wh TT ~1.4+14
ggF ZZ 113705 Wh bb 1.0+0.5
ggF WWw 0.84 £0.17 Zh ¥y 0.575%
ggF TT 1.0£0.6 Zh Ww 59728
VBF vy 1.3£0.5 Zh TT 2,272
VBF ZZ 01155 Zh b 04x04
VBF WWw 1.2+£04 tth ¥y 2.2°18
VBF TT 1.3£04 tth Ww 50775
Wh "y 0.5 tth TT ~1.9133
Wh WW 1.6%)2 tth bb 1.1+=1.0

pp Z 2.71%8 pp [t 0.1+25




Observables

* ATLAS+CMS Higgs Run 2

Tevong You (Cambridge)

Production Decay Sig. Stren. Production Decay Sig. Stren.
96] | 1-jet, pr > 450 bb 23718 [105'] pp i —0.1+1.4
97, Zh bb 0.9£05 | [106 Zh bb 0.697037
07 Wh bb L.7+£0.7 | [106 Wh bb 1214948
98 tth bb —0.195050 1 107 tth bb 0.8410:01
99 tth 14+ 27, | —1.205152 | [108 tth 2008 + 17y, L7
99 tth 2ss+ 17, | 086155 || [108 tth 10427, | —0.6%%
9 tth 304+ 1m, | 1.22713 | [108 tth 30+ 1y, 16115
[100] tth Wss L7l (108 tth 2ss+1m, | 3.5107
[100] tth 3¢ 1053 [108 tth 3¢ 1.8402
[100] tth 40 0.9773 [108 tth 2ss 1.550¢
[101] 0-jet Ww 0.9704 | [109 VBF W 1.7
[101] 1-jet wWw 1.1+04 | [109] Wh W 3.2
[101] 2-jet WWw 1.3+£1.0 | (110 B(h — )/ B(h — 41) 0.69"015
[101] |  VBF 2-jet Ww 14+08 | [110 0-jet 4¢ 1071022
[101] Vh 2-jet WWw 21723 [110 L-jet, pp < 60 4¢ 0.670 58
[101] Wh 3-lep Ww —1.4+15 | [110] | 1-jet, pr € (60,120) 4¢ 100783
[102] ggF vy LA | [110] | 1-jet, pr € (120,200) 4¢ 21113
[102] VBF +y 05598 | 110 2-jet 4¢ 2.2419
[102] tth Ay 22409 | [110 “BSM-like” 4¢ 23712
[102] Vh vy 2.3 | [110 VBF, pr < 200 46 2.1470%
[103] ggF 4 1201937 | [110 Vh lep 4¢ 0.373
[104) O-jet T 0.84 +0.89 || [110 tth 4¢ 0.517 55
[104] boosted T 1.17*_'335
[104] VBF T 1111958
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Observables

Including kinematical
information facilitated

e ATLAS+CMS Higgs Run 2 by STXS

Production Decay Sig. Stren. Production Decay Sig. Stren.

96] | 1-jet, pr > 450 bb 2.3718 | [105] P L —0.1+1.4

97 Zh bb 0.0+0.5 | [106 Zh bb 0.6970%

97 Wh bb L.7£0.7 | [106 Wh bb 1214948

98 tth bb —0.1970% || [107 tth bb 0.8410 01

99 tth 1427, | —1.2000% |l 108 tth 20os + 173, 1.7

99 tth 2ss+ 17, | 086155 || [108 tth 1 +2m | —06%7

9 tth 30+ 1m, | 1220130 | [108 tth 30+ 17, 167173
[10 ] tth 2fss I.Tlg:g [108 tth 2ss + 17 351{;
[100] tth 3¢ L0555 | [108 tth 3¢ 18507
[100] tth 40 09138 | [108 tth 2ss 1.5% 0%
[101] 0-jet W 0.9704 | [109 VBF WW 1.7+
[101] 1-jet W 1.1+04 | [109] Wh WW 3.2°15
[101] 2-jet Ww 1.3+1.0 | [110] | = Blh —97)/ B(h — 46) 06975713
[101] |  VBF 2-jet WWw L4408 | [110 0-jet 4¢ 1.07102% \
[101] Vh 2-jet Ww 21555 | 110 L-jet, pp < 60 4¢ 0.6710%2
[101] |  Wh 3-lep W ~1.44 1.5 || [110] | 1-jet, pr € (60, 120) 4 1.00*5 23
[102] ggF 1y L1 || [110] | 1-jet, pr € (120,200) 4¢ 21713
[102] VBF vy 0.570% | [110 2-jet 4¢ 2.2
[102] tth "y 22409 | [110 “BSM-like” 4¢ 2.3+12
[102] Vh +y 23500 | 1o VBF, pr < 200 4¢ 2.1475%
[103] ggF 40 1.20%93%F || [110 Vh lep 4¢ 0.3%}3
[104] 0-jet T 0.84+0.89 | [110 tth 44 0.517556 //
[104] boosted TT 1174050
[104] VBF T 111+
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STXS

e Simplified Template Cross-Sections

e Sub-division into kinematic regions for production
processes

ATLAS preliminary

ATLAS-CONF-2017-047

* Facilitates combination and interpretation
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STXS

* STXS measurements

i T T Ll 1 I T T 1 T ) T T I T T T T I T T T T I T ) T T I ) T T T I ) T
99—H (0-jet) I-B-! ATLAS Preliminary
_ -1
ag—H (1-jet, p" < 60 GeV) Vs=13TeV, 36.1 b
T H—-yy and H—>ZZ*—4l
g9—-H m,, =125.09 GeV, |y |<2.5
(1-jet, 60 < p'’ <120 GeV) H
gg—H o | B, /B
(1-jet, 120 < p < 200 GeV) = ! Yo T4
gg—H (> 2-jet, p" < 200 GeV ] |.H.|
or VBF-like) ' J— -
gg—H (> 1-jet, p >200 GeV) . —Fe— | Rationormalized t6 SM
+ qg—Haq (7" Y200 GeV) —— '
a9 —Haq (p,r < 200 GeV) l | E | Measurement lef
- Stat. uncertainty

1 ]
HIlIH. .
99/qq —HIllHIv ' L= 1 ' Syst. uncertainty D

ggiqq —ttH —to— | S:"' pred'c“lon II ATLAS-CONF-2017-047

3 4 5 6
G, X B4| normalized to SM

N L
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STXS

e STXS dim-6 predictions

Cross-section region 2 Aic

gg — H (0-jet)

g9 — H (1-jet, p¥ < 60 GeV) 56c,

99 — H (1-jet, 60 < pH <120 GeV)

99 — H (1-jet, 120 < pZ < 200 GeV) 56c, + 183G + 11c2G
99 — H (1-jet, p¥ > 200 GeV) 56c, + 52¢3G + 34c26G
99 — H (> 2jet, pif <60 GeV) 56c,

g9 — H (> 2-jet, 60 < p < 120 GeV) 56c;, + 8¢3G + 7c2G
99 — H (> 2jet, 120 < pif <200 GeV) | 56¢, + 23¢3G + 18¢2G
gg — H (> 2-jet, p# > 200 QCV) 56¢c; + 90c3G + 68c2G
99 — H (> 2-jet VBF-like, p} < 25 GeV) | 56c,

99 — H (> 2-jet VBF-like, pJ! > 25 GeV) | 56¢, -+ 9c3G + 8¢2G

qq — Hqq (VBF-like, p’T’ < 25 GeV) —1.0cH — 1.0¢T + 1.3cWW — 0.023cB — 4.3cHW
—0.29¢HB + 0.092¢HQ — 5.3¢cpHQ — 0.33¢cHu + 0.12cHd
qq — Hqq (VBF-like, p%‘ > 25 GeV) —1.0cH — 1.1cT + 1.2cWW — 0.027¢B — 5.8cHW
—0.41cHB + 0.13cHQ — 6.9cpHQ — 0.45cHu + 0.15cHd
qq — Hqq (p'} > 200 GeV) —1.0cH — 0.95¢T + 1.5¢WW — 0.025¢B — 3.6¢HW
—0.24¢HB + 0.084¢HQ — 4.5¢pHQ — 0.25¢cHu + 0.1cHd
qq — Hgq (60 < mj; < 120 GeV) —0.99cH — 1.2¢T + 7.8¢WW — 0.19¢B — 31cHW
—2.4cHB + 0.9cHQ — 38cpHQ — 2.8cHu + 0.9cHd
gq — Hqq (rest) —1.0cH — 1.0cT + 1.4cWW — 0.028¢B — 6.2cHW
—0.42cHB + 0.14cHQ — 6.9cpHQ — 0.42cHu + 0.16¢Hd
] —~0.98cH + 2.9¢cu + 0.93¢G + 310cuG Hays, Sanz, Zemaityte
99/99 — ttH [LHCHXSWG-INT-2017-01]

+27¢3G — 13c2G




Ratio with respect to SM

STXS

e STXS dim-6 predictions

Tevong You (Cambridge)

~ [ T T 1 [ | 1 [ | I |
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STXS

* Good agreement with optimised non-STXS fit

Observed HEL constraints with H— ZZ* and H — yy

| T
cG[10%] .

cA[107]

- .
cHW [107] . :

cHB[107]

cWW-cB[10"]

[
ATLAS Preliminary

Vs =13 TeV, 36.1 fb”

Fit to ATLAS STXS measurements (ATLAS-CONF-2017-047)

cG[10]

cA[10%]

cHW [107]

cWW-cB[107]

\
\LHCHXSWG-INT-2017-001

-2 0

2
Parameter value

2
Parameter value

ATLAS fit uses more categories than measured STXS
Fit to STXS measurement can only constrain five parameters

https://indico.cern.ch/event/682466/contributions/2796820/attachments/1573120/2482936/WG211Dec2017.pdf

27 Mar 2018

C. Hays, Oxford University

De Blas, Lohwasser, Musella, Mimasu (1803.10379)

Talks by Douglas Schaefer and Chris Hays

e See also VHbb case rasconr201s0s3

Tevong You (Cambridge)



Results

* SILH basis, fit each operator individually

 Individual
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Results

* SILH basis, fit each operator individually

 Individual
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Results

* SILH basis, fit all operators simultaneously

Marginalised
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Results

* Warsaw basis, fit each operator individually

[ndividnal
0.03 ]

0.02 -

I {}HH""H_ |

—0.01 H ¢
—0.02 - - 1 « pre-LHC Run 2 onlv |
b | « All data 1
—0.031 | | Y S S B [ [
mom U R 0 E Q & UDEssSsSssS 2 o2 o8 ¥ ooxm o=
T 500 = oz T TS FEEEEEEE R R o= 00U 750
SETPTSTITL VLRV T § §88TWD

I | . E 5 =S O S D =2 399 =S | | I

e == |- — — — = = o =

— = — — =



Tevong You (Cambridge)

Results

 Warsaw basis, fit all operators simultaneously

Marginalised
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Results

e Warsaw basis, improvement from Run 1 to 2 (lower is
better) for individual fit

Individual
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Results

e Warsaw basis, improvement from Run 1 to 2 (lower is
better) for marginalised fit

Marginalised
1. -

0.8
(.6
0.4

0.2




Results

 Warsaw basis, summary
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=
N

[
o

18
16

[
i

T

o N B~ O O

Tevong You (Cambridge)

% CL limits LEP + LHC Run 1+2
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Results

Loop-induced

: Hyy and Hgg
 Warsaw basis, summary
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Results

* Simplified models: stops (Run 1)

1000 (RS REREDIRIE 1% S i
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Drozd, Ellis, Quevillon and T.Y.
1504.02409
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Results

* Simplified models: stops (Run 2)

tan 5 = 20
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Results

* Simplified models: renormalisable SM extensions

Name | Spin | SU(3) | SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1)
S 0 1 1 0 Ay : 1 2 —32
S 0 1 1 1 Aq : 1 2 —3
p 0 1 2 : )Y : 1 3 0
= 0 1 3 0 )2 5 1 3 -1
= 0 1 3 1 U 2 3 1 2
B 1 1 1 0 D : 3 1 —3
B, 1 1 1 1 Q1 : 3 2 :
W 1 1 3 0 Qs : 3 2 —2

W, 1 1 3 1 Q- : 3 2 !
N : 1 1 0 T : 3 3 —3
E : 1 1 -1 1> : 3 3 2

* Classification and tree-level matching dictionary oests criado, perez-victoria,

Santiago [1711.10391]



Results

Tevong You (Cambridge)

* Simplified models: renormalisable SM extensions
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(e) B, no ¢! operators

e Streamlines process of interpreting limits on BSM parameter

space

(d) W, no ¢* operators

| Model ‘ 2 ‘ 2 /nqg Coupling ‘ Mass / TeV ‘
| sMm 157 0.987 | : | - |
S, 156 | 0.986 | |ys,|” = (6.34£5.9)-1073 | Mg, = (9.0, 49)
o, Type I | 156 | 0.986 | Zg-cos = —0.64+0.59 | M, = (0.9, 4.3)
= 155 | 0.984 | |k=)® = (4.2£3.4)-107% | M= = (12, 35)
N 155 | 0.978 | Ay = (1.8£1.2)-10"2 | My = (5.8, 13)
Wi 155 | 0.984 | |i5, T (3.34+2.7)-1073 | My, = (4.1, 13)
E 157 | 0.993 Ag|° < 1.2-1072 Mg > 9.2
Ag 156 | 0.990 |Aa,|” < 1.9-1072 Mp, > 7.3
b 157 | 0.992 As|? < 2.9-1072 My > 5.9
Qs 156 | 0.990 |Ag.]” < 0.18 Mg, > 2.4
T, | 157 | 0.992 Ay * < 711072 My, > 3.8
S 157 | 0.993 lys|® < 0.32 Mg > 1.8
Ay 157 | 0.993 Aa, > < 57-10°% My, > 13
o 157 | 0.993 Ay, < 7.3-10°3 Mg, > 12
U 157 | 0.993 Av|? < 281072 My > 6.0
D 157 | 0.993 IAp|* < 1.4-10°2 Mp > 8.4
Q- 157 | 0.993 Ao, |” < 7.7-1072 Mg, > 3.6
T, 157 | 0.993 A, |* < 0.13 My, > 3.0
B, 157 0993 (gglr <24.107 Mg, > 21
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Future e+e- Constraints

J. Ellisand TY. [arXiv:1510:04561]
ILC and FCC-ee
100¢ Individual Marginalised |- 8f Individual Marginalised |
[ ILCc250 3 1Lc250 7t [ 1LCc250 1 ILC250 ||
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LALLM L& ar: - . o =E . . E
Cw —I—CB Cp E(?p)l Cp Cy Cg Cw Cyw Cun Caw

LL

* Future precision sensitive to TeV scale, even for loop-induced operators

* One-loop matching simplified by a Universal One-Loop Effective Action

Henning, Lu, Murayama, 1412.1837;
Drozd, J. Ellis, Quevillon, TY, 1512.03003;
S.A.R. Ellis, Quevillon, TY, Z. Zhang, 1604.02445, 1706.07765.
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Conclusion

 SM EFT framework is the Fermi theory of the 21+t
century

 Systematic classification of decoupled new physics
* Correlates measurements and eases interpretation

* Finding patterns of deviations will give clues to a
deeper underlying theory at higher energies



Backup

Coefficient | Z-pole + my | WW at LEP2 | Higgs Runl | Higgs Run2 | LHC WW high-pr
Cun X X 42.4 57.6 X
Corr X X 49.6 50.4 X
Ce X X 2.4 97.6 X
Cup X X 18.6 81.4 X
Cun X X 19.3 80.7 0.01
Cra 99.85 X 0.04 0.1 X
Cup 99.92 0.06 X X X
Chie 99.99 0.01 X X X
Cue X X 41.1 58.9 0.03
) 99.97 0.03 x X x
) 99.56 0.41 X X 0.01
@Sz, 99.98 X X X X
c) 98.5 0.96 0.19 0.31 0.07
Crr 99.3 X 0.2 0.42 0.04

Cuw X X 18.3 81.7 X
Cruws 57.7 0.02 8.2 34.1 %
Cu 99.66 0.3 X 0.01 X
Cuc X 8.9 91.1 X
Coun X X 10.9 89.1 X
Cw X 96.2 X X 3.8
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Higgs constraints on dim-6
operators

* Operators affect Higgs signal strength measurements,

di,ffe.re.,ntia' distrillqutions
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