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T(T)H AND COMBINED ANALYSES

A. David (CERN)
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TTH — A LANDSCAPE OF COMPLEMENTARITY

Systematics- Statistics-
. . In between . .
limited limited

H—bb

* High yield.
* Theory-limited

H—(WW, 11)
multileptons H—4¢

* Moderate yield.

tt+HF
backgrounds.

* Reducible
background from
non-prompt
leptons.
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TTH — AFTER THE “OBSERVATION™ GOLD RUSH

CMS ATLAS
“M + expected, total-only, uncertainties” | “Cross-sections galore”

Combination Run-1 M= 1.26 £0.29 (£0.16 stat) Run-1 M= 1.32 £0.27 (+0.18 stat)
ombingatio + 36 fb! 4.20 exp (5.20 obs) + 36—80 fb' 5.10 exp (6.30 obs)
Hobb @ 77 b M= 1.15 *£0.15 £0.27 36 b M= 0.84 £0.29 £0.56
3.50 exp (3.90 obs) 1.60 exp (1.40 obs)
= T = +0.4 +
Homoli- @ 77 fp M= 096 20.32 36 flo! M= 16204204
4.00 exp (3.20 obs) 2.80 exp (4.10 obs)
= + + = + +
1 ccor @ 77 b M= 1.7 £0.6 (£0.5 stat) @ 139 fb M= 1.38 £0.39 (+£0.33 stat)
2.70 exp (4.10 obs) 4.20 exp (4.9 obs)
H—47f @ 137 fb-! M= 0.13 £ ~1 @ 139 fb-! M*= 1.2 £1.2 £ 0.2

*STXS 0, |n|<2.5.
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| TTH — WHAT MAKES SENSE

CMS ATLAS
“M + expected, total-only, uncertainties” | “Cross-sections galore”

Combination Run-1 M= 1.26 £0.29 (£0.16 stat) Run-1 M= 1.32 £0.27 (+0.18 stat)
+ 36 fb! 4.20 exp (5.20 obs) + 36—80 fb' 5.10 exp (6.30 obs)
3.50 exp (3.90 obs) 1.60 exp (1.40 obs)
H—multi-¢ @ 77 fb- u= 0.96 £0.32 M= 1.6 £0.4 £0.4

_ 36 fb’'
Tough V2 V' — much work on systs.

M= 1.7 £0.6°(*0.5 stat)
2.70 exp

4.00 exp 2.80 exp (4.10 obs)

M= 1.38 £0.39 (£0.33 stat)

77 fb!
H—yy - 4.20 exp (4.90 obs)

~\2 V on stat.-limited channel
H—4¢ @ 137 fb-! M= 0.13 &+ ~1 @ 139 fb-! M*= 1.2 £1.2 £ 0.2

*STXS 0, |n|<2.5.
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| TTH — THEORY UNCERTAINTY MATTERS

CMS ATLAS
“M + expected, total-only, uncertainties” | “Cross-sections galore”
Combination Run-1 M= 1.26 £0.29 (£0.16 stat) Run-1 M= 1.32 £0.27 (+0.18 stat)
+ 36 fb! 4.20 exp (5.20 obs) + 36—80 fb' 5.10 exp (6.30 obs)
Heobb @ 77 b M= 1.15 *0,15 10.27 A M= 0.84 £0.29 £0.56
3.50 exp 1.60 exp (1.49 0bs
— —+ — - —+
Homulti-¢ @ 77 fo M= 0-9010.32 S |15 e
4.00 exp (3.20 obs) 2.80 exp (4.10 obs)
— + + — 4 r
Sy @ 77 &b M= 1.7 £0.6 (£0.5 stat) @ 139 b M= 1.38 £0.39 (x£0.33 stat)
2.70 exp (4.10 obs) 4.20 exp (4.90 obs)
H—4¢ @ 137 fb-! M= 0.13 &+ ~1 @ 139 fb-! M*= 1.2 £1.2 £ 0.2

20190730 - Higgs Hunting

*STXS 0, |n|<2.5.
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Discussed in CERN Collider Cross-Talk series.

- TTH. H—>BB — SYSTEMATICS

CMS: 77 tb ATLAS: 36 fb"!
PAS HIG-18-030 arXiv:1/712.08895

Uncertainty source A Uncertainty source Ap
Total : 1 015/—0.13 tt + >1b modeling +0.46 —0.46
otal experimenta +0.15/-0. Background-model stat. unc. +0.29 —0.31
b tagging +0.08/—0.07 b-tagging efficiency and mis-tag rates +0.16 —0.16
. . Jet energy scale and resolution +0.14 —-0.14
jet energy scale and resolution +0.05/—0.04 t£H modeling 1022 —0.05
Total theory +0.23/-0.19 tt + >1c modeling +0.09 —0.11
. JVT, pileup modeling +0.03  —0.05

1 0.15/-0.06 ’ o

signa ) Other background modeling +0.08 —0.08
tt+hf modelling +0.14/-0.15 tt + light modeling +0.06 —0.03
QCD background prediction +0.10/-0.08 L}lmmoslty o ) ) +0.03  —0.02
Light lepton (e, u) id., isolation, trigger +0.03 —0.04
Size of simulated samples +0.10/-0.10 Total systematic uncertainty +0.57 —0.54
Total systematic +0.28/—0.25 tt + >1b normalization +()'()Q —0.10
tt + >1c normalization +0.02 —-0.03
Statistical +0.15/-0.15 Intrinsic statistical uncertainty +0.21  —=0.20
Total statistical uncertainty +0.29 —-0.29
Total +0.32/-0.29 Total uncertainty +0.64 —0.61

20190730 - Higgs Hunting (G@DRANDREDAVID 8


https://cds.cern.ch/record/2675023
https://arxiv.org/abs/1712.08895
https://indico.cern.ch/event/723480/

TH+Q/W — A SPECIALTY ITEM

. CMS 35.9fb ' (13 TeV)
o} PP Rt
I ° [ H—WW/ZZ/r7/bb/ A
CMS: Run-2 combination. — - [ZZ]77/bb/1 68% expected
40+ wy=1.0, gy =1.0 95% expected
gtheo. o
ATLAS: No dedicated Run-2 result. Yet? as | - ow *BR
Inverted top
g 3.0 coupling SM
- :
7 tH+q/W can exclude K, = -Ky. 0 25 [ Shaded region
X is excluded
" T
)

20190730 - Higgs Hunting (@DRANDREDAVID 9


https://arxiv.org/abs/1211.3736
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2010-2011
Test statistics
Nuisance parameters

RooWorkspace exchange

Setting the stage

2014-2016
My

Kappa-framework

Run-1 combinations

2019-2020

Fiducial and differential

My
STXS stage 1.1

Run-2 combinations

LHC HIGGS COMBINATION GROUP

20190730 - Higgs Hunting

2023-2024¢

SMEFTe

Run-3 combinations?

(@DRANDREDAVID 11



LATEST OVERALL COMBINATIONS

ATLAS
CONF-2019-005

Analysis

Integrated luminosity (fb™!)

H — vy (including ttH, H — yy)

H— ZZ*— 4¢ (including ttH, H— ZZ*— 4¢)
H—-WW*— evuy

H- 11

VH, H — bb

VBF, H — bb

H — pp

ttH, H — bb and 11 H multilepton

H — invisible

Off-shell H » ZZ* - 4€and H — ZZ* — 2{2v

79.8
79.8
36.1
36.1
79.8
24.5-30.6
79.8
36.1
36.1
36.1

20190730 - Higgs Hunting

CMS

arXiv:1809.10733

L e e e e

H—yy
H—4¢
H—WW
H—tt
H—bb
H—up

H—inv

Vv (36 fb'1)
Vv (36 fb'1)
v (36 fb71)
Vv (36 fb'1)
v (36 fb'1)
Vv (36 fb'')

v (36 fb)

v (36 fb)
v (36 fb)
v (36 fb)

v (36 fb )

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

v (36 fb)

(G@DRANDREDAVID
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OVERALL SIGNAL STRENGTH — 10% PRECISION

ATLAS CMS

u=117+0.10

= 1.11709% = 1.11 £ 0.05 (stat.) %% (exp.) *0% (sig. th.) + 0.03 (bkg. th.)
g 008 Pat) Zaou (P o 18 ¢ = 1.17 £ 0.06 (stat) 7). (sig theo) = 0.06 (other syst),



REDUCED KAPPAS — A CLASSIC

ATLAS

w

< 2
1.8
1.6
1.4
1.2

1

0.8

0.6

0.4

0.2

4¢ and yy close Kq (2X lumi)

_IIIIIIIIIIIIIIIIIII
—ATLAS Preliminary

-~ Vs=13TeV, 245-79.8fb"

- m,, =125.09 GeV, |y, | <2.5

- - 410
- P, 41%

— Combined — H—-yy
—H->ZZ H->Ww

~—H-—bb
| |

—H-11

IllllllIllllllllllllllllllllll

L DL I I
+ Best fit

—68% CL
----95% CL

* SM

| TN S - - lllllllllll
0 02 04 06 038

20190730 - Higgs Hunting

CMS

0.5

" [JHobb  [JHow
| [JHszz [JHony
- [JH->ww [Jcombined

359 b (13 TeV)
T L
, ; CMS D 1o region |
[ I (R A AN— 20 region
+ Bestfit
Y% SM expected
1.5 ]
L —

1.
0.5

—

15

(@DRANDREDAVID
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STXS — @@ AND

ATLAS Preliminary &%z o

s=13TeV,36.1-798 1" 6,8 ——
my = 1822/.09 GeV, |yH| <25 By/B, "+

Pou =7 8.8, e
F—e—iTotal | SM

10™ 1 10
MM | N N T ML | MR | o
gg—H, 0-jet |H
gg—H, 1-jet, p!! < 60 GeV ey
gg—H, 1-jet, 60 < p! < 120 GeV et
gg—H, 1-jet, 120 < p’r’ <200 GeV
gg—H, = 1-jet, p¥ 2200 GeV | [
gg—H, > 2-jet, p¥ < 200 GeV e
qq—Hqq, VBF topo + Rest | e
qq—Hqq, VH topo I:
qq->Hag, P, = 200 GeV —_—
qq—>Hlv, p¥ < 250 GeV | [E—
qq—>Hlv, p¥ 2250 GeV |—|—.—q
99/qq—>Hll, pY < 150 GeV %H
99/99>HIl, 150 < pY <250 GeV | — oL 4
99/aq—>Hll, pY > 250 GeV | —e—i
ttH + tH [e-
! | 1 1
107° 107 1 10
6,xB,,/B3y [pb)

20190730 - Higgs Hunting

o, x B | BZ, (pb)

B'/ B%

CMS 35.9 b (13 TeV)
102 - gg—H e Observed -
3 = +10 (stat @ syst) 7
F * — 120 (stat ® syst)
L w— +10 (Syst) J

H+V(qa) SM prediction
10¢ VBF E
[ HWW) tHtH -
1F . H+Z(llifvv) ’ E
10F Stage 0 Simplified Template Cross Sections i
E Iy, <25 ]
10% £ bb
10F ' 7
1F * ‘
I 401 5
107! 3 ) MU 3
102} ' 3
(G@DRANDREDAVID
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ALL KAPPAS — FISHBONE

ATLAS

Includes off-shell

B

undet

BBSM

CMS

ATLAS Preliminary s = 13TeV, 245 - 798 "
m,, =125.09 GeV, ly,| <25

68% CL: —— — ——

95% CL: —_—
Bgsy =0 Ky<1 Kon = Koy
Py =88% pg, =97% pg, =95%

-1

20190730 - Higgs Hunting

IR SRR FEREE AT FEET SRR E Fr e

5 -1 05 0 05 1 15

359 (13 TeV)
CMS ® Observed
B H == 1g interval
Ly - :
| —2a interval
Ky| o L k<
Ky —_—
4 -
Iicy ———
ficgl -~
|Ky| "‘
ficul —_—
Binv -
B —
undet llIlllllllllllllllllllllllllllllllllllllllll
2 -5 -1 -05 0 05 1 156 2 25 3

Parameter value

Parameter value

(@DRANDREDAVID
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“REGGE PLOT”

> LELALIL | ' L T L T AL T -1
Eli[’i " ATLAS Preliminary ] N ‘(-1.31?\/2-
= TE {s=13TeV,245-79.8 0" z.* 3 E>|> 1§CMS W2
5 - m,=12509GeV, |y, | <25,p,, =72% o ' J g :
el B , W .
o 10 T SM Higgs boson . — o
- 3 o 107'¢
, . .b - ELL|>
10° — (T8
- b - “ 02 .
109 I SM Higgs boson
- - — (M, ¢) fi )
104;— l —; B+t ]
B B NI [ J+20
- 12f = 104E. , 3
5 1.1F 3 (% 1.5p ' : '
7 | SSU SRR (PR SRR # +~
0.9F ] e 1
0.8 ] .8 0.5
0.7 .. L . L ] © 0t T | T | Ll
107" 1 10 102 e 107" 1 10 102
Particle mass [GeV] Particle mass [GeV]

20190730 - Higgs Hunting (@DRANDREDAVID 17



EXTENDED SCALAR SECTORS — 2HDM TYPE-

= ATLAS Preliminary [ Obs. 95% CL
S Vs=13TeV, 24.5-79.8 fb" x  Best Fit Obs.
my=125.09GeV,ly |<25 Exp. 95% CL

2HDM Type-II —— SM
10t \ .
1= E

1 1 1 1 1 I 1 1 1 1 1 1 I 1

1075 05 0.5
cos(fB-a)

20190730 - Higgs Hunting

35.9 fb" (13 TeV)

2HDM Type Il
— Observed 95% CL
Expected 95% CL

02 04 06 08
cos(p-o)

(G@DRANDREDAVID



EXTENDED SCALAR SECTORS — HMSSM

ATLAS
(M>1 = Obs. > Exp.)

S ATLAS Preliminary [ Obs. 95% CL
S Vs=13TeV,245-79.8f" -ooee Exp. 95% CL
my; =125.09 GeV, ly, | < 2.5
hMSSM
10 ]

llllll

20190730 - Higgs Hunting

T T
00 300 400

P I N
500 600
m, [GeV]

CMS
(ditto)

CMS 359" (13 TeV)
o IlIlIlIlIIIIIlIIII]IIII
(=4 -
8
hMSSM )
— Observed 95% CL
----- Expected 95% CL
10

llllll

IIIlIIIIIIIIlIIllII
200 300 400 500 600 700 800 900 1000
m, (GeV)

(G@DRANDREDAVID 19



ONE-SLIDE SUMMARY
TIHES S

S

< #(t)H — Observed, moving on.
* On the way to full Run-1+Run-2 analyses.

* Theory syst. under scrutiny in ttH, H—bb since some time. - *:2

* ATLAS working on 13 TeV tH+q/W analysis?

a \
i BN
ote \

Combinations — Evolving in scope, complexity.

3y

* Moving beyond kappa-framework.

= The rise of STXS and fiducial differential combinations.

&

* Run-1 experience set common language.

=2 At the horizon — Combined SMEFT constraints?
- &X Also with Top and Electroweak measurements? PEHF“HM'NG CUMBINED ME’-\SUHEMENTS

Inspired by Physics Nobel prize winner.™

20190730 - Higgs Hunting (@DRANDREDAVID 20
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PRODUCTION MODES WITH BRq,

T I LI | LI I LI I LI I LI I LI I LI I LI I LI I LI
ATLAS Preliminary —e—Total Stat. [ Syst. SM
Vs=13TeV, 24.5-79.8 fb"

m, =125.09 GeV, |y | <25

Pey = 76% Total Stat. Syst.

I +0.07
ggF FH==H 1.04 +009( +007, gopg)
VBF = 121 202 ( o7 lods)
WH : . — 130 0% ( 0z, lozr)
ZH 1.05 93 ( o024, 019
ttH+tH I O i 121 9% ( so17, T3%)

1 I L1 1 | 1 1 I 11 1 | L1 1 | 1 1 I 1 1 | L1 1 I L1 1 | L1 1 | 11 1
06 08 1 12 14 16 18 2 22 24 26

20190730 - Higgs Hunting

Cross-section normalized to SM value

35.9fb™" (13 TeV)
CMS @ Observed
== +10 (stat © syst)
- — +20 (stat @ syst)
= 110 (Syst)
e — @ ——

'
Lllllllllllllllllllllllllllllllllllllll

e

0

0.5

1

1.5

2

25 3 35 4

Parameter value

(@DRANDREDAVID
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PRODUCTION AND DECAY RATIOS

ATLAS

LI B | I LI B I | I LI B | I T
ATLAS Preliminary He—i Total
Vs =13TeV, 24.5-79.8 fb"

m,, =125.09 GeV, [yH| <25
Pgy = 93%
o5
Oyer/ Ogqr
O/ Oggr HIEE——i
O/ Ogge HEIE—l
Sttt/ Oggr ]
By/Bz
Byw/B»
B../B, }-—EEI—{
Byy/B, ———
| T — l | I l L1 l 11 |

o

1.13
1.24
1.24
1.01
1.20
0.87
0.84
0.86

0.93
L

1

LI

Total

£013 (

+0.32
-0.27 (

+0.59
-045 (

+0.47
Zoaa (

+0.31
-027 (

+0.14
-0.12 (

+0.18
-0.15 (

+0.26
-0.22 (

+038
~o027 (

1

T
Stat. == Syst.

Stat.
+0.12
=011

+0.24
—022
+0.44
~0.35 1
+0.37
~029
+0.24
-021»

+0.12
-0.11

+0.13
-0.11

+0.19
-0.17 »

+0.27
-021 1

LI

| SM

Syst.

£0.06 )

+0.21
-0.15 )

+0.39
-0.29 )

+0.30
Zo19)

+0.20
=017 )

+0.07
-0.06 )

+0.12
Zo11)

+0.18
-0.14 )

+0.26
-0.18 )

1

20190730 - Higgs Hunting

1 15

lllll
2.5

3

Parameter normalized to SM value

CMS
Includes U

- 3591 (13 TeV)
CMS ® Observed
— : == +1c (stat ® syst)
w(gg—H-22) i— +20 (stat ® syst)
| w—t10 (Syst)
oge/Kon ———i—
o Mo ;
l"'ZH/MggH
p.m/p.ggH __.__
P2z __.__
Wz _....__
u.u/p.ZZ _._.__
pbo/p2z __....._
uuu/l_lzz -
IllllllllllllllllllllllllllllIllllllllllllll
0 05 1 15 2 25 3 35 4 45

Parameter value

(@DRANDREDAVID
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PRODUCTION PROCESSES X DECAY MODES

ATLAS CMS
Includes U

UL L L L L 35.9 " (13 TeV)
4TLAS Prellmmagy ——i Total Stat, == Syst. "I SM e Observed
Vs =13TeV, 24.5-79.8 fb CMS 16 interval
m,, = 125,08 GeV, ly, | < 2.5 _ — 1o interva
P, =71% Total Stat. Syst. 1 '
agF vy 2 096 :014( o011, 90) T z| t
ggF 2Z - 1.04 *318( so01a, x008) g Wﬂw L
ggF ww - 1.08 :o019( o011, 2015) bb— +
[
ggF tt [ - 096 '053( ‘0%, ‘0%) T :
—_—
ggF comb. . 1.04 oo ( +o0r, ‘087) Y e
VBF 1y et 139 98 0%, ) w 770 .
VBF 2Z —— 268 0 ( 0a. 03 m ww ——
VBF WW  ressy 059 03( 0Z o) > 8 :
+058 +0.42 +0.40 u- _'._
VBF tt ] 116 Tos3( Zosw. -o3s) -
VBF bb 301 (8, ) . —
+024, 018 L0016 W_ :
VBF comb. ey 121 To%( low. lona) L 7Z L
VH vy E—— 109 35 ( 3%, 03) ; WW [ *
VH 22 068 iR( im0 bb | =
VH bb o 119 S0E( B8, ) Y —
VH comb. i 115 G5 ( o, 151) yod -t
ttH+tH vy [ 110 104( 0%, 00) E] WwWw I ':
+059 +043 +041 r H
ttH+tH vV H——y 150 Zos7( Zosz. loss) bb ——
fHstH 10 —— 138 SUR( 0%, B YY P —e—
ttH+tH bb  ves— 079 '0%0( +02, :0%2) 7z B ._-
ttH+tH comb. e 121 02 Lomr, 02 T WW: ,_._
e b b b b by = TT| —e—
_2 0 2 4 6 8 bb L 1 e afl ! 1 L L
-4 -2 0 2 4 6 8 10f
Parameter normalized to SM value W
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CMS Freliminary 774 1" (13TeV)
L L L A B
L H —
| et —=— Observation B
ggHOJ | 11748 _
ggH 1J low |15 .SM Predicti _
Qg: 11‘3]?:92 _0.5'” rediction 7]
99 igh| 2.0 —=— filed —
— ggH 1J BSM [ 1.8 MuPro 7]
ggH2J low | o3
ggH2J med | 27" —=— R
gg':lzzJJBhlsgl\: _0.6 o I 77.4 o (13 TeV)
ag | 287 = CMS Observation
ggH VBF'I]ke _0.0 k) Pl’elimina SM expect@ion
qqH 2J-like | 1.3 Ha— ry L PDF & as & BR uncerfnties
: qqH 3J-like [ o0 Horoe
ATLAS Preliminary 2%z o agHother | op%f . , =¥, ... .. - = 0 Jet -040°47%
G=113215'e(;g (sss.:/ -79.8 fg'; 8,582 —— 2 0 ! & Pl 0, 60] -0.341%
= VA ES ey . CMS Preliminary 1371 16" (13 TeV) - pi 1 60,120 126115
—e—iTotal "1 SM Br Bz o Py 1120, o] 18013
10™ 1 10 .
LA A B B B my pl'OfI'Ed 04793
gg—H, O-jet [t
99-H. 1-et, pif < 60 GeV — agH-0y/pT(0,10] 0.87%. : 0.3673%
99-‘:':'?:'?::#’2:122062"\, —H ggH-0j/pT[10-200] 1,06;;',:7: MUIprIe CMS STXS stage 1 —— o
9g—>H 1-et, 120 < pyf < 200 Ge H-1jpT[0-60] 0.787; : -1 100
ogH, > et 2 200 GeV [ e 9grVPTINOA 0.7t recent results with > 77 fb e
: ggH-1j/pT[60-120] 0.827; 117%%
ompEmLEpmOey | e 9H-1/pT(120200] 15205 0.10 ot pl'> 200GeV 1 41v183
ggH-2j/pT[0-80] 1.47%% 0.16 ', Bt - 1.06°27
99-2Hqq, VBF 10po + Rest . | e 0gH-2J/pT[60-120] 1.59°2 0.23 e
"q*“""-;’“"’::oe . Ly ggH-2/pT[120-200] 1.1670% 0.11 | nelusive 10303
H-Hag, oy 2 ¢ | ggH-2j/mJJ>350 0.00;&%‘ 0.10 TR A B A A PR ST N N T SN N AT M '
......................................................................................... 000 5 0 s
qq-Hlv, p¥ < 250 GeV [ i ggH/pT>200 0'473"{.}, 0.07 Best fit Uy o0 = Tproc/Osy
’ qgH-2ymJJ[350.700] 1.7137, 0.05 E
ag->HIv, p¥ 2250 GeV H—— ) RET: E
_________________________________________________________________________________________ agH-2/mJJ>700 0.937 5 0.07 ]
) qoH-3jmJJ>350 2.89°258 " | 0.04 3
999q->Hl. py <150 GeV - ! gqH-rest 0 00‘2";‘;?3 — 0.25 é
99/aq—>HIl 150 < pY <250 GeV | — aGH-2/pT>200 O'OO%%I 0'02 1
99/qq—>HIl, p¥ > 250 GeV —e— ~Y0.00 ‘ : 3
S B AR VHpTV0-150] 32175 [ | ——a—f 0.11 1Y ]
w1 e ot VHTV=150 0.007) 3 m—t— 0.03 $ A E
e ik : T qqH-2/mJJ[60-120] 0.57 2 (-e+— 0.05 ' ;
z 090
o‘l.szz/ng[pb] tHtH 0.074 ﬁm&mﬂm& ]
012345678910
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 FROM H(125) TO 2HDM MODELS

2HDM hMSSM
— Typel Type II Type 111 Type IV
ky | sin(f—«a sin( — «) sin(B — ) sin(B — &) Satsatanp

\ /1+tan2

)

ku | cos(a)/sin(B)  cos(a)/ sin(B) cos(a)/ sin(pB) cos(w)/ sin(p) Su~ 1;;? P
kq | cos(a)/sin(B) —sin(a)/cos(B) cos(a)/sin(B) —sin(a)/cos(B) sq \/1 + tan? B
ki | cos(a)/sin(B) —sin(a)/cos(B) —sin(a)/cos(B) cos(a)/sin(B) sq \/1 + tan? B




EXTENDED SCALAR SECTORS — 2HDM TYPE-|

% ATLAS Preliminary [ Obs. 95% CL CMS 359 ™ (13 TeV)
S /s = 13 TeV, 24.5 - 79.8 fb” x  Best Fit Obs. °§1° L L B
my=12509GeV,ly |<25 - Exp. 95% CL =
2HDM Type-| ——SM
10} : : g
1
1 =
B | 2HDM Type |
— Observed 95% CL
—1 T R TR T Expected 95% CL
10705 1 )
1058 06 04 02 0 02 04 06 08
cos(f-a) cos(B-o)
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OO0 0000050
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€9 FOR EVEN MORE DISCUSSION |
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2 GETTING THERE?

SMEFT

Super Mega Epic Fun Time

222222222222222222

AAAAAAAAAAAAAAA


https://indico.cern.ch/event/745783/contributions/3082126/attachments/1690683/2720321/lecture2.pdf

SMEFT — SM FIELDS, ONE SCALAR DOUBLET

£=£SM

AAAAAAAAAAAAAAA



SMEFT — ... AND ADD HIGHER-DIM OPERATORS
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Based on Y. Jiang and M. Trott’s slides

SMEFT — SM FIELDS AND NEW QPERATORS

4 = The SM, SU(3)XSU(2)XU(1)
= Glashow 1961; Weinberg 1967; Salam 1967

6’ — The Bad
5 — Majorana mass * Weinberg 1979; Abbott Wise 1980
* Weinberg 1979; Zee, Wilczek 1979 7 — The Ugly
6 = The Good " Lehman 1410.4193; Henning et al.
° Leung, Love, Rao 1984; Buchmuller Wyler 1512.03433
1986; Grzadkowski, Iskrzynski, Misiak
Rosiek 2010 r YRS ’ 8 = The next level

* Lehman, Martin 1510.00372; Henning et al.
1512.03433
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SMEFT — WHAT'S USUALLY DISCUSSED

£=£SM

6 — The Good

" Leung, Love, Rao 1984; Buchmuller Wyler

1986; Grzadkowski, Iskrzynski, Misiak,
Rosiek 2010 8 — The next level

* Lehman, Martin 1510.00372; Henning et al.
1512.03433
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http:

inspirehep.net/search?ln=en&p=find%20smeft%200r%20%22sm%20eft%22&of=hcs

SMEFT — A CONSISTENT, IMPROVABLE, QFT

£=£SM

Heavy lifting in the last 6 years

20190628 - SMEFT + (MS
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114 papers found, 106 of them citeable (published or arXiv)
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Renowned papers (500+)

Famous papers (250-499)
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. Renormalization Group Evolution of the Standard Model Dimension Six Operators II:
Yukawa Dependence
Elizabeth E. Jenkins, Aneesh V. Manohar (UC, San Diego), Michael Trott (CERN). Oct 17, 2013. 16 pp.
Published in JHEP 1401 (2014) 035
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References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
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114. The Higgs width in the SMEFT
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https:

arxiv.org/abs/1008.4884

* For three flavor generations there are 2499, “but that's just copy-pasting”.

X3 % and ¢'D? Y3 (LL)(LL) (RR)(RR) (LL)(RR)
Qc f"BCG;‘}"G,‘,’PGE" Q‘p (tpilp)3 Qeso (ga‘go)(l_pe,g)) Qu (l_p'Yulr)(l_s'Y“lt) Qce (ép'Yper)(és'Y“et) Qe (l_p'Yulr)(és'Y"et)
¢ | FAPCGIGEGS | Qe | (plo)Dlele) | Que | (01)@uP) %5: @) @7a) | Quu | @) @ru) | Qu | () @y u)
* 3 p 1 P 7 Tl - 7 gt
Qw | KWIWIWER | Qup | (¢'D )" (¢! D) | Qup (') (@dr0) '(1;1) (qp’Y_,,T ) (@"7'q) || Qua (dyv,d:)(dsy!dy) Qua Lyl ) (dsy*dy)
QW E]JKWIqupru qu (lp’Yplr)(qs’Y“QL) ch (ép'Yuer)(ﬁs’Yuut) Qqc (qp'Yuqr)(és'Yﬂet)
" v P - -
— - Qp | Gur't)@rr'a) | Qu | @we)dard) | Q| @vuge) @ u)
X2p VX V*9?’D o _ 5 ®) | (7~ PAL V(57 A
: " — ; ; o P - Qi (u,,"yﬂur)(ds'y"dg) qu (QP'YMT qr) (asy" T uy)
Qec Pl GG Qew | (Lo"er)T oW, Qspl (@i Dy ) (L") Q(z) (1Y, T, ) (dyy*TAdy) Q(;) (@) (dydy)
_ t ~A Apv - v (3) i HI o w T s q T -s
Qué wth‘;uG l“ Qen | (Lo" jr)wljuuA Q| (p :Pﬁ @) (' "1, QY | @ T*a)(dr"TAd,)
Qew Py W;wW " Que | (30" T u,)p G/.w Qye (¢ Zgu ®)(epr*er) (LR)(RL) and (LR)(LR) B-violating
1772 v ~ v >4 1 y - .
Qw el W, Wik Quw | (G0"u,)T'GW, ) (‘PtLD# ©) (@) Qredy (Tie,)(dval) ey [(d2)TCuf] [(q)TClE
QwB Saf(p B;WB‘W QuB (QPU“"“r)FP' B}W g!q) (tpilD‘{ ‘P) (QPTI’Y#QT) Qf}:‘)qd (q;ur)gjk((jfdt) ! ]
~ g
Q5 ' B, B" Qac | (go* Tdr)p G;/}u Qou | (#'iDy ) (@ ur) Qf,i)qd (BT )en(qETAdy)
hg - =
QuwB oirlp W,f,,B"" Qaw | (o™ d:)T" W;{u Qua | (p'iDyp)(dpy*dy) Qfelg,, ( f;er)fjk(qfut)
Quwp | PT'eWLB™ || Qs | (40"d;)¢Bu | Qpua | (@' D) (@y"d,) QW | Bouwe)en(@ o u)

Table 2: Dimension-six operators other than the four-fermion ones.

Table 3: Four-fermion operators.
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https:/ /indico.cern.ch/event/727560/contr ibutions /3019707 /attac hments 1672341/2683328/BEHEP KM _20180621.pdf

OPERATE ME THIS — THJ AND TZJ PRODUCTION
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https://indico.cern.ch/event/727560/contributions/3019707/attachments/1672341/2683328/BEHEP_KM_20180621.pdf

https://indico.cern.ch/event/727 560 /contributions /3019707 /attachments /1672341 /2683328 /BEHEP_ KM _20180621.pdf

| OPERATE ME THIS — THJ AND TZJ PRODUCTION
& top county

i Higgs
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https://indico.cern.ch/event/727560/contributions/3019707/attachments/1672341/2683328/BEHEP_KM_20180621.pdf

BUT IT'S NOT JUST POLES — TAILS ARE =77

For H decays, or inclusive production, U\~O(v,mn)

50 v\ 2 6% TeV  ? . . bes | A
~ (K) ~ 070 A - pI‘ECISIOn PI’O es ar'ge

e.g.00=1% = A~ 2.5TeV

For H production off-shell or with large momentum transfer Q, u~O(Q)

5 = kinematic reach probes large A even
Q
00q ~ (X) if precision is low
e.g.00q =15% at Q=1 TeV = A~2.5TeV


https://indico.cern.ch/event/559310/contributions/2257037/attachments/1329680/1997635/Mangano-SM.pdf

BUT IT'S NOT JUST POLES — TAILS ARE =V

For H decays, or inclusive production, y4~O(v,mn)

50 ”267T6V2 isi bes large A
~ (K) ~ 0 A = pI‘ECISIOn PI’O es arge

e.g.00=1% = A~ 2.5TeV

For H production off-shell or with large momentum transfer Q, u~O(Q)

0\’ = kinematic reach probes large A even
00q ~ (K) if precision is low

e.g.00q¢ =15% at Q=1 TeV = A~2.5TeV



https://indico.cern.ch/event/559310/contributions/2257037/attachments/1329680/1997635/Mangano-SM.pdf

BUT IT°S NOT JUST POLES — TAILS ARE ¥

avs, or inclusive production, y~O(v,mn)

ision probes large A

For H prodt

if precision is low

e.g. 00q =15% at Q=1 TeV = A~2.5TeV
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