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Does the EW scale result from
confinement?




Does the EW scale result from
confinement?

in this talk:

= Higgs boson coupling measurements
inform model

w LHC EFT fits of Higgs couplings building and lattice

(nvestigations

m some words about UV implications

LHC Phenomenology
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genuine Higgs properties:

unitarity conservation and excitation of an isotropic and translationally

invariant background field.

w " spontancous” symmetry breaking
[Higgs * 64] [Brout, Englert * 64] [Guralnik, Hagen, Kibble * 64]

wm- CP even bias

s



Status of LHC measurements
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w cverything is consistent with the SM Higgs hypothesis (so far)
but what are the implications for new physics?
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Fingerprinting the lack of new physics

no evidence for
the SM is flawed :
exotics

coupling/scale
separated BSM physics

oA b

R sl Theory

= £SM‘|—Z

g [Buchmiiller, Wyler * 87]
I [Hagiwara, Peccei, Zeppenfeld, Hikasa * 87]

g

concrete models

« (N)MSSM

I N N N N N

* Higgs portals
* 2HDMs

: [Giudice, Grojean, Pomarol, Rattazzi * 07]
I [Grzadkowski, Iskrzynski, Misiak, Rosiek ™ 10]
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ATLAS Preliminary
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Fingerprinting the lack of new physics
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distributions
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linear Higgs eflective field theory
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consistent .
ditterontial A word of caution

distributions
not necessarily positive
definite
(cf. fixed order NoL.O)

£28 conservative probe of
' do = doM 4 dotQis L= : validity of d=6 extension
: 2 :

: QRG{MSMMd 6} :

A R R R R R T E"""E [Elhs Sanz Y()u 14]

DO VH 21 channel

[Isidori, Trott ™ 13] %00 200 300 400 500 600
[Biekotter, Knochel, Kramer, Liu, Riva * 14] myg (GeV)



consistent
differential
distributions , Energy

A word of caution
Anp
5...10TeV ’C
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I measurement I

* evolution from renormalization group equations, choice of scales
[Grojean, Jenkins, Manohar, Trott ™ 13] [Jenkins, Manohar, Trott * 13] [Elias-Miro, Espinosa, Masso, Pomarol " 13]

* consistent interpretation requires communication of resolved scales
[Isidori, Trott * 13] [CE, Spannowsky ™ 14]
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Search channel energy /s i S
ggH
ATLAS pp — H — v (central high pr) [82] 8 TeV 1'621_%:2103 71
ATLAS pp — H — ~v (central low pr) [82] 8 TeV 0'62t8',3(2) 31.8
ATLAS pp — H — vy (forward high pr) [82] 8 TeV T @il
ATLAS pp — H — v (forward low pr) [82] 8 TeV 2.03f8‘g; 29.0
ATLAS pp — H — v (tH hadronic) [82] 8 TeV ~0.841333 | 01
ATLAS pp — H — vy (ttH leptonic) [82] 8 TeV Dl o 0.0
ATLAS pp — H — vy (VBF loose) [82] 8 TeV 13340292 3.7
ATLAS pp — H — v (VBF tight) [82] 8 TeV 0.680-87 1.4
ATLAS pp — H — vy (VH dijet) [82] 8 TeV pioasid=0r 1.9
ATLAS pp — H — vy (VH EP's=) [82] 8 TeV e P
ATLAS pp — H — vy (VH 1¢) [82] 8 TeV Ofdilan e 0.0
ATLAS pp — H — 77 (boosted, ThadThad) [90] 7/8 TeV 160 0 6.9
ATLAS pp = H — 77 (VBF, ThadThaa) [90] 7/8 TeV LA 2.6
ATLAS pp — H — 77 (boosted, TiepThaa) [90] 7/8 TeV 0.907 559 8.5
ATLAS pp — H — 77 (VBF, TiepThaa) [90] 7/8 TeV 1400 1.3
ATLAS pp — H — 771 (boosted, TiepTiep) [90] 7/8 TeV 3.001‘%:28 9.8
ATLAS pp — H — 77 (VBF, TlepTiep) [90] 7/8 TeV 1.8013 59 il
ATLAS pp - H - WW — {vlv (ggH enhanced) [86, 87] 7/8 TeV Coaasd2T 55.6
ATLAS pp -+ H - WW — fvlv (VBF enhanced) [86, 87]| 7/8 TeV i 2.0
ATLAS pp — H — ZZ — 4¢ (ggH-like) [84] 7/8 TeV 1B GUR e 25
ATLAS pp — H — ZZ — 4¢ (VBF/V H-like) [84] 7/8 TeV A2 By 2
ATLAS pp — ttH — leptons (162m,,4) [97] 8 TeV —9.6019:%9 | 0.0
ATLAS pp — ttH — leptons (2007,.4) [97] 8 TeV 2-80t%'_5198 0.0
ATLAS pp — ttH — leptons (2017,,4) [97) 8 TeV —0.901339 0.0
ATLAS pp — ttH — leptons (3¢) [97] 8 TeV AR UM 0.0
ATLAS pp — ttH — leptons (4£) [97] 8 TeV B0 0.0
ATLAS pp — ttH — ttbb [95] 8 TeV 1.50+1-10 0.0
ATLAS pp — VH — Vbb (0£) [92] 7/8 TeV ST T )
ATLAS pp — VH — Vbb (1£) [92] 7/8 TeV 18 T 0.0
ATLAS pp — VH — Vbb (2£) [92] 7/8 TeV 0.9475-88 0.0
ATLAS pp — VH — VWW (2¢) [87] 7/8 TeV SN 0.0
ATLAS pp —» VH — VIWW (3¢) [87] 7/8 TeV O 2 0.0
ATLAS pp — VH — VIWW (4¢4) [87] 7/8 TeV 4.9012-99 0.0

14

Higgs EF1 current status

Search channel energy /s o SM signal composition [in %]

ggd VBF WH ZH #H
CMS pp — H — vy (tTH multijet) [83] 8 TeV LA 0.0 0.1 0.1 0.2 99.5
CMS pp — H — vy (ttH lepton) [83] 8 TeV A5 0.0 0.0 0.3 0.5 99.2
CMS pp — H — vy (ttH tags) [83] 7 TeV QU 0.0 0.1 0.4 0.4 99.2
CMS pp — H — vy (untagged 0) [83] 7 TeV 1RO 7aliey " 121 187 238 240 213
COMS pp — H — vy (untagged 0) [83] 8 TeV O33R0 6.7 16.7 205 184  37.7
COMS pp — H — vy (untagged 1) [83] 7 TeV LART S 306 174 209 195 117
CMS pp — H — vv (untagged 1) [83] 8 TeV 0.92+957 Ry - 8 2y | s 2L
CMS pp — H — vy (untagged 2) [83] 7 TeV 1¥G Ol 30.3 168 206 208 115
CMS pp — H — vy (untagged 2) [83] 8 TeV IONE 229 188  21.1 203 169
COMS pp — H — vy (untagged 3) [83] 7 TeV IGINE Y O C1G7 200 197 Ly
CMS pp — H — v (untagged 3) [83] 8 TeV 0657055 | 234 179 206 207 173
CMS pp — H — vy (untagged 4) [83] 8 TeV BT I Bk T Sl GRS
CMS pp — H — v (VBF dijet 0) [83] 7 TeV Afaratily 18 949 0.7 0.9 1.7
CMS pp — H — vy (VBF dijet 0) [83] 8 TeV (e 189 MGG IS==Tit5 0.4 L7
CMS pp — H — vy (VBF dijet 1) [83] 7 TeV AG O 42 812 34 3.5 w7
CMS pp — H — vy (VBF dijet 1) [83] 8 TeV —Qi215% 72 2.3 91.4 1.6 0.9 3.7
CMS pp — H — vy (VBF dijet 2) [83] 8 TeV XGONS Y - 3.8 72.8 4.0 4.0 15.4
CMS pp — H — vy (VH dijet) [83] 7 TeV 7.8615:86 1.0 1.3 428 411 138
CMS pp — H — vy (VH dijet) [83] 8 TeV 0.3912,8 0.9 15 40.3 401 173
CMS pp — H — vy (VH ERi) [83] 7 TeV NN 0.1 0.3 23.8 442 316
CMS pp — H — vy (VH ERiss) [83] 8 TeV EEIEREES 0.3 0780201 o5 6 s 1S
CMS pp — H — v (VH loose) [83] 7 TeV Faiohe 22 0.1 05 702 233 5.9
CMS pp — H — v (VH loose) [83] 8 TeV o E00 0.1 04 663 247 85
CMS pp — H — vy (V H tight) [83] 8 TeV —-0.3475:32 | 0.0 ORR5 7 Sy As it
CMS pp — H — pp [94] 7/8 TeV 2.9072%0 | 200 200 200 200 200
CMS pp — H — 77 (0 jet) [91] 7/8 TeV a7 e e S 85 S Gt oS T s S SORD
CMS pp — H — 77 (1 jet) [91] 7/8 TeV 1R Guacy 128 310 281 281 0.0
CMS pp — H — WW — 202v (0/1 jet) [88] | 7/8 TeV 0,745 22 19.0 313 249 249 0.0
CMS pp — H — WW — 2£2v (VBF) [88] 7/8 TeV 0.601057 20 980 0.0 0.0 0.0
CMS pp — H — ZZ — 4£ (0/1 jet) [85, 131]| 7/8 TeV 0.88715-31 41.7 583 0.0 0.0 0.0
CMS pp — H — ZZ — 4€ (2 jet) [85, 131] 7/8 TeV il B 16.7  83.3 0.0 0.0 0.0
CMS pp — ttH — 2¢ (same sign) [96] 8 TeV Seaii s 0.0 0.0 0.0 0.0  100.0
CMS pp — ttH — 3¢ [96] 8 TeV el 0.0 0.0 0.0 0.0  100.0
CMS pp — ttH — 4¢ [96] 8 TeV -4.70%3% | 0.0 0.0 0.0 0.0  100.0
CMS pp — ttH — ttbb [96] 7/8 TeV 0.707159 0.0 0.0 0.0 0.0  100.0
CMS pp — ttH — ttyy [96] 8 TeV 2A0NE §o0 0.0 0.0 0.0 0.0  100.0
CMS pp — ttH — tirT [96] 7/8 TeV | —1.30%530 | 0.0 0.0 0.0 0.0  100.0
CMS pp — H — 77 (VBF) [91] 7/8 TeV (R Tt L e S R e T 0.0 0.0
CMS pp — WH — Lvbb [93] 7/8 TeV il fEAH Y 0.0 0.0 1000 0.0 0.0
CMS pp — ZH — 2¢bb (93] 7/8 TeV 0.8071:99 0.0 0.0 0.0 1000 0.0
CMS pp — ZH — vvbb [93] 7/8 TeV LOIEE e 0.0 0.0 00 100.0 0.0
CMS pp — VH — 71 [91] 7/8 TeV 0.9871:%8 0.0 (BIDENSSRES:0F S 0.0
CMS pp — VH — WW — 262v [88] 7/8 TeV Q30 3.6 36 464 464 00
CMS pp — VH — VWW (hadronic V) [89] | 7/8 TeV L0 4.2 3.5 49.1 432 0.0
CMS pp —» WH — WW — 33v [8§] 7/8 TeV e 0.0 0.0  100.0 0.0 0.0




Higgs EFT current status

* current status (plethora of run 1 analyses included, narrow width)
[Ellis, Sanz, You " 14

]
Néf 13 §_ ' __________________ _§30 [Corbett, Eboli, Goncalves, Fraile, Plehn, Rauch " 15]
8 %_ G, G _% [Falkowski, Gonzales, Greljo, Marzocca * 15]
7 i— individual —i [CE, Kogler, Schulz, Spannowsky * 15]
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1
0

* systematic uncertaintes not too 50 40 30 -20 10 0 10 20 30 40 50

[imiting anymore in some places .



[CE, Kogler, Schulz, Spannowsky " 15] nggs EFT current statuas

* extrapolation to : based on signal strength measurements
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[CE, Kogler, Schulz, Spannowsky * 15]

* ...switch on ditferential distributions
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[CE, Kogler, Schulz, Spannowsky * 15] . depends

on improved

* distributions over-constrain the system! systematics
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tanB=30, y=200 GeV

1400+
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e.g. [Drozd, Ellis, Quevillon, You " 15]

Implications for new physics

Composite Higgs

2 )
vz My, Yy

T Tor2 12 g2

A>2.8TeV

resonances outside
Higes Kinematic coverage,

can be trusted




Implications for new physics: Compositeness

w deviations from the SM Higgs couplings pattern unavoidable in PC
SO(5)/50(4) + extra states

w UV complete picture should lend good UV properties off-resonance

et = k¥ /mw + O(my /E)

3 i 7% 4 deviation from SM

20



Implications for new physics: Compositeness

m |arge N arguments (e.g. holography)

57T [J]

Fnfs..58n) =

414
q
q

414

XJ(ZBl)J(mn),

m unitarity restored in general background geometries

[Stancato, Terning " 12]
[CE, Spannowsky, Stancato, Terning ™ 13]

= Tesonances take over the job in scenarios admitting canonical
particle interpretations as a limit

2l



Implications for new physics: Compositeness
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Implications for new physics: Compositeness

e E w fermiophobic = WBFE
50f 3/ ab,’l
_ | w fermiophilic = Drell-Yan
3 30' // s [Pappadopulo, et al. * 14]
") w LHC run 2 will zeroin
of T § on those states
i 3
T e w realistic spectra require
[CE, Harris, Spannowsky, Takeuchi " 15] lattice iﬂpﬂt
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Compositeness: Gomplementary channels

w if the Higgs is a PNGB: operators ~ HTH are suppressed by
explicit symmetry violation

m top partners as predicted by PC conspire

g

to 1

t.b == suppressed

tb Tj

g



Compositeness: Gomplementary channels

w if the Higgs is a PNGB: operators ~ HTH are suppressed by
explicit symmetry violation

m top partners as predicted by PC conspire

g ==

o Tj y S

-----  unsuppressed

t,b == suppressed, but

i1 %’%M j

similar h — Z~
[Contino etal. "~ 13]

g
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(da/de,h) / (dUSM/ de,h)

[Dolan, CE, Spannowsky" 12]

Compositeness: Gomplementary channels
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Compositeness: Gomplementary channels
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Summary

higher staustics (= smaller systematics)!
differential cross sections !
high momentum transfer final states !

direct evidence for exotics ?!




Summary
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w BT analyses have seen tremendous progress recently

= developments for new fully differential fitting techniques

w pitlalls are known, not relevant at this stage of the LHC programme
w expect a tremendous improvement with more data

w ... but ulumately a losing game too, if new physics is decoupled

m [LHC 1s zeroing in on exotics as predicted in composite Higgs models




