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SM Higgs—an [LHC snapshot

Run?2 indicates a SM-Iike Higgs
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Before we get very technical W}ly the ng g Sp




A cosmological Higgs

UV sensitivity
Dark
ér i Naturalness
Higgs portal HIGGS hosvy nonr il
Higgs DM mediator Ea
Inflation |
Higgs inflation Phase transiti.ons Fate Og::tfﬂlimverse
Inflaton vs Higgs Baryogenesis y

gravitational waves

The LHC provides the most precise, controlled way of studying
the Higgs and direct access to TeV scales
Exploiting complementarity with cosmo/astro probes

Similar story for Axions and ALPs, scalars are versatile



Light scalars

The light Higgs is a reality
symmetry / duality arguments to explain its nature

v, holography
4, .A

Composite
Higgs

chiral

fermion

Many, many possible realizations (phenomenology)
Predict new states, to be discovered

(SUSY partners, techni-baryons and mesons, spin-two...)
AND induce deviations in the Higgs behaviour




Direct versus indirect searches




Direct searc

es for new phenomena

consistency of data vs

Standard Model Production Cross Section Measurements
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Interpretation in models:
exclusion regions

Moded T dets h‘:" S ) Thass limit VazTETeY | azi3Te¥
USL AT SN e Wie2T oow oWk Ve D03 TG laV vl
BTy o " I eh Y A AT T T el i §
2 u W& lcowrcxcd nooEt ek Yy 2z i NDZ0T
= " oo e A e d7)-1CaV
2 anl g 0 Xeh V= 32 L ATE LR R R S TE S A TR
R el mf? Toyu ‘K3 - 0z 420 e
2 a;_‘”‘;:ll’ Jepy 12k Ve Ae . B
.,. NS (CNLEH 12:-C1 Vish o 32
= 26 (o L8P a4y - Y= b Bl S ST P
2 6N Depysrvliio SR : 3 Y e . AN T oM A e ]
0N (eaqaro bro LER . 2k Y= 32 NIV NITIC Fnoasd
2GN (Hggero NLSF) wepiy a4 = Fl N0y LIV TP NY
Jwcm oL 0 e Y= 202 e o0 nOLIAX IV '$Lmrbn O LTS
= ke’ " Ak v en e ey
R i 0wy a3t Yo el nd)cey
wafy v Ay at Y= 201 1w A])<10 DY
by r—el; 0 2L Y= 0: k7)<t 200wV
55 Fy==i, ZrpfEn . L P B AR RS Nl S LT
=il 02wy 26 Y= area2 Dz amit n ANz e
ot oo it Vlay S2|emtde ¥ 47000 A1 S
i| -y o . v 32 ro b bt s pre
- a =l GYED) Bl L Y= m: o1 30 2ev
v 3 T A A depla Y 24 e M1<220 DY
Sh.ienr e SEBeRE Ym0 |0 32302 GV nd-Icey
%aha Tatiy Zeu c v 02 |F s Cond o )t a?
08 =0 Coy c Y= o ri'ECaw v O A el
B8] 4y ey a3 - Yo ) N0, ol 7050 ¢ 1 e
e E;Q‘.—.i,u',gg“,,'juv., b - Vo A B T S R L "
ﬁé P e 320 NSek ¥a o |ina 425 0ev kDt o D0 T s
P L R TR & s SR ove 5 e ATOGN reSev (), P10 ! dmmanne
oo i3 =0 don - [ A wa Ged B e I T T T
S MSPiwestped.  Toai g - Y= oz |2 115322V P
SR Cda 1 SP) avat predd 2y - Y A L 3 2500e) Pt ad
Awe gy, oed, crgbec ) Nl e e e 035 |7 e St 152 e, 8 102 v
Sws ;h; el soghm I Flasc - Y-  ac it o 2 e 19 Ve, i) e 19 e
= o e, chpped ; Hiales 0 LTak Vo i< ; va K71 108 DY, 0 aucu A 000 &
Sty Sowwrn [ - - e
ii Uekertd: ; VTheden E oS - - b H re A= 108 WY, v T o-
= t SWED axbke P[5 G - (Au - - I T —
= T Ll B C caghed 5 23 - v e can ey 1™ <5 v 356 v
3 o frger QED. vy - - R 107V RO 157 FRNOLRE. § )
JCN G A FkA VR L - - oms | 10 W B <oriSo) €2BC wrmy (2 lmd | Tl
IV = A X Dot AT - - 25 LT P TTT
“llaper R "M SU Je N ek Y e L L= L R L g
k3 H ] s e dogn - Y= 2z v KOO, dra - DY
. 0Ny 4 VR, smvearie deyar - Yo 203 PN TR F-OTS A 4
"t L e 0 B lagcKids Iy WA Ce k=%
BEwl-fl ea 0 AShEgel e - ag V1008 D ¥
R A=t = o PRTEE S 1] S (R s e 7)aTO8 0¥
N i i PRTERE o F - U R e 02 Cuw'ermd 25 G’
24,1 b 0 Sptaenb - 'S4
WA Ze.n I N A [ D 2 B 1Y
oy scslecham 47 0 3. Ve 203 v ¥ <2202
e A 'y A 'S ' A 'S 'S e A 1 A A
"Cniy & co'a’'on I s cvavob'c mazo Mris 0% now .y 1
states cr chanamena is 2homn o Masx scale [TeV]

7



ixample: coloured SUSY

The 13 TeV data pushing hard the limits on coloured states
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Indirect searches

Focus on SM particles” behaviour
precise determination of couplings
and kinematics
comparison with SM,
search for deviations

Indirect searches using the Higgs
since 2012, relatively new
Higgs as a window to NP

expect deviations in its behaviour

Run? data and beyond
precision Higgs Physics

e.g. Anomalous trilinear gauge
couplings, aka TGCs
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The EF'T approach

Looking for small deviations from the SM



KT approach

Well-defined theoretical approach

Assumes New Physics states are heavy
Write Effective Lagrangian with only light (SM) particles
BSM etfects can be incorporated as a momentum expansion

dimension-6 dimension-8
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Advantages

® Combination: LHC Higgs and EW
production, low energy, EWPTs

e Precision: higher-order EW and QCD,
dimension-eight, validity EFT

e Consistency: Backgrounds and signal

¢ Matching: Direct connection to models

Models offer richer kinematics, and the EFT approach captures them
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Matching to UV theories

Within the EFT, connection to models is straightforward

EFT
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Combimation of data— SMEFT




Global analyses using EF'T's

EFTs induce effects in many channels, ideal framework for combination
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SMEFT recent I'GSUltS ELLIS, MURPHY, VS, YOU. 1803.03252

In this work:
Use EWPT, Higgs and diboson data, incl use STXS

Assume linear EWSB, CP-conservation and MFV

Present results in Warsaw and SILH bases, 20 operators
Matching to simplified UV models
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SMEFT recent I'GSUltS ELLIS, MURPHY, VS, YOU. 1803.03252

WARSAW basis: fit to all operators simultaneously
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SMEFT recent I'GSU]tS ELLIS, MURPHY, VS, YOU. 1803.03252

SILH basis: fit to all operators simultaneously
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SMEFT recent I'GSUltS ELLIS, MURPHY, VS, YOU. 1803.03252
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SMEFT recent I'GSllltS ELLIS, MURPHY, VS, YOU. 1803.03252

Theory

p-value

SM

0.532

SMEFT

0.528

SMEFT*

0.564

SMEFT: 20 deformations
SMEFT™: 13 deformations
(weakly coupled and renormalizable)
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SMEFT recent I'GSU]tS ELLIS, MURPHY, VS, YOU. 1803.03252

Correlations in WARSAW (left) and SILH (right)

no basis is more diagonal
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SMEFT recent I'GSUltS ELLIS, MURPHY, VS, YOU. 1803.03252

Constraints on simple extensions of the SM

Model x? | x*/na Coupling Mass / TeV

SM 157 | 0.987 - -
S 156 | 0.986 | |ys,|°=(6.3+5.9)-10"° | Ms, = (9.0, 49)

w, Type I 156 0986 | Zg-cosB8 = —0.641+0.59 | M, = (0.9, 4.3)
= 155 | 0.984 | |k=|"=(4.2+£3.4)-10"3 | M= = (12, 35)
N 155 | 0978 | [An]*=(1.8+1.2)-10"2 | My = (5.8, 13)
W, 155 | 0.984 | |g%. _ (3.3£2.7)-103 | My, = (4.1, 13)
E 156.9 | 0.993 | [Az|*=(2.0+£9.7)-10"3 | Mg = (9.2, c0)
As 156 | 0.990 | [Aa,|°=(0.8+1.1)-102 | M,, = (7.3, o)
> 156.7 | 0.992 | |Ag|* =(0.9+2.0)-10"2 | My = (5.9, 00)
Qs 156 | 0.990 Ao, |? = 0.08 £0.10 Mg, = (2.4, o)
T 156.8 | 0.992 | An|?=(20£5.1)-10"2 | My, = (3.8, 00)
S 157 | 0.993 lys|? < 0.32 Ms > 1.8
Ay 157 | 0.993 Aa.|? < 5.7-1073 Ma, > 13
3, 157 | 0.993 As.|° < 7.3-103 My, > 12
U 157 | 0.993 Av|® < 2.8 102 My > 6.0
D 157 | 0.993 IAp|* < 1.4-102 Mp > 8.4
Q- 157 | 0.993 Ao.|? < 7.7-1072 Mg, > 3.6
T, 157 | 0.993 A1 |® < 0.13 My, > 3.0
B, 157 | 0.993 a5, © < 24.10-3 Mg, > 21

Classification by DE BLAS, CRIADO, PEREZ-VICTORIA, SANTIAGO 1711.10391



EF'T precision —next steps

- incorporate higher-order QCD and EW effects
< quantify higher-order EFT effects (dimension-8)

Lots of progress on this front, some projects involved in

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

POWHEG-BOX
MIMASU, VS, WILLIAMS. 1512.02572

NLO QCD MC aMC@NLO

DEGRANDE, FUKS, MAWATARI, MIMASU, VS.
1609.04833

-------------------------------------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Feynrules—> UFO—> aMC@NLO
HAYS, MARTIN, VS, SETFORD. 1308.00442

Warsaw—>Other using Rosetta
MIMASU ET AL. 1508.05895

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

DIMENSION-EIGHT

incorporate these tools to the experimental analyses



Next direction: Machine Learning

“ Capture subtle details in “images”
| supervised or anomaly detection

§ lots of activity in the last months
N -

this is where the cutting-edge is

Asimov significance vs Luminosity

systematics 50%
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. SN
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50 100 500 1000

FREITAS, KAUR AND VS. 1902.05803



Conclusions

» The Higgs may be the key to discover new physics: lightness and
association with the origin of mass

» The discovery of the Higgs in 2012 opened a new way to look for new
physics via quantum effects (indirect). With Run2 at 13 TeV, the LHC is
approaching a precision stage for Higgs measurements

¢ The EFT approach to interpret Higgs data is a theorist-friendly procedure
and with a well-defined procedure for systematic improvement. It is
motivated by the absence of excesses in direct searches

» Global analysis EWPTs, Higgs and diboson data leads to reach for new
physics in the multi-TeV range

» To reach the precision needed for discovery, theorists are developing
precision MC tools to facilitate the communication with experimentalists



DE BLAS, CRIADO, PEREZ-VICTORIA, SANTIAGO 1711.10391

Name | Spin | SU(3) | SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1)
S | o 1 1 o [ A | 1 1 2 | -1
S | 0 1 1 1 | Ay | 1 1 2 | -1
© 0 1 2 x ¥ : 1 3 0
= | 0 1 3 o | = | 1 1 3 | -1
= | o 1 3 1 v | 1 3 1 2
B | 1 1 1 0 D | 1 3 =
B, | 1 1 1 1 | @ | 1 3 2 1
W 1 1 3 0 5 ; 3 2 —2

Wy | 1 1 3 1 | Q@ | 1 3 2 7
N | I 1 1 o | 1 | } 3 3 | -1
E ! 1 1 -1 T5 : 3 3 2
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