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Remember . ..

I'm just a poor theorist!

| work on Higgs physics and on multi-loop calculations come say hi in 2a/308!
| will present just a small selection mostly related to what I (should) understand better
My talk mainly focuses on experimental results

Heavy flavor was a hot topicC ... wait for Matthias' talk, and for LHCb results on Apr 18 @ CERN

Many interesting presentations left out of this review check the sides!
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| shamelessly ripped off the original slides
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h— Z7* = 4/ by CMS: overview [talk by Oda, CMS-PAS-HIG-16-041]

* Probing 4 (ggH, VBF, VH, ttH) production e
modes with 7 event categories.
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h — ZZ* — 47 by CMS: Signal strengths gty o, cms pasric16.00)

e 1 =1.05%313(stat. )32 (syst.)

* Combined signal strength at m;=125.09 GeV.
* Simplified template cross sections for |y, |<2.5.
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h— Z7% — 4/ by CMS: dO'/de [talk by Oda, CMS-PAS-HIG-16-041]

* Differential cross-section with respect to p;(H) and the
number of jets.

* Consistent with the SM expectations within uncertainty.
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h — ZZ>i< — 46 by CMS nggS MASS [talk by Mei, CMS-PAS-HIG-16-041]

Mass is determined by 3D measurement with m(Z;) constraint
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h — ZZ* — 4€ by CMS nggS MASS [talk by Mei, CMS-PAS-HIG-16-041]

Mass is determined by 3D measurement with m(Z;) constraint
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h — ZZ* — 4€ by CMS nggS MASS [talk by Mei, CMS-PAS-HIG-16-041]

Result and precision gain

Use per event mass uncertainty + ME-based kinematic discriminant + Z, mass constraint:

125.26 + 0.20 (stat.) £ 0.08 (sys.) GeV

Run | ATLAS+CMS (41, YY) combination: 125.09 £ 0.2 (stat.)® 0.1 I (sys.) GeV

Precision gain in mass measurement:
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h— 2% — 4¢ by CMS nggS width [talk by Oda, CMS-PAS-HIG-16-{041,033}]

19.710° (8 TeV) + 5.11b" (7 Tov)

* Mass width is measured with two very ™ e
different methods. ST .
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Fiducial cross-section [talk by Oda, ATL-CONF-2016-081; CMS-PAS-HIG-16-{020,041}]

e Total (ATLAS) and fiducial EI 100f- ATLAS Preliminary —‘o"énw me-imoocey ]
(CMS) cross sections are & gl ¢ comb dam = o unc, T U s 05y %

consistent with N3LO QCD
calculation with NLO
electroweak corrections.
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Higgs couplings @ Run-1: Ky, KF ey ayeren

Couplings to fermions and bosons strongly constrained by Run I

measurements.
epos o ois @ 1N combination, search for
u . . H — 777~ exceeds 50.
* ATLAS and CMS . .
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—— eB%CL / Q . — y ’
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+ e S — observed.
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Search for h — /ﬁ/df by ATLAS [talk by Gaycken]

m,,, in VBF tight category
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Higgs couplings to 279 & 3™ gen: recap fuu e

Measured signal strength 1 and 95% CL limit on o x Br relative to
the SM expectation for my = 125 GeV:

NEW

S. Di Vita (DESY)
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Towards evidence

* ttH product

for ttH at Run_2 [talk by Petrucciani]

overview

ion is the best direct way to probe the

coupling between top quark and Higgs boson
— tree-level process, cross section prop. to A2

— complementary evidence to loop-induced ggH,
which in the SM is also dominated by the A2
contribution from the top quark loop

* SM ttH cross section at 13 TeV: 507 fb: ~1/96% of ggH

— small, but

top quarks in the final state provide

good handles to trigger and select the events
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TOWards eVidence for ttH at Run—2 [talk by Petrucciani

Searches can be approximately grouped in:

Hadronic A -
H—bb, H—1, T, g. S,
M
* Leptonic a -

0
[ =
H—WW, H—>T£Tany S, =,
(] -,
. o <

* Bosonic:

H—vyy, H—ZZ*—42
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Towards evidence for ttH at Run-2 i oy perruceiani
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Towards evidence for ttH at Run-2 i oy perruceiani

bb

?Ms/
) =
Allns "
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* Sensitivity on p: ~1-:SM, limited by systematics
— dominated by those on tt+(b-)jets background
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Towards evidence for ttH at Run-2 i oy perruceiani

multilepton

CMS Preliminary 35.9 b (13 TeV)

m, =125 GeV

T T T
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* Both results compatible with SM within about 1c.
* Significance wrt p(ttH) = 0 hypothesis:

— ATLAS: 2.2 o (expected for SMttH: 1.0 0)

— CMS: 3.3 0 (expected for SM ttH: 2.5 0)

S. Di Vita (DESY)
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Towards evidence for ttH at Run-2 i oy perruceiani

all results

™ N T
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[ATLAS-CONF-2016-080]
[CMS-PAS-HIG-16-038]

3| [ATLAS-CONF-2016-058]
<5 | [CMS-PAS-HIG-17-004]

[ATLAS-CONF-2016-067]
[CMS-PAS-HIG-16-020]

[CMS-PAS-HIG-16-041]
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TOWards eVidence for ttH at Run—2 [talk by Petrucciani

Conclusion

* Q: “Evidence for ttH production?”
A: “Statistically, ...”
A combination of ATLAS & CMS ttH results would
likely be incompatible with u=0
“...but..”

there’s not yet a single analysis with a strong &
unambiguous ttH signal, and it will take time and
effort to get there.

S. Di Vita (DESY) Moriond EW summary 18 /1



Double Higgs production i s, casmu

Non-resonant
N - 9 ---H - +4.3
. : Ogg—Hi = 33.49+434 (scale) + 2.1 (PDF) = 2.3 (as) fb
-1 1
q ---H [13TeV,NNLO + NNLL with top mass effects, HXSWG, arXiv:1610.07922]

= OnH : main way to extract Higgs
trilinear coupling AHnH

HH production at 14 TeV LHC at (N)LO in QCD o direct information on the shape of
;;;;;;;;;;; M;;=125 GeV, MSTW2008 (N)LO pdf (68%cl) the scalar Higgs potential
- Phys.Lett. B732 (2014) 142-149 ) )
o dominated by gg fusion, other
production modes out of reach
with current data

ool

Destructive interference of the
two diagrams — small onH

Effective lagrangian used to

model BSM effects: anomalous

D - s s s Anrr and i cpupling_s and three
Mg new contact interactions

o large modification of onm

MadGraph5_aMCENLO
n

N
w
N
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Double Higgs production i s, casmu

NEW: bbrT by CMS [CMS-PAS-HIG-17-002]

35.9 fb! (13 TeV)
- -1 =)
CMS prefiminary _ _ 359 b (13 TeV) g cys - bb ur, +bb er, + bb 7,
4 4 g o preliminary Combined channels
3
15 T
T
T
1 é 10
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0.5 x
=]
c
o S 10F g Ghsarved €IS
3 -4+ Expecled CLs
2 B Expected = o
-0.5 o | Expecied =20 | |
"™500 400 500 600 700 800 900
- mg [GeV]
95% CL Excluded:
-1.5f CM_S_ [1Observed i = 1o Expected
) Preliminary -~ Expected = 20 Expected
i o T T T T T T T
T T g5[ hMSSM
20 15 40 5 0 5 10 15 20 g 39

[]Observed 95% CL excl. Expected =10 ¢ SM k
- - Expected 95% CL excl. [l Expected =20 ¢,=¢,=¢,,=0 » 3L

= Non-resonant search excludes 28 times the SM

o anomalous AsnH and y: couplings tested
o sensitive to the sign of yt

= Resonant production tested up to mx = 900 GeV,

and interpreted in the hMSSM 200 250 300 35040 "‘:f‘ieea"
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DOUble Higgs prOdUCtion [talk by Cadamuro]

“Analyses doing better than expected: Projections too conservative?”

6
'5'10

95% CL limit on o(pp—X—HH) [f

S. Di Vita (DESY)
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21 3 TeV ATLAS CMS Obs. (exp.) 95% C.L. limit on alosm
F L] Litb] MS

L — Chan. A

| bbbb  conraoibose PasHiG-T002 - ég

= PAS-B2G-16-008 Sveamaen |

F bbyy CONF20i6.004 PASHIG 15032

B bbbb 29 (38) 342 (308)
- ~ WWyy CONF2018071

F T s bbWW 410 (227)
r W bbWW PAS-HIG-16-011 el
I \ SN z bb 28 (25

E ~:bbrt PAS-HIG-17-002 T @) J
E X bbyy 117 (161) 91 (90)
3 \/ WWyy | 747 (386)

- 233267 13307 359

[=1: Test of anomalous HH couplings
= Complementarity in
different mass ranges

o much to gain from a
combination!
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Double Higgs production & the Higgs self-coupling ity e

w as a function of the Higgs self-coupling A

t h h
9 swU000y g t 5
t t . t o e 4
g 0000000C q t )
t h h
hh
R PP =hR) oy 08a 17202

o(pp — hh)sm

R=1 —= )\1,2 = {ASM,?)SASM}
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Double Higgs production & BSM iy caamur

More general (and motivated): EFT approach see aso [proo2 (2015) 035001]

JHEP04 (2015) 167 , LHCHXSWG-2016-001

= Effective Lagrangian obtained by adding dim-6 operators to the SM

Lagrangian
= Results in a modification of the SM Aunn and yt couplings and

introduces three new contact interactions

o changing these 5 couplings affect onn and the HH kinematics
= Analyses are exploring the 5-dimensional space of these couplings

o a parametrization of GHH(AHHH, Y1, C2, Cg, C2g) iS Used

--e

9 -h g ---h
h
g ~h 9 ---h
Auin
9 _-h _-h g _-h
; - p o
N S h >«
g @ T~ Cg "~ g S ~h
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A from single-Higgs production i i

LHC Run |, 20.3 fo't  — AL € [-14.5, 19.1]
2y2b, 1406.5053; SM
4b, 1506.00285;
2b2t, 2y2W, 1509.04670
A
LHC Runll, 13.3 fo-1 —» oo € [-8.4, 13.4]
4b, ATLAS-CONF-2016-049 SM
A
HL-LHC, 3 ab-t —>» — € [-0.8,7.7]
AsM

2y2b, ATL-PHYS-PUB-2017-001
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A from single-Higgs production (i s ti)

Switch on 1 operator: %(HTH)3 = loop-suppressed effect

L f h t g b w v
04 /,/ o /;/ 0000000 Os /}/’,
————— u f R U T B ¢
ho s h h
h h h Y0000000 h
- t g w y
f

All production & decays channels receive two types
of contributions: i) a process dependent one, which
is linear in Ce; ii) a universal one associated to Higgs
wave function renormalization, which contains a
piece quadratic in Cs

Gorbahn & UH, 1607.03773; Degrassi et al., 1607.04251; Bizon, et al., 1610.05771
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DV, Grojean, Panico, Riembau, Vantalon [1704.01953] [Maybe a slide from Moriond EW 20187 :)]

Warning: a global EFT analysis (w/ 10 unconstrained Higgs-deformations)
@ HL-LHC 14 TeV with 3 ab™! shows less optimistic prospects for
single-Higgs determinations of Appp = /\iml(l +0Ky)

Incl. single Higgs data H & HH all inclusive
12— - 10 T o : : : - —
\ ‘ ! 3ab! -------- Ky exclusive fit 1
10t PR ey Ky exclusive fit . H global fit ; ,I
I = = == k) exclusive CMS || :' 8r ———- global fit (H data @ LO) II
5\ global fit (Higgs + TGC) x20 |/ L i
8 ! i i
6 il
6 .
af i il
4 i
//
2,
] S oo e O S /
/7 o
0 ) ) N\ 2 .3 ab’
0 -4 -2 0 2 4 6 8 10
OK),
26 /1
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MW measurement by ATI_AS [talk by Andari]

In a traditional template fit analysis, Mw can be extracted from:

0.08-
> Lepton transverse momentum: plr E - Do
wn
. s . S 0.06F pT(e)
- insensitive to recoil £ o0sf
- sensitive to pTW modelling, higher order QCD, 2 o0af
PDF, W polarisation, charm mass T 003f
2
v E 0.02L
> Neutrino transverse mass Pr 5 001f
0.00E L n L e
— — — 25 30 35 4 45 50
p; = _(plT +i) p$ (GeV)
0.04,
u: the recoil measured as the sum of the E Do
energies in topoclusters excluding the 3 o0l
lepton itself -->sensitive to pile-up, UE Zg [ mT
& 002
3 b g
> W transverse mass My =+/2 0,0.(1-cosAdp(l,v) g 0.01L
- low sensitivity to pTW, smaller pdf = ook . ) —
uncertainties 50 60 70 80 smmr (Ge}go
- smaller non-pQCD uncertainties
- Recoil modelling crucial, sensitivity to
pile-up, UE 31
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MW measurement by ATI_AS [talk by Andari]

Physics modeling

No single generator able to describe all observed distributions.

Start from the Powheg+Pythia8 and apply corrections. Use ancillary
measurements of Drell-Yan processes to validate (and tune) the model
and assess systematic uncertainties.

. Electroweak corrections

) . . : - - QED FSR and ISR (included,
] Physics modelling corrections E - missing higher orde(r effects )

and FSR pair production
(uncertainties)

PDF

ol | QCD correctio@
- pT distribution

-’VVV% MW - polarisation
\\ - rapidity
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My measurement by ATLAS ity andari

Physics modeling uncertainties

W-boson charge W+ w- |Combined
Kinematic distribution pfr mr pfr mr p!r mr
dmy [MeV]
Fixed-order PDF uncertainty 13.1 149 120 142 {80 8.7
{ AZ tune 3.0 3.4 3.0 3.4 3.0 3.4
QCD Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower yp with heavy-flavour decorrelation 5.0 6.9 50 69 |50 6.9
Parton shower PDI uncertainty 3.6 40 26 24 |10 1.6
Angular coefficients 58 53 58 53 |58 53
Total 159 181 148 17.2 [l1.6 12.9
Decay channel W —ev W — pv
Kinematic distribution Pk mr Ph mr
i Smy [MeV]
EW! FSR (real) <01 <01 <01 <0.1
Pure weak and IFI corrections 3.3 2.5 35 2.5
FSR (pair production) 3.6 0.8 4.4 0.8
Total 49 2.6 5.6 2.6

Fixed-order PDF uncertainties are dominant:

- PDF variations (25 error eigenvectors) of CT10nnlo applied simultaneously to the boson

rapidity, Ai, and pr distributions.
- Envelope taken from CT14 and MMHT2014~3.8 MeV

The PDF uncertainties very similar between pr and mr but strongly anti-correlated between

W+ and W-

S. Di Vita (DESY) Moriond EW summary
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My measurement by ATLAS ity andari

80369.5 + 6.8 MeV (stat.) + 10.6 MeV (exp. syst.) + 13.6 MeV (mod. syst.)
= 80369.5 + 18.5 MeV,

myy

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EWK PDF Total | x?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
’ m—r—p%, W=, e-u | 80369.5 | 6.8 6.6 6.4 29 45 8.3 55 9.2 185 29/27

T T [~ C T T T ]
ATLAS °m, > o0 ATLAS 5 m,, = 80,370 £0.019 GeV ]
< Stat. Uncertainty O, E B m - 17284 £0.70 GeV
— Full Uncertainty F - my=125.0940.24 GeV |
E§80A451 = 68/95% CL of m,, and m, ]
LEP Comb. @-80376+33 MeV. C -7
Tevatron Comb. 80387416 MeV 80.4/- 3
LEP+Tevatron ©-80385£15 MeV 80.35F 1
ATLAS 1 @-80370£19 MeV 80.3i e 68/95% CL of Elecvowealx:
) E Fit wio m,, and m, ]
Electroweak Fit —-8035618 MeV c (Eur. Phys. J. G 74 (2014) 3046)
1 L L L = 1 L L L |

80320 80340 80360 80380 80400 80420 80.2 165 170 175 180 185
my, [MeV] m, [GeV]

The result is consistent with the SM expectation, compatible with the world average
and competitive in precision to the currently leading measurements by CDF and DO
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sin? 9<ff

[talk by Han]

lept |

lep
» The most precise results, LEP b-quark A% and SLD beam LR-polarization A,,, differ 3.26

= _ . Re
FF = Z = 007 sin? 6%, = Re[ro(Mz)]sin® 6 = 47k (1 - R[[ZZ]])

G -G
F B
Ap = —
O + Oy The LEP/SLD Average
0.23153 + 0.00016
P
< OMARKI *HRS ~ OCELLO WAMY L3
075 b wwac owos oz Iy Ay —e—i 0.23099 + 0.00053
sk lMARKHi:i:i} wvEN W
035 | s { A(P) o 0.23159 +0.00041
. 90GeV
@LEP A, (SLD) o 0.23098 + 0.00026
-0.25 B
st e'e” = uu Ap® e 0.23221+0.00029
-0.75 F
L L ! L L 0,
R 0 25 50 75 100 125 150 175 200 Albc 0.23220 + 0.00081
s [GeV]
Q) ——e—— 0.2324+0.0012

0 s w10 ! \ ! ! | |
_Lél/;r Ops = f%dcose 0228 023 0232 0234 0236 0.238
€ COS!
/ 07-1 sin? eL“

f
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Sin2 eeff

lept

in Drell-Yan by DO [talk by Han]

at Tevatron: reconstruct from Pythia’s sin §8(°™) « FB charge

asymmetry in the distribution of the emission angle of p% rela-

tive to the incoming ¢ momentum (in the Collins-Soper frame)

<«— LEP and SLD Average
0.23153 + 0.0001!

sin? 0F 0.22994
Statistical uncertainty |0.00059
Systematic uncertainties A?,',' o 0.23099 + 0.00053
Momentum calibration|0.00002 A(P) i " 0.23159 + 0.00041
Momentum resolution |0.00004
Background 0.00010 A, (SLD) . 0.23098 + 0.00026
Efficiencies 0.00001 A’ & 0.23221 £ 0.00029
Total systematic 0.00011 A'l;c 0.23220 + 0.00081
PDF 0.00027 ol
Total 0.00066 w i l292a0.0012
At (CDF), 9 fb™ e+ 0.23221 + 0.00046
. 2 0 AZ (DO), 9.7 b o 0.23117 + 0.00047
sin” 6. = 0.2300240.00066 -
- Afs (DO), 8.6 b e 0.23002 + 0.00066
My = 80441 + 33 MeV/c? | ! | ! |
0.22 0.225 0.23 0.235 0.24
9 !
New! Do Note 6497-CONF sin' By

S. Di Vita (DESY)

* The DO Z->ee/pp channels differ ~1.4 ¢
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Why the top mass? A matter of life and death :)

Top mass M in GeV

2007 Instability I
1502 aﬁ\\\\ prd H

oo™ S

W ]

— ?
100 1 Stability =0

I o

I 2

[ <
50| At
O I P S S Y |

0 50 100 150 200

Higgs mass My, in GeV

[Degrassi, DV, Elias-Mird, Espinosa, Giudice, Isidori, Strumia 12]

S. Di Vita (DESY)
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Higgs pole mass My now
known with per mille
accuracy = A(u)

Top pole mass
M; — MMC ~ 1 GeV
New estimates of

renormalon ambiguities,
~ 70 MeV [Beneke et al 16]

Actually the important
quantity is the running
Top Yukawa y:(u)

Also as(p) plays a role
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Top Mass combination by DO iy ran 1705 0600

> Full DO combination of Runl 0.1 fb-'and Run2 9.7 fb-!results

Recall world avg 2014: M, = 173.34 £0.76 GeV

» Systematic uncertainties and correlations among channels have been taken into account

DO *=preliminary July 2016
DO combined values (GeV)
molatlotas M, stat syst 0 combi — v ,“ (GeV)

: me 171.95

Run | Dil - 0.1 fb" u 168.4 123 3.6 GeV [T siiu Tight-jet_calibration 0.1 |
n 12.8 GeV Response to b, ¢, and g jets 010
Run | Lepton+jets 011" 1801 36 3.9GeV Model for b jots 009
H——H 5.3 GeV Light-jet response 0.21
Out-of-cone correction < 0.01
Run Il Dileptons * 9.7 b (] 173.50 11538 GO\.ISA GeV Offset <0.01
. € Jet modeling 0.07
Run Il Lepton+jets 9.71b" H 174.98 0.41 0.63 GeV Multiple interaction model 0.06
0.75 GeV b ta sdeling 0.10
DO combined * (July 2016) 174.95 040 0.64 GeV Lepton modeling 0.01
H 0.75 GeV E 1 modeling 0.35
round Irom theory 0.06
Background based on data 0.00
™ 0.64 GeV Calibration method 0.07
- . ) Systematic uncertainty 0.64
Run Il tt cross section 9.7 ib p—a—i 172.8 3.3 GeV Statistical uncertainty 0.40
1 ) ) ) ) ) Total uncertainty 0.75

150 160 190 200

S. Di Vita (DES

170 180
Top Quark Mass (GeV)

174.95 +0.75 GeV
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Resonances in VH (W', Z) o

New
Results!

ATLAS-CONF-2017-018

VH, all hadronic, ATLAS

“ Exclusion of HVT Model B(A) mass window 1.10 — 2.5(2.4) TeV for WH, and 1.10 - 2.6(2.3) TeV for ZH.

“ Largest excess at ~ 3.0 TeV with a local significance of 3.3 o and a global significance of 2.2 .

o(pp — W' — WH) x BR(H — bb+c?) [pb]

10 .0

7'>7H

10

W->WH

F ATLAS Preliminary
| Vs=13TeV 36.1 1"

—— Observed limit

—— Observed limit

— = Expected limit
- Expected =1 ¢

20

X,

e fomn

(|

---- HVT Model B, gv=3’
—— HVT Model A, g,

local significance: 3.3 o

| global significance: 22 ¢ |
| Rttt |

1500 2000

-
2500

3000

PO
3500

my, [GeV]

Hengne Li, 21 March 2017, Diboson Resonance Search

S. Di Vita (DESY)

o(pp — Z' — ZH) x BR(H — bb+c?) [pb]
3

ATLAS Preliminary
(s =13 TeV 36.1 fb"

— — Expected limit
| o
o [ 20

S Excluded

EON

loc:
| slobal signif

- =~ HVT Model B, g,
HVT Model A, 9,

ficance: 33 &

cance: 2.2 0

=3

I I
1500 2000

I
2500

ity
3000

52nd Rencontres de Moriond EW 2017
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Resonances in VH (W', Z) o

CMS-PAS-B2G-17-002
New

Results! VH, all hadronic, CMS

“ Excluded HVT Model B(A) for mass regions 1.0-2.54(2.46) and 2.76(2.82)-3.3(3.1) TeV for WH, and 1.0-2.41(2.31) TeV for ZH.
“ The excess observed by ATLAS with a local significance of 3.3 o at ~3.0 TeV is not observed at CMS.

X — VH — qabb W ->WH 35.9 b (13 TeV) X — VH — qgbb Z’->7ZH 35.9b™ (13 TeV)
F2000F T T T T T e T B2000 T T T I T T T T T T
=000 CMS 95% CL limits 1000 CMS 95% CL limits i
81000 Preliminary Observed 2100 Preliminary Observed
1 F 1 E d
T [ all categories T [ all categories ------- Expecte:
ERgE 1 =530 s
T E 100 +2s.d.
B “ HVT model B (g, h HVT model B (g, =
é s HVT modeIA(gv N == HVT modeIA(gv= 3
5 Excluded W' — WH ; Excliied Z—-ZH ]
g 10 Excluded A1
© E
3
>
E
08E il R, | 08k, u e e R, L, |
1000 1500 2000 2500 3000 3500 4000 4500 100 1500 2000 2500 3000 3500 4000 4500
my, (GeV) my. (GeV)
Hengne Li, 21 March 2017, Diboson Resonance Search 1 52nd Rencontres de Moriond EW 2017
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Summary

Many interesting new results and nice presentations

Unique atmosphere, promotes interaction between exp and th

Precision Higgs physics is now an established, flourishing field. | am
eagerly awaiting for new Run-2 results (and for the HL-LHC!)

@ LHC becoming competitive with Tevatron for Top and W mass
measurements

Underfluctuation of juicy, unexplained excesses (stev in zH by ATLAS? not by CMS)

Check out LHCb for news on flavor anomalies!

The BSM graveyard meanwhile grows . . .

Thanks!
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