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* Introduction

 New SM Higgs measurements: a quick tour

« Searches for heavy Higgs

« Searches for BSM physics with Higgs in the final state

 \Vector Boson Fusion reloaded
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Data Collected in Run-2

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
I I 1 I 1 45
Il LHC Delivered: 41.40 b !

] CMS Recorded: 38.27 fb ! ] 40

Total Integrated Luminosity (fb ')

3 o ) °
@\6 \‘\\) ‘\‘\\) \‘P‘\)
Date (UTC)

At 13TeV collected 38.27 fb-' (2016) and 3.8 fb-! (2015).

Thanks to the amazing machine performance.
29-Sept-2017



SM Higgs production+decay modes

The main Higgs production mechanisms depend on V-H or top-H couplings
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ATLAS-CMS Higgs->4l at 13TeV

CMS 359 b (13 TeV)
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e Channel with highest S/B~2/1

Higgs Mass precision: ~0.2%
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E weights / GeV

E weights - fitted bkg

ATLAS-CMS Higgs—->yy at 13TeV

CMS Preliminary 35.9 fb" (13 TeV)
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Both experiments see the Higgs signal



o xBR(H - 17),,,, (Pb)

80-110 GeV X->vyy at 8/13TeV

September 2017
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Run 2: Production Modes

The main Higgs production mechanisms depend on V-H or top-H couplings
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ATLAS Higgs—>bb at 13TeV
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CMS Higgs—>bb at 13TeV
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35

30

25

20

15

10

CMS Higgs—>trt at 13TeV
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ttH channel to multlleptons CMS
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Reconstruct the H-potential: HH->bbyy

k . CMS-PAS-HIG-17-008
N —L----
LD
(a) —pr (b)
kt¢ ’
(c) } (d) Z@b S (o) fr:]//l\\.

CMS Preliminary 35.9 b (13 TeV)

Measure the H self-coupling with gg fusion to double

Higgs process (very low yield in SM) 2
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oF E
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ldentification of (b-quark) jets

* b-jets reconstructed with anti-k; algorithm

* two categories:
resolved”R=0.4

— “boosted”: /

* R=1.0 with two R=0.2 b-tagged - a

track-jets(ATLAS bbbb), \ﬁs
ets

* R=0.8 and contains two “resolved” |
(CMS bbbb, bbrtr)

29-Sept-2017 slide from: M. Slawinska 15



(Selected) High mass Higgs searches



BSM Higgs data interpretations

» So far 125GeV scalar:
« Consistent with the SM Higgs (albeit coupling errors large).
» Large number of models beyond the SM:
« Some commonly used for LHC data interpretation listed here.

2-Higgs Doublet Model (2HDM) 2-Higgs Doublet Model + S
+ 2HDM extended by 1 complex SU(2),
« 2 doublets ®,, ®,, 5 bosons: singlet field
» 2 charged scalars: H* * Only couples to 2 Higgs fields (no
« 2 neutral scalars: h (often 125GeV), H direct Yukawa couplings)
* 1 neutral pseudoscalar: A « 2 more bosons: 1 CP-odd:; 1 CP-even
* Free parameters (tree level): « Special case: NMSSM

* m,; tanp=ratio of the two vev’s.

Type |: g & lep only couple to 2" doublet || Higgs triplets
Type Il: up-(down-)type couple to @, (®,) ||+ HTM: 7 bosons, including H**
« Georgi-Machacek model.

29-Sept-2017 17




Heavy X->vy at 13TeV

ATLAS (arXiv:1707.04147) 36.7fb- 13TeV

CMS EXO-16-027 16.2fb"1 13TeV
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ATLAS excesses in 13TeV-only: CMS has a few 20 excesses

300GeV: ~20 (however less luminosity)
730GeV: ~1.50

1.1TeV :~1.10
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ATLAS-CMS h—>4] at 13TeV

ATLAS-CONF-2017-058 36.1fb-1 13TeV

CMS Preliminary
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ATLAS has analyzed the full data set:
>30 excesses in 4lepton channel (no neutrinos):

~240GeV and ~710GeV.
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P 63 2530
m, [GeV]

CMS has 20 excess at ~300GeV
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2HDM limits with h—>4l at 13TeV

ATLAS-CONF-2017-058

tanp

ATLAS Preliminary — Observed [[J+16 band

Q.
IS ATLAS Preliminary —Observed [+ band
Vs =13 TeV, 36.1 fb™" --- Expected [ ]+2c band Vs =13TeV, 36.1fb" - Expected []+2cband
H—ZZ = I'T'I'T + I'Tvw [ Excluded H—ZZ — I'l'T'T + I'Tvw [ Excluded
2HDM Type I, cos(p-c) = -0.1 10 2HDM Type Il, cos(B-o) = -0.1

Cross section limits interpreted in the two-Higgs doublet model.

29-Sept-2017
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Singly- doubly- charged Higgs

Ht>WZ 13TeV 300GeV-2TeV 15.2 fb-" VBF livl CMS-HIG-16-027
H*>tb 13TeV 300GeV-1TeV 12.9 b1 Assoc. with top ATLAS-
blv(b) CONF-2016-089
Ht>tv 13TeV 80GeV-160GeV 14.7 b Decay of top ATLAS-
200GeV-2TeV 12.9 fb’ Assoc. with top CONF-2016-088
Hadronic CMS-HIG-16-031
Ht>cb 8TeV 80GeV-150TeV 19.7 fb-" Decay of top CMS-HIG-16-030
Semi-lept., (cbb)
(lvb)
Ht>cs 8TeV 80GeV-160TeV 19.7 tb-" Decay of top CMS-HIG-13-035
Semi-lept., (csb) ATLAS-
(lvb) arXiv1302.3694
H*=-2>5F 13TeV Depends on BR 36.1 fb" v/Z, pair production ATLAS-
900GeV CONF-2017-053
O P-&P*d7+  Depends on FS/BR 12.9 fb! Wy/Z, decays CMS-HIG-16-036
13TeV ~800GeV
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Looking for BSM with Higgs in the FS



Z’ model

« An additional U(1)' symmetry are present in several BSM
models = Z

« GUT, Little Higgs, Extra Dimensions

* Leptonic decays Z'=21*I- exclude Z' up to 4TeV.
* In certain models we have baryonic Z'; (leptophobic)

* |n certain models, Z’ links dark and visible sectors
* Searches for Z->Higgs + MET

29-Sept-2017 24
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Heavy Vector Triplet model

New heavy vectors are present in several BSM models.
« Composite Higgs, Little Higgs, ...

HVT is a simplified Lagrangian that couples fermions, the

Higgs and weak gauge bosons to a spin-1 triplet.

 Makes easier the comparison between theory and
experiments.

 HVT couplings to H/W/fermions can be constrained.

Direct search of these V'->Higgs + W/Z
« Currently analyses probing gq—->V’ production
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ATLAS Boosted V + H->bb

ATLAS-CONF-2017-018

Local (global) Significance at 3TeV:
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CMS Boosted V + H=>bb

CMS-PAS-B2G-17-002

X —» VH — qgbb 359 " (13 TeV) X — VH — qgbb 359 " (13 TeV)
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Excess at about 2.7TeV but at 3TeV no excess is observed
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X — VH — qgbb 35.9fb" (13 TeV)
! T ) l T

o)> 1 —i_ [ T ¥ [ I 1 ¥ Wx T ) T I [ mx=1 500 Gev
i CMS m,=2000 GeV
S 7 N N m,=3000 GeV
0.5/ o model B (gV=3)
L + model A (g, =1)
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-3 —2 -1 0 1 3
9, CH

Observed exclusion in the HVT parameter plane [g,cy, g%ce/g,] for three different
resonance masses (1.5, 2.0, and 3.0 TeV). The parameter g,, represents the coupling
strength of the new interaction, c, the coupling between the HVT bosons and the Higgs
boson and longitudinally polarized SM vector bosons, and c the coupling between the
heavy vector bosons and the SM fermions.The gray shaded areas correspond to the
region where the resonance natural width is predicted to be larger than the typical
experimental resolution (4%) and thus the narrow-width approximation does not apply.
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How about VBF? (,
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VBF scalar/Vector -> W.Z

T
ATLAS Pre“mmary ——e— Observed 95% CL upper limit

\s=13TeV, 36.1 fb™
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ATLAS has searched in the VBF mode for
fermiophobic heavy scalars or vectors.

Note that (as far as | know) there is no
such analysis in >HV final state.

CMS: performed WZ VBF leptonic search
but with less 15.2fb-1 (CMS-HIG-16-027)
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Run 2: VBF production
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VBF Higgs signal yield

> T I 1 T 1 1 1 1 I 1 I 1 1 I I 1 1 1 I I 1 I 1 1
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Epilogue: new data arrived!

CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV The future (Phase 2, 2025):

Data included from 2017-05-23 14:32 to 2017-09-27 14:09 UTC High Granularity Calorimeter

1 I I I I I I I 1 I I I 1 I I I 30
I LHC Delivered: 26.33 b !

[ CMS Recorded: 22.90 b !
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Taiwanese Investment:
- R&D, TestBeams
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Summary: B2G results from CMS

Vector-like quark pair production Resonances to heavy quarks Excited quarks
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T—1tZ
gKK — it b* = tW K.=1
T— bW ,
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B — bH
- W’ = tb Mve < My b* = tW KuKn=1
8 TeV RUEER1ITENm 0 0.4 0.8 1.2 16 2
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X5/3 — tW 13 TeV Z(1%) =t
X5/3 — tW Z(10%) — t
T — bW Z'(30%) — tt
0 0.3 o 0.6 i °:-‘: ose ;- § V'-5 gKK — tt Resonances to dibosons
served limi oCL (TeV) . 8 TeV o
Vector-like quark single production W= tb radion s
o 13 TeV EREY
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Phenomenological Lagrangian

1 2
Ly = __D[,u a’D["‘V"]a_F&

1 ] 5 V#avl.l a V = (V+, V_, VO)

= M B
+igyenVoH'rD H + f’;cFV#“J;i a

+ S@rvy cancVVI DIV 4 eyvanViVh “HUH — S@yvw eanW™Y “V2V,S

\Veakly coupled model Strongly coupled model

gv typical strength of V interactions
gv ~g~1 1< gy <4r
¢; dimensionless coefficients

cy ~—g%/g¢ and cp~1 cg~ cp~1

Andrea Thamm



Phenomenological Lagrangian

1 m2
_ anpyv]a V yra a . - — 0
;CV — —ZD[P V]D L +T[/#‘/# L —(L ,‘f ,[’ )

- M B
+igyenVAHT*D H + f’;cFV#“J;; :

+ %"cvw eabc VIV DV € 4 g2 cyypuVEVF *HTH — %cwweabcww WV
Coupling to SM Vectors Coupling to SM fermions  J4® =Y "F+rfL
7
Wi, Zi,h f
e g 92
AKX ~ gvCH ol
S V gv
V ~ H
K N =
WL,Zp,h f

C.pV'Jp = ClV-Jl-i-CqV'Jq-I-CgV'Jg

Andrea Thamm



Bak ermal sce"v:‘ Fideotiteted
CMS HGCal to tag these jets
Strong Taiwanese involvement

What if an excess (or deficit) is observed in the data?

Interest in models in which heavy new states are VBF produced and decay
to final states including the 125GeV Higgs
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Run 1 combination JHEP 08 (2016) 045

Production process Measured significance (0-) Expected significance (o)

VBF 4.6
WH 2.4 2.7
ZH 2.3 2.9
VH 3.5 4.2
ttH 2.0
Decay channel

H— 17 @ 5.0
H — bb 2.6 3.7

* Combination of ATLAS and CMS measurements leads to a higher
than 5 sigma observation of the VBF production process and the
H->tt decay channel.
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LHC future

* LHC Run 2 will continue in 2017/2018 at 13 TeV
* Prospects for 2017
* Changed a magnet in sector 1—2 during EYETS
* SPS new internal beam dump (limit on no. bunches)
« Aim for 1.7 to 1.8 10** cm's! (inner triplet cooling limit?)
* 5 TeV pp reference run to be scheduled (2017/2018)
* Goal for 2017 and 2018
« 45/fb per year with ~50% availability of stable beams
* LS2 - injector upgrade
» Total of 300 /fb before LS3
* LS3 - HL-LHC “phase 2 upgrades”
» Aiming for ten times more luminosity

Pippa Wells Moriond QCD Experimental Summary 85



New W mass measurement

* Closure tests; comparison of W+,W-,e,u, py fit or my fit
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CMS
Xiao Meng

HH production

~
-~
oun
o
o
n
o
L

= Ki = 0 only box diagram

- K, = 2.45 maximal interference

= Ky = 20 mainly triangle diagram

SM: x and x) induced diagrams interfere destructively, osm small (~33.5 tb)

 sensitive to the anomalous couplings k¢, ka, c2, c2g, cg'™= non-resonant
spectrum testing anomalous couplings

Predicted by many theories: X->HH = resonant search

oun/ osm < 28 (25 exp) 43




Higgs Decay Channels | Strengths/Couplings

Decay mode Branching fraction [%] Signal Strengths

H — bb 575 +1.9

H—> WW 21.6 £0.9 for a specific process i = H — f
H — gg 8.56 +0.86 o B/
H— 171 6.30 +0.36 U =— and p' = f

H — cc 2.90 +0.35 (9)su ("),
H—>Z7ZZ 2.67 +£0.11 ‘ul,f=‘ui-‘uf

H — yy 0.228 +£0.011

H— Zy 0.155 +0.014

H — uu 0.022 £0.001

Coupling Modifiers

H->gg, cc, Zy not included in the o
measurement but their contribution is K? = Gj/UfM or K? = FJ/FgM
included in the total width.
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