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* Global EW fit (Gfitter collaboration) -
after Higgs boson discovery & m,, measured "

« x?/dof=17.8/14 (pvalue: 0.21)
[ for m;=300 GeV, would be p=3x10-°]

 For the first time: self-consistent EW sector
* No direct observation of BSM physics

* No (indirect) indication of BSM physics
In h(125) measurements
« Higgs boson coupling strength SM-like

 consistent with a 0+ state
* Higgs boson mass and width

« Time to forget about the Higgs boson and .

move on to something more interesting? 2« N

Eur. Phys. J. C 74, 3046 (2014)
Data: LEP, SLC, Tevatron, LHC o
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 Naturalness: m,? ~ u? + cA2.

« If it is real: low fine-tuning requires TeV-
scale BSM physics (for 1%: A<10 TeV)

e Vacuum stability
* Nature of EW vacuum tied to m,, and m,

« Dark matter, dark sector
 H could be the only SM particle coupling to DM
DM
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 Search for additional Higgs bosons (on-shell)

* Indirect probe for BSM physics
« BSM models: typical effect on couplings O(5%)
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- MSSM, composite Higgs, twin-Higgs, add. singlet ' bty |
* Just about to enter this region of precision! 168 o
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Outline

Searches in this talk

High-mass Higgs boson
MSSM Higgs boson

2HDM summary searches with CMS:
see previous talk

h—aa by Ye Chen

Di-Higgs

H—1nvisible

LFV Higgs boson decays

| will focus on 13 TeV results, with very few exceptions.
All CMS Higgs results can be found here:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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CMS experiment
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High-mass Higgs boson searches

Workhorses for high-mass SM-like Higgs boson searches

//—4] CMS-PAS-HIG-15-004 /7.7 —llvv CMS-PAS-HIG-16-001
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No significant excess observed
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-001/index.html
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-004/index.html

High-mass Higgs boson searches

H—4|
No event observed for m,>600 GeV

No significant excess

Limit on 6(gg—X—ZZ—4l)
a few fb formy, <1 TeV

Low tan B exclusion in type-1/11 2HDM
for mH from about 2m,, to 2m,

CMS Preliminary 2, B fo! (13 TeV)
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2HDM Interpretation

Summary of run-1 results (not a combination!)

2HDM type-I1 (all fermions couple to the same Higgs doublet)
Constrained for |cos(B-a)[>0.5 or tan f<3*, via VV (m,<2m,) and tt

tanp
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[ Observed exclusion 95% CL
s====== Expected exclusion 95% CL

[ ] AH/h— 1t (HIG-14-029)

[ ] A-ZH-libb (arXiv:1603.02991)
Non-perturbative region

H— WW/ZZ (arXiv:1504.00936) |

[ | A-ZHolitt (arXivi1603.02991) | |



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-007/index.html

2HDM Interpretation

Summary of run-1 results (not a combination!)

2HDM type-I1 (up/down-type fermions couple to different doublet)
Constrained for |[cos(B-a)|>0.2 (VV, t1, coupling fits)
Best-fit at the alignment CMS Preliminary <51 fo'' (7 TeV) + < 19.7 fo"' (8 TeV)

- _ 2HDM Type lIfjcos(p-a)=0.1, m, =mg=my+ 100 GeV
limit cos(p-a)=0 2 1 ]
o [ ] Observed exclusion 95% CL i
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-007/index.html

Mainly motivated by 2ZHDM+singlet
models (e.g. NMSSM); 7 Higgs bosons
Decays investigated: yy, uu, tt, bb
aa—4t: 5-15 GeV - subjet techniques
aa—bbpp, Ttpp: 20 GeV - m, /2
require My, /., 10 be (125%25) GeV

Unbinned ML fittom, . .
= 20 9.7 fb" (8TeV)
NO excess E‘%: E TP Prelifg:\vn:y

r . Signal + background

Observed ?5 5 w best fit, m_ = 35 GeV bbl.lll
- CMS-PAS-HIG-14-041

Mgkt
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h—aa: summary

For specific models, BRs are fixed; results can be compared
Analyses are sensitive in different m, regions
Example: 2HDM type-3+S 19.7 " (8 TeV)

_ 10°
For SM production xsec, CMS
T 10° - Preliminary

BR(h—aa)<10* (1-3 GeV) <
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-011/index.html
https://arxiv.org/abs/1312.4992

Di-Higgs searches: bbbb bbyy bbWWw

events / 20 GeV

Pull

Strong suppression in SM (negative interference)
Enhanced by resonance, or particle in the loop?
Channels: h,—bb (high rate), h,—bb/WW/tt/yy
require two decays compatible with h(125)
Resonance search: spin-0 (radion) and spin-2 (G)

No excess observed

231 (13 TeV)

- cms
- Preliminary

¢ Datain SR
CMS-PAS-HIG-16-002

hh—bbbb
resonant
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-011/index.html
http://arxiv.org/abs/1603.06896

Di-Higgs searches: bbtr

hh—Dbbtt studies for resonant and non-resonant case
bb + et / ut, / 11,
80 <m,,, m_ [GeV] <160
No excess observed
For A=A, limit 6(hh)<8.8 pb (<7.2 pb exp.), 95% CL
200 times the SM cross section 2.7 1o (13 TeV)

— 10°e | _ ‘ 2.7 fo (13 TeIV) S 102 LCMS bb 1, s Data
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-013/index.html
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H—invisible

Models: e.g. SUSY with R-parity; large extra dimensions (graviscalar)
VBF ggH—qg+inv: Main bkg Z—vv, W—lv. BR(H—inv)<69% (2015)
ZH—l1l+Inv: Main bkg ZZ—llvv, WW—lvlv. BR(H—Inv)<81% (run 1)
2.3 fo™ (13 TeV)

[2) T ] ' |
CICJ | -e-data VVV CMS
Lﬁ 20 [ Z+jetsly WW-+top-quark Preliminary ]
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15:— . Vv
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-009/index.html

H—invisible combination

Channels: VBF, VH, ggF
Run 1 + Run 2 results

BR(H—inv)<32% (exp. 26%)

0.8
0.6
0.4

0.2
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0-2.3fb (13 TeV) + 18.9-19.7 fb™ (8 TeV) + 0-4.9 fo' (7 TeV)

95% CL limits CMS

Observed limit Ny
served fimi Preliminary

------ Expected limit

| Expected limit (10)
Expected limit (2c)

CMS-PAS-HIG-16-009

|IIIIIII|I|IIII||IIIIII|III|III

Combined VBF-tagged VH-tagged ggH-tagged


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-009/index.html

LFV Higgs boson decays

Unobservable in the SM (tiny effect from neutrino sector)
Possible in BSM via particles with LFV couplings in loops
CMS studies:
H—ep: severely constrained by p—ey. Fit to m(ep).

H—etr | Weak constraints from t—py/ey, e/u dipole moments.
H—pt | Discriminant: collinear mass m(et), m(ur)

19.7 o' (8 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-040/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-005/index.html

LFV Higgs boson decays: results
| [uimitoby [Limiteexp) |Bestfit | ide: 95% C.L.
slide: 95% C.L.

H—ep <0.04% <0.05 -
H—er <0.7% <0.8% -0.1%=0.4%
Hopt (8TeV) | <1.5% <0.8% +0.8%=0.4% | <— ATLAS:
Hopr (13Tev) | <12% <16% | -08%%08% | O-r0EO
Small excess (2c) inrun 1 (ur)
Deficit in run 2, results compatible : 2310 (13 oV

No indication of H—ep/et decays

Pre-LHC limits on H—prt/et
Improved by factor 5

Coupling Pre-LHC limit CMS limit

Hoep |/[Y.el? + [Ye,?| 3.6 - 106 5.4-104
Hoer [V/[Ye-? +[Yzel?| 0.014 0.0024
Hopr |VIY.- > + Y24/ 0.016 0.0032 WL .
Pl 100 102 10 1
| . Y
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-005/index.html

Conclusions

Strong program of BSM Higgs physics at CMS
...but results agree with SM expectation

Searches for additional heavy Higgs bosons enter uncharted
territory at Vs=13-14 TeV

Discovery or much improved constraints expected this year

Several measurements require more data to ultimately probe the SM
Di-Higgs production (self-coupling measurement)
h(125) couplings

M. Flechl, 2016/07/05: Non-MSSM Higgs 18



Conclusions

Strong program of BSM Higgs physics at CMS
...but results agree with SM expectation

Searches for additional heavy Higgs bosons enter uncharted
territory at Vs=13-14 TeV

Discovery or much improved constraints expected this year

Several measurements require more data to ultimately probe the SM

Di-Higgs production (self-coupling measurement)
h(125) couplings

The mass of
which Higgs
Stay tuned for Run 2 results!  poson did Prof.

Homer predict?

my=775 GeV,
FOX Rev. Lett.
(1998)
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Backup slides
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llvw 2ZHDM Interpretation
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a decays
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a decays
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a decays
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a decays
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Double Higgs production
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Di-Higgs BR

| BR(HH— XXYY) i

10°®

ML Zy YY ZZ c¢ Tt gg WW bb

BR(H— XX)
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HH->bb bb exclusion
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2.3fb' (13 TeV)

N CMS -------- Expected Upper Limit
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HH->bb Tt exclusion
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HH->bb pup exclusion
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o) 0.0025
_g_ " B Expected + 26 CMS
% [ Expected * 1o Preliminary
cU: 0'002__ —e— Observed
(',F L
: -
& 0.0015
0.001

0.0005

|_ L 1 1 1 | | | I | I | I L 11 1 I | | I | | I 111 | [ 1
& 30 35 40 45 50 55 60
m, (GeV)

M. Flechl, 2016/07/05: Non-MSSM Higgs 30



