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Outline

« 125 GeV Higgs boson
« SM Higgs rare decay
» H—pp, ee
- H=Z/y v
- H=J/ypy, Yy, Oy
« BSM decays:
 Lepton flavour violating decays
- H— invisible
- H—aa
« Heavy Higgs boson fermion decays
- H—tt
+
- H —tb
. Hjbb
« H —1v
« H—1t
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Higgs production and decay
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M, [GeV]

mpy = 125.09 + 0.21(stat.) £ 0.11(syst.)GeV

q W, Z

W, Z bremsstrahlung

Decay mode Branching fraction [%]

H — bb 575 +1.9
H— WW 21.6 +0.9
Rare decays: H — gg 8.56 + 0.86
H— H— 11 6.30 + 0.36
ML, ee H — cc 2.90 +0.35
HQZ/Y* Y H— 77 267 +0.11
H — vy 0.228 +0.011
H%J/pr, Yy H-—Z 0.155 + 0.014
WW, ZZ fusion ¥ : _
H—oy H— up 0.022 =+ 0.001
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Why Higgs rare decay?

| __ DOL: 10.1007/JHEP08(2016)045
e ' €> 1 ATLASandcMs @0 A
Fully gxplore H1gg§ boson ;TS an
 Higgs production: :
- Cross section M
- production modes: gg, VBF, V/ttH, tHq/W

. Higgs decays: R

} —

(@)

lJ'|> 10"5—
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¢ ATLAS+CMS

b MaSS 10_3__ ....... SM H|ggs boson _:
° lin : — [M, g] fit
Co.up &S [ 68% CL
- Width [ ]95%CL
10%E 8 S
° Spln/ CP 107 1 10 10?

Particle mass [GeV]

- Higgs rare decays: New Physics!
- Poorly constrained
« Coupling < 0(10_3)
- Big impact on existing couplings
« Current limit @ 95% CL: * Sensitive to BSM:
B(H—BSM)<0.34 « Yukawa couplings

e Consistent with SM,
room for BSM

« Rare decay not observed yet


http://dx.doi.org/10.1007/JHEP08(2016)045
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SM H—-pup ste] X ATLAS

ATLAS-CONF 2016 041

« The most recent result is from ATLAS

experiment measurement of §E  amsreee
- Small but clear signal muon Higgs 1oe |
- Signal modeling Yukawa coupling | =F
VBF categorised by MVA classifier o
ggF categorised (6) by pr(H) and |n,| g
Shape parametrised by a Crystal-Ball + P
Gaussian S

- Dominated by Z/y*—puu

T
ATLAS Preliminary

(continuum) background R L T B B
3 350§ o ,;
« Shape and normalisation 5 oo o E
derived by fitting to the di- A Becigound mosl 3
muon mass spectra: 150"

100

Brelt-W}éner &® Gaussian(Z- wof
peak)+e /X (continuum)

P I N N N N B R B
9] E 3
= E ++;:
S 1sE e -
5 ke P e o T aoetty +.

e o

-

0 20 40 60 80 100 120 140 160 180 200
P (GeV]

. ;
im i g W ++++**
;

Pull
[
—‘»mon\)bo
TTETTT

10 115 120 125 130 135 140 145 150 155 160
m,, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-041/
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H—pp cross section limit / SM
(signal strength)
o ATLAS Run2, mu= 125.09 GeV

* U< 4.4 (obs.), < 5.5 (exp.)
o« ATLAS Runi+Run2,
mu= 125.09 GeV
* u<3.5(obs.), < 4.3 (exp.)

95% CL upper limit on 6/, (H— uw)

« CMS Runi:
« mu= 125 GeV, 95% CL upper limits:

< 7.4 (6.5) obs (exp)
« B(H—pu) < 0.0016 assuming osm

 0.80 global significance

Hop'w 19.7 o™ (8 TeV) + 5.0 o' (7 TeV)
L L L B B BB S B AL m
[ —e— Observed limit CMS
50 [ oeeeee Median expected limit _:
E - +10 expected limit E
b :_ +2 o expected limit _:
of :
[ Phys. Lett. B744 ]
2~ (2015) 184-207 1
k
o:- | PP I RS | .:
120 130 140 150
m, [GeV]
CMS H—ee obs limits:
« 0(H)xB<0.041 pb
 B<0.0019
(~3.7x 105 SM B)

95% CL upper limit on oB( H — e ‘) [pb]
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« CMS Runi: H—ee
« Extremely rare

Hoe'e 19.7 b (8 TeV)
R LA e et e e B e B
- CMS —e— Observed limit
e Median expected limit ]
- - +10 expected limit _'
r +2 ¢ expected limit 1
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mH[GeVIG


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-041/
http://www.sciencedirect.com/science/article/pii/S0370269315002117
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SM H_’Z/Y* v 7,8 TeV Eel!ﬂﬁ‘é

2 lepton and 1 photon in the final state: relatively clean events!
« Small expected yield: categorisation to enhance the sensitivity

o ATLAS Zy Phys. Lett. B 732C(2014), 8-27:
e mj > mz - 10 GeV,

115 < myy < 170 GeV v ‘
« categorisation (10 cat.): pp centre- a

of-mass energy (7 or 8 TeV), lepton

flavour, Anzy , prt’ ( > or < 30 GeV) W ’

r Z Z
H----=- f H--=o-e
o CMS Phys. Lett. B 726(2013) 587-609: ! / y

* my > 50 GeV, 100 < miy < 190 GeV

e myy + my > 185 GeV

* 10 categories: lepton flavour, lepton
1, photon n, shower shape Rq

" higgs boson pr component orthogonal to the Zy thrust axis in the transverse plane -


http://www.sciencedirect.com/science/article/pii/S0370269314001713
http://www.sciencedirect.com/science/article/pii/S0370269313007880
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SM H— 2y

7, 8 TeV

Events/GeV

(H—Zy)

SM

95% CL limit on o(H—Zy)/o

Phys. Lett. B 732C(2014), 8-27

ATLAS

—e— Data
H—Zy (m =125 GeV, o, %50) 3
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Phys. Lett. B 726(2013) 587-609

CMS |(s=7TeV,L=5fb"{s=8TeV,L=19.6fb"

""’“:__ ~e- Data H-ZY
1400 - — Background Model
r — Signal m = 125 GeV x 75
> 1200~
No significant excess & i
over background 2 s
. o [ o
predictions has been & «f
observed by both A
experiments i
?()() 110 liﬂ 130 l-'il) I.S‘() 160 17‘() l!;,U 190
m,;, (GeV)
ATLAS: 10 SMS, B=7TeV,L=501" [s=8ToV,L=1061"
3 35 E» H-2y =
. U< 110(obs), 9 (exp) g = e 5
@ 95/0 CL fOI‘ 2 302— §==8 Expected + 16 _:
my = 125.5 GeV £ = --e- Expected 20
o
CMS limits (125GeV):
« 0/0sm < 9.5 (obs),
10 (eXp) >0 . - § STV VUV W VY W W
120 125 130 135 140 145 150 155 160

my (GeV)
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http://www.sciencedirect.com/science/article/pii/S0370269314001713
http://www.sciencedirect.com/science/article/pii/S0370269313007880
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SM H_>Y*Y 8 TeV

19.7 o' (8 TeV)
Tt

> Fous' AT 5 . _
i * Data 7 CMS performed the search using low di-lepton mass
Q : Background model : o e .

S 50 e Wit - « very similar to the H—Zy analysis

g 40 [ 110x SMH—>'{"{—>|.1;1'(’ e My < 20 GeV

w

30F

20}

Pio T 1 o me i o  Lhys. Lett. B 753 (2016) 341
m,,, (GeV)

19.7 o' (8 TeV)

:
1 No significant excess above SM prediction:
f j « o/osm(125 GeV) < 6.7 (obs), 5.9 (exp)
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19.7 b (8 TeV)

12— T - A B LN S O RN B
> | cms P e ] & 40 cms [— Observed _j
g 10F Background model - © 35F - =5 Decid E
o f 10 +2a ] S E st A [ Expected + 1o j
8 t B % 1 s 30 (uuyandeey) [ Expected + 2¢
s 8¢ [ 500x SM H—(JM)y — ppy ] € F ‘
g | ' ] i 3
8 , o 20F *
N =
3 3
=2 ' '
T 111 ]
L Y .
L s [P = - BV S IPTPUP PP | SN = 3

......

910 115 120 125 130 135 140 145 150 020 125 130 135 140 145 150
My, (GeV) m,, (GeV) 9



http://www.sciencedirect.com/science/article/pii/S0370269315009879?np=y

H—}J/lpv 8 TeV EXPERIMENT
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4 =
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« inclusive QCD background
modelled by data-driven template

fitting

« 2 muons and 1 photon A®(up,y) >0.5

« 4 categories: nu and photon

reconstruction classification

o | m(up) -m@J/y) | < 0.2 GeV

« Simultaneous unbinned maximum
likelihood fit on my,y and pryuuy

« B(H—J/ypy) <1.5x103

1 G.T. Godwin et al. http://dx.doi.org/10.1103/PhysRevD.90.113010

10


http://dx.doi.org/10.1103/PhysRevD.90.113010
http://www.sciencedirect.com/science/article/pii/S0370269315009879?np=y
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.121801

H_’Y(nS)Y and H—VCDY 8,13 TeV Eer]e-r!ﬂﬁé

95% CL upper limit on Branching Fraction

H—Y(nS)y: Explore H—bb coupling

H—®y : Explore H—ss coupling

« reconstructed: ®—K*K-

e Simultaneous unbinned maximum

likelihood fit on myy, pTHHY, myy

« B(H—=Y(nS)y)<1-2103

e Limit ~ 107SM

Phys. Rev. Lett.

114 (2015) 121801

Events / 4 GeV

80
70

F o
SN &
Y rd

ATLAS Vs=8TeV

HIZ - Qy
107 ° erv E
= Expected (+1,20)

Observed

e inclusive QCD and y+jets
background by data driven
method

e unbinned maximum likelihood

ATLAS fit to IMK+K-y

s=8 TeV [Ldt=20.3 b’
+ Data Phys. Rev. Lett. 117, 111802

— S+B Fit

g== Combinatoric [rrrrrrTT T T T T T e T T e T ]
= 205 .
[ H[B=10 ] r Vs=13TeV, 2.7 b .
CZ([B=107] 100 ¢ Daa -
r —— Background Fit 1o ]
> o [ Background 4
8 60 [ H=on=10” ]
w N [ sz—on-10° B
g GO_— =
[
> ~ —
w L ]
40— -
80 120 160 200 20— -
m,,, [GeV] - ]
E .2
& 15E
T 1F
o expected from SM: &
p 0 100 150 200 250 300

_6 rnK‘K*{ [Gev]

B(H—®y) = (2.3+0.1) X 10
« B(H—®y)<1.4x103 @ 95%CL
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.121801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.111802
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LFV Higgs decays

SM values

 The flavour sector can be a probe to investigate new physics. ( m Y \

« BSM models (double Higgs models or extra dimensions) ee L et
allow LFV decay of the boson. Y= Y { } Y

« No direct limits before LHC analyses: nwe( U~ BT

« indirect limits allow room to see BSM coupling with \ Yre YTu Y Tt )
ATLAS and CMS searches | ‘

« R. Harking et al, doi:10.1007/JHEP03(2013)026 reinterpreted
ATLAS H—1t search at 8 TeV: B(H—put/et) < O(10%)

Y.
Y

e v
N

4
Q
n

1Y 7l

TEV PR INT: N

660

10-610-510"410"310"210-1 10° 10!
[Yeul



http://link.springer.com/article/10.1007/JHEP03(2013)026

LFV Higgs decays

8,13 TeV

Similar strategy for H—e-1, H—p-1 channels
CMS: Phys. Lett. B 749 (2015) 337, arXiv:1607.03561

2 channels (1, ™), 3 categories (0, 1, 2 jets)

« log-likelihood fit to the 1-t collinear mass distribution

« H—ep investigated as well. Targeting a very small B. |
10 categories, fit to the invariant mass distribution

ATLAS: JHEP 1511 (2015) 211, arXiv:1604.07730

e I-th, 2 categories (Mr), fit to the MMC (missing mass

calculation) distribution

« I-1;, 2 categories (no jets, jets), fit to the collinear mass

distribution

o x Br[pb]/0.7

full statistics of 8 TeV dataset: 19.7 fb* (CMS), 20.3 fb* (ATLAS)

R R W W WS RN PN R R S
20 40 60 80 100 120 140 160 180 20f
wp, [GeV]

CMS simulation preliminary (s =8 TeV.
T T T T T T

nt,
— h=t*r
—h—=1tpn

TR TRRTINN o L L 1l
0.5 1 15 2 25 3

Ad(exv)

« CMS updated the search using 2015 dataset (2.3 fb*): CMS-PAS-HIG-16-005

N
)

Fraction of Events
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o

4
3

=

0

oA
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ATLAS Simulation, H(125) — et
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ATLAS, (s=8TeV [Ldt=2031fb" .
X
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http://www.sciencedirect.com/science/article/pii/S0370269315005638
https://arxiv.org/abs/1607.03561
http://dx.doi.org/10.1007/JHEP11(2015)211
https://arxiv.org/abs/1604.07730
https://cds.cern.ch/record/2159682?ln=it
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LFV decays: CMS limits

incOjet
0.625 - 10° (exp.)
0.417 - 10° (obs.)

incljet
0.941-10° (exp.)
0.659 - 10 (obs.)

inc2jet
3.016 - 107 (exp.)
3.597 - 10° (obs.)

VBF
1.878 - 107 (exp.)
3.470 - 10° (obs.)

all
0.480 - 10° (exp.)
0.358 - 10 (obs.)

X

CMS Preliminary 19.7 b (8 TeV)
IIM\\\:\\\\‘\\\\‘\\\\ HH‘HH‘HH‘HH‘HH
e Observed
o
X Expected

[T Expected = 1o |
[ ]Expected = 20

«

H—ep

bt b b b b b b bie

-1 0

2 3 4 5 6 7 8

95% CL limit on B(H—eu), 10®

et,, 0 Jets
1.63% (exp.)
1.82% (obs.)
er,, 1 Jet
1.54% (exp.)
0.94% (obs.)
er,, 2 Jets
1.59% (exp.)
1.49% (obs.)
er,, 0 Jets
2.71% (exp.)
3.92% (obs.)
er,, 1 Jet
2.76% (exp.)
3.00% (obs.)
er,, 2 Jets
3.55% (exp.)
2.88% (obs.)
H—et
0.75% (exp.)
0.69% (obs.)

CMSPreiiminary 19.7 b (8 TeV)
L L B o e o
2 * Observed

X Expected
o X
I:I Expected + 1o |
% |:| Expected = 20
X e
>
o X
. H—et
e b b b b b b 1
0 2 4 6 8 10 12 14

95% CL limit on B(H—et), %

B(H—ep) < 0.036% (obs), 0.048% (exp)

B(H—eT) < 0.69 % (0bs), 0.70% (exp)

B(H—ut) < 1.52 % (0obs), 0.75% (exp)
 small deviation per categories

13 TeV: B(H—u1) < 1.20 % (obs), 1.65% (exp)

 NOo excess, but not sensitive enough to

exclude 8 TeV result

ut_, 0 Jets
had
4.17% (exp.)
4.24% (obs.)
pIhad’ 1 Jet
4.89% (exp.)
6.35% (obs.)
wT o 2 Jets
6.41% (exp.)
7.71% (obs.)
ut,, 0 Jets
2.24% (exp.)
1.33% (obs.)
uT, 1 Jet
4.36% (exp.)
3.04% (obs.)
ur,, 2 Jets
7.31% (exp.)
8.99% (obs.)
H—=ut
1.62% (exp.)
1.20% (obs.)

8,13 TeV

19.7 fb”, \s = 8 TeV

CMS preliminary
we L Odets[ T T T o
had’
2.35% (exp.) X e
2.94% (obs.) X Expected
ut 1 Jet
had E ted = 1
2.10% (exp.) L D Hpectedz=To
2.11% (obs.) | l:lExpectedz 20
ut 2 Jets
had’
1.95% (exp.) X e
3.29% (obs.)
ure,OJets
1.32% (exp.) X o
2.04% (obs.)
ut, 1 Jet
e

1.66% (exp.) X o
2.38% (obs.)

® Observed

T, 2 Jets
3.77% (exp.) .
3.84% (obs.)

ho—;;z (exp.) X o H —> HT

1.57% (obs.)

0 2 4 6 8 10
95% CL Limit on Br(h—ut), %

CMS Preiiminary 23" (13 TeV)

b1
® Observed

= X Expected
X o l:l = 1 std deviation
l:l = 2 std deviation

= o 8 TeV [Phys. Lett. B 749 (2015) 337]:—

Observed

. x He“f[
o 13 TeV

H

0 5 10 15 20 25 14
95% CL Limit on Br(H—ur), %
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LFV decays: ATLAS limits ATLAS

H—et H—ut 8 TeV

T l T T T | T T T I T T T I LI T I T T T l T T T I LI T T I T T T I T T T I T T T I T T T | T 1 T | T T T I T T T
A TLAS #5558 Expected + 1o A TLAS #5858 Expected * 1o

[ 1s=8TeV [Lat-20310" nprnrndil | Vs=8Tev [Ldt=2031" et T

Y Excluded N Excluded

N\ et,., SR N ut_, SR
N s B B\ e |
i B et Comb | i BN ur_, Comb |

1 3 i P N iy Pl

i i P | N W P

- et,,, Comb - HT Comb
et, Comb ; N\ ut, Comb
1 1 !l 11 1 l | l L1 1 l 11 | l | - l 11 1 1 l l&l 1 1 1 l 11 1 l L1 1 I 11 1 l L1 1 l 11 1
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
95% CL upper limit on Br(H — et), % 95% CL upper limit on Br(H — ut), %

« B(H—eT1) < 1.04 % (0bs), 1.21% (exp)
« B(H—u1) < 1.43 % (0obs), 1.01% (exp)
« small 10 excess driven by H—put

15
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ATLAS
LFV decays: results
Branching ratios:
Channel | Experiment | 95% CL obs (exp) limits | Best Fit
H— pe | CMS 8 TeV 0.036% (0.048%) -
H— er | ATLAS 8 TeV 1.04% (1.21%) -
H— er | CMS 8 TeV 0.69% (0.75%)
H— ur | ATLAS 8 TeV 1.43% (1.01%) 0. 53*8 o1 %
H— pr | CMS 8 TeV 1.51% (0.75%) 0.841039%
H— ur | CMS 13 TeV 1.20% (1.62%) 0.7610 5%
95% CL limits on Higgs Yukawa coupling
Channel Coupling pre-LHC CMS Atlas
H— pe | /|Yuel? + |Yeul? | 3.6-107° | 5.4-1074 -
H— pr | /1Y 2+ [Y-u? | 0.016 0.0036 | 0.0035 limits
Hoer | /[Yor2+ [Yre]2 | 0.014 0.0024 | 0.0029 improved by
1 order of

magnitude

16



« SM rare process

B(H—=Z'Z—4v) < 0.1 %

e It can have many

contribution from BSM

models

 low background

ATLAS CONF 2016 OR6

[ = Observed
E auens Expected Median
I [0 Expected + 10
| E)I(pecied t|2 o

1 1 1 1 L 1 1

ATLAS Prellmlnary
{s=13TeV, 133 b

llllll+

searches performed using ZH:
 low production cross-section

02 04 06 08 1 12 14
GZHxBF(H—an.)IGSM

2 leptons having my = myz
CMS: 2.3 fb' at 13 TeV

* no significant excess observed

« 0(ZH)B(H—inv.)<1.1 (1.1) pb obs. (exp.)
ATLAS: 13.3 fb* at 13 TeV

« no significant excess observed

« B(H—inv.)<0.98 (obs), 0.65 (exp.)

\S) w

'y
T

Gqq -, 21 X B(H = invisible) (pb)

23fb (13 TeV)

AR R L L LR R RN R EE RN R EE R

— Observed CMS Prellmlnary

--- Median expected ZH — 21+E™S5,0/1 -jets“

I Expected + 1o T )

B Expected + 26 ]
— oM

CMS-PAS-HIG-16-008 |

A rn P

1 50 200 250 300 350 400 450 500 550 600
Higgs boson mass (GeV)


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-008/index.html
http://cds.cern.ch/record/2206138

H—invisible: VBF H |75 YATLAS

« Larger cross section than ZH and larger background (Z—vv, W+jets, QCD)
« VBF: 2 jets with large Anj; and mj; 231" (13 TeV)

o

Expected limit (20)
%% Oygr (SM)

. - g F 95% CL limits
« CMS: 2.3 fb at 13 TeV s Srg,‘l_’?mary Observed limit
* no excess observed Do it ()
@ [ o JsMH
°

« B(H—inv) < 0.69 (obs), 0.62 (exp)

« Combination with ZH and 8 TeV analysis:
« B(H—inv) < 0.32 (obs), 0.26 (exp)

« ATLAS: 20.3 fb' at 8 TeV

« no excess observed

’ B(He.inv). < O'%8 (obs), 0.31 (exp) e CMS combination qqH+ISR

. Comblnatl.on with other production channels: and VH (RunI and RunIl):
« B(H—inv) < 0.25 (obs), 0.27 (exp)

CMS-PAS-HIG-16-009
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http://link.springer.com/article/10.1007/JHEP01(2016)172
https://cds.cern.ch/record/2142460
https://cds.cern.ch/record/2201136

8,13 TeV

ATLAS

EXPERIMENT

« ATLAS performed the search using

3.2 fb! of data at 13 TeV:
« H—aa—bbbb
* Ma=20-60 GeV
« production channel WH:

« 1 lepton from W, MET, b-jets
« 8 categories (3SR, 5 CR):

# jets, # b-jets
Upper limit:

o(WH)xB < 6.2 pb ma = 20 GeV

o(WH)xB < 1.5 pb for ma = 60 GeV

arXiv:1606.08391

ATLAS (s=13TeV,3.2fb"

20 B —— Observed 95% CLs
5555 Expected 95% CLs = 1o

------- Expected 95% CLs = 20
Og(WH)

95% C.L. upper limits on o(WH)xBR [pb!

« CMS looked for lighter bosons using
8 TeV data. Most recent results:

e« H—aa—t111
« H—aa—pppp

19.7 o' (8 TeV)

20 T

18 CMS

16 —e— Observed

14 s, Expected 1

12 [ <10 Expected |
+20 Expected -

Upper 95% CL limit on (oB)sig (pb)
=

7 8
m, (GeV)

H—aa—pupup
Phys. Lett. B 752
(2016), 146-168

H—aa—1111

JHEP 01 (2016) 079

o(pp - h - 2a, )’Bz(a1—> 2 ) [fb]

20.7 fb™' (8 TeV)
MV BIVAUMVAE BN RS Ra s an s )
| NMSSM 95% CL upper limits:
[ % m,=355GeV ‘
[ -e- my,=2GeV g ]
b —e- m,=0.25GeV 1
I Reference model: CMS

'
[ — o(pp-h—aa,) =0.008x0,, J
Bla2) =7.7% ' R

Com, <my = 125 GeV 5125 GeV = m, S mh;

PP I EPEPEPITS IPSPEPATE BT T ArArararel i

N P
90 100 110 120 130 140 150
mass of h, [GeV]
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https://arxiv.org/abs/1606.08391
http://link.springer.com/article/10.1007%2FJHEP01%282016%29079
http://dx.doi.org/10.1016/j.physletb.2015.10.067

UNIVERSITY OF

E!a NOTRE DAME

Heavy Higgs Boson

- Observed 125 GeV Higgs boson is very consistent with the SM

- Search for a heavier Higgs-like particle
« Most used in the model dependent searches: in 2HDM, h or H (CP-even,
- 2-Higgs-Doublet Model (2HDM) | neutral) could be the 125 GeV

- physical particles: h, H, A, H _—— Higgs boson

« parameters: - :
- masses: m;, My, m,, My, « Higgs —fermions:
- VEV ratio of the two doublets: tanf3 « H*—tb
. Mixing angle between h, H: a i « H"—cb
- potential mixing of the two doublets: m_, e Hr—1v
- Different way of doublet - particle coupling: e H—11
Model Up-type Quarks | Down-type Quarks | Charged Leptons
Type-I CI)Z (I)z Cbz
Type-II w_ ) D, D,
Lepton-specific(Type=X) D, D, D,
Flipped(Type-Y) |~ @ D, D,

20



ATLAS

EXPERIMENT

« the top quark mass close to EWK symmetry

breaking scale

« t-H Yukawa coupling ~ 1
« BSM models predicts large B(H—tt)

tt/bb H with H—tt at 13 TeV

gg—H—tt search at 8 TeV

-h
o

o(pp — fiH) x BR(H — tf) [pb]

ve

IIIIHTI T

« 2 masses: 500 and 750 GeV
« interference gg—H—tt and tt taken into account! 1o

10°E
F 1s=8TeV,[Lot=203 10"

ATLAS Preliminary
N —_ gg—H-tt, m, =500 GeV
E  sin(B-a)=1, Type Il 2HDM

—&— Observed

=== Exp. 95% CL upper limit

E -Ezp.fhuncenalnty
DE:p.:zﬁunoenamty
102 PN IS P IS NI AT IS WA e WA i
0 1 2 3 4 5 6 7 8 9
tanp

investigated the pseudo
scalar hypothesis too

—y
(]
N

T ] T T T T I T T T T [ T T T T I T T T T I T
—— 95% CL observed limit

------- 95% CL expected limit

[ 95% CL expected limit +1o
95% CL expected limit +2¢

Type-| or Type-Il 2HDM, cos(B-ct)=0

—tanp=0.1 tanp=0.3 —tanp=0.5

—_

102
£ ATLAS Preliminary
C{s=13TeV, 13.2fb"
Y B B PR R R R
400 500 600 700 800 900 1000
my, [GeV]

ATLAS-CONF-2016-073

= 10°E
F 1s=8TeV,[Ldt=2031b"  ATLAS Preliminary
2; gg-H-tt, m = 750 GeV
0 ; sin(B-a)=1, Type Il 2HDM
e
2 —e— Observed
=== Exp. 95% CL upper limit
5_ - Exp. + 1o uncertainty
[ Exp. + 20 uncentainty
] T PRI BRI EFSPITIN EPRFR BRI S PRI A
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

ATLAS-CONF-2016-104

lower obs (exp) limits

e tan 3 < 0.17 (0.23)
for mug = 400 GeV

e tan } < 0.11 (0.15)
for mpy =1 TeV

tanp
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-104/
http://cds.cern.ch/record/2206229/files/ATLAS-CONF-2016-073.pdf

ATLAS

13 TeV EXPERIMENT

ATLAS explored gb — tH+

o H*—tb and (both) t—=Wb

13.2 fb' at 13 TeV

> 5 jets: 2 from one W and > 3 b-jets

1 high pr lepton (e or p) from the other W
8 categories: # of jet, # of b-jets
simultaneous binned maximum likelihood

fit in the 8 categories (4SR, 4CR)
« each mass hypothesis tested separately

o(pp — TbH') x BR(H® — 1B) [pb]

_.
<

-
2

10

-i
T T AT

o(pp—tbH")xBR(H'—tb) [pb]

2l
£ ATLAS Preliminary

FVs=13TeV, 13.2fb"

— 95% CL observed limit
------- 95% CL expected limit
P 95% CL expected limit +ic
95% CL expected limit +2¢
Type-Il 2HDM, cos(B-)=0
— tanf=0.1
— tanp=0.5

tanf=0.3
— tanB=1

my, [GeV]

7 ATLAS-
| CONF-2016-104
| lower obs (exp) limits

e tan § < 0.65 (0.55)
for my = 200 GeV
e tan 3 < 0.15 (0.25)

for myg =1 TeV
<

Bl Lo Lo Lo Lo o by o Loaa o IS Ly gy 1 ] 1
10200 400 600 800 1000 1200 1400 1600 1800 2000 anaIYSIS Optlmlsed

for H—tt

\ 4

tanp

10

'

T T lllllll

T T |III|I]

Ll

LI L L L L L L L (L B

ATLAS Preliminary _|
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i ATLAS Preliminary
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http://cds.cern.ch/record/2206809/files/ATLAS-CONF-2016-089.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-104/
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H_’bb 13 TeV

2.69 fo' (2015)

2 X — bb, 95% CL upper limits
« mass range = 550 - 1200 GeV S L CMS g i, w0
-1 o) E 4 —e— Observed (spin-0)
o 2.69 fb at 13 TeV Expected (spin-0)
. . T - B +1 std. deviation (spin-0)
« 2 energetic b-jets 2 | 225 devitn 55
. L —=— Observed (spin-
- veto on pairs of muons or electron R Expected (spin-2)
© 10

- inverted to select contro region
binned max likelihood fit to the mys distribution

2.69 b (2015) 2.69 b (2015) 1
%J L CMS Spin-0, m =650 GeV > | CMS Spin-0, m =1100 GeV 3
(O] Prelimi D X (0] L Prelimi D X v v by s byvwa by a oy Ly livaa14Ix10
© reliminary ¢ Dala © reliminary $ Data 06 07 08 09 1 11 12
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210 e e Bkg. + signal L% ey e Bkg. + signal
§ r Signal, 6=100 pb § s Signal, 6=15 pb
w L w L
10°
10° -
AL PPN TP TP TP, IPIPI IS PPN L1, L 1 1 1 1
o 4 S 4
£l i
a2 OF @ |2
s [° 2F s [° 2f .
fa E x al Lk x10
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H:— TV

ATLAS

EXPERIMENT

13 TeV

« H*—1v can be significant for high tanf3

« ATLAS considers pp—tbH*
for masses larger than m;

| SRR B B BLALELA BN LN B B
y ATLAS Preliminary
\s=13TeV, 14.7 b’
—— Observed (CLs)
------- Expected (CLs)
mmtio

20
------- H* hMSSM tanB=60

TTT)
111

LELEERLLY |
R

LELERLLY |

107

il

102

il

o(pp — [b]tH*) x BR(H* — 1 v) [pb]

LSRR

—_
o

95% CL limit on 6,,xB,,_,., (pb)
3 3
- >

« CMS considers 2 production mode:
« pp—tbH* or pp—H*W=*bb for
masses larger or smaller than m;

CMS preliminary 129 b (13 Tev) 0.07 CMS Preliminary 12.91b" (13 TeV)
A S : ? I 7.,”]“.,,r”‘.,_.'.’.r,b]'r;'.;,;\:(w....T”,.A
T, +jets final state ] 4 " 7, +jets final state ]
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[ o . ]
S 0.04 E
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; £ 3
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+ o\o ]

- pp—H*W=bb &
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-031/index.html
http://cds.cern.ch/record/2206282/files/ATLAS-CONF-2016-088.pdf
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H/A _’TT 13 TeV @&I!ﬂﬁé

« CMS: 2.3 fb* from 2015 data o ATLAS: 13.3 fb* at 13 TeV

* 4 channels: TeTh, TuTh, TeTy, ThTh 2 channels: TiepTh, ThTh
2 categories: 0 b-jet, > 1 b-jet 2 categories: 0 b-jet, > 1 b-jet
o CMS-PAS-HIG-16-006 o« ATLAS-CONF-2016-085
O ey E%jpgtd %% E S 5«» also limits
o Dizeeeeed | CMS also produced 5 1B from associate

1 limits from associate b
production and
- hMSSM scenario

A N i b production
A .. . and MSSM
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https://cds.cern.ch/record/2160252/files/HIG-16-006-pas.pdf
http://cds.cern.ch/record/2206278
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Summary

- many searches for Higgs rare decays
« SM rare decay not yet observed
* H—up, ee
- H=Z/y vy
- H=J/py, Yy, ®y
- BSM (Exotic) Higgs decays:
« LFV decays of the Higgs has not been observed yet.

- small fluctuation in H—pt from 8TeV data not confirmed/excluded from
13TeV data. More statistics is needed

« No evidence for invisible Higgs decays: B<25%
« Heavy Higgs boson fermion decays:
- nq excess agbove the SM expectation has been found searching for H—tt, H—bb,
H —tb,H —»1v, H—>11
- Upper limits on 0 x B have been set

- results have been interpreted in MSSM benchmark scenarios. New (13 TeV) limits
surpassed those set during RunlI for intermediate and high masses
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H— up ATLAS

EXPERIMENT
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Phys. Lett. B 201

CMS has performed the search of the decay to
electron pairs using Run1 data.
« Extremely rare: branching ratio orders of
magnitude less than H—pp
« Similar sensitivity in term of cross-section
times branching ratio

« CMS observed upper limit on oc(H)xB(H—ee):
« o(H)xB(H—ee) < 0.041 pb

¢ CMS upper limit on branching ratio:
 B< 0.0019 (~3.7x 105 SM B)

1
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http://www.sciencedirect.com/science/article/pii/S0370269315002117
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H—invisible + vy

8 TeV

Phys. Lett. B 753 (2016) 363

« goH and ZH production channels
. CMs 741" (8 TeV)
« ggH: 2 analysis strategy s QT T T G BB
= N - QObserved
« model dependent (SUSY) = S e b R, ]
. . . H-% G-yGG
- model independent: 0 and 1 jets | "8 Toeene TEE
« ZH: 2 lepton with opposite charge, :
same flavour, and mass of Z
o Signal topology: Z(11)+ Er™iss 10
 No excess observed
okl o b o b b
150 200 250 _ 300 350 _ 400
Higgs boson mass [GeV]
CMs 19.4 b (8 TeV)
CMS 19.4 b (8 TeV) CMS 19.4 fb' (8 TeV) _ [rrrrrTTT L L S L B B
5) i ;’ODSLN;G' o o (1; ! —' (;bscwedl o ] g [ == Observed
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m SpeuladE 1o e ¢ I @ Sensieta S ] Expected + 1o H-%,8-y88 1
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http://www.sciencedirect.com/science/article/pii/S037026931500965X

New resonance — Zy ATLAS

o ATLAS searched for new resonance with a mass ATLAS-CONF-2016-044
e 250 GeV < mx < 2.4 TeV

« 13.3fb*at 13 TeV g T T ] |
3-3 3 = | ATLAS Preliminary — Observed
o Zeee, LLLL ?J 10°E pp—=X—Zy, Z—e'e, W Expected
X [ (s=13Tev,133f" [=1o
5 [ [J=20
« No excess observed X 102k i
« largest deviation from background only: .
e 2.2 0 at mx=268 GeV E -
o 10 E
. [ O : .
« Dominated by stat uncertainty £
o . . o (o)}
« Main contribution to the syst. uncertainty: 1 R -
: : 1 1 2x10°  3x1
« electron and photon resolution, spurious 10 ° ™ [GeV]
X

signal , luminosity uncertainty

e Observed limit on cross section:
 from 215 fb for mx=270GeV to 5 fb for mx=2.4 TeV

» Expected limit:
 from 103 fb for mx=270 GeV to 5 fb for mx=2.4 TeV

03
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http://cds.cern.ch/record/2206125/files/ATLAS-CONF-2016-044.pdf
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H—aa 8 TeV

19.7 fb’ (8 TeV)
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New phenomena in tt final SHAEAS

ATLAS searched for new phenomena in tt final states using 13.2 fb™* of collision
data at 13 TeV:
« vector like top quark (T) to a top quark and either a H or Z
* 4 top quark production
 heavy Higgs bosons (neutral and charged) in association with and decaying to
3rd generation quarks

« 1isolated lepton with high

5 10— = 10°gr—r .
= = 85% CL observad kmit & —— 95% CL observed limit pT. “. or e
:; T 95% CL expected limit = 95% CL expected limit . .
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= ]
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* 1o ATLAS Preliminary = © 1o - 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-104/

CMS looked for H*—cb
- enhanced and dominant decay in type-Y
2HDM model

 Looked for in tt production
« t—=H*b—cbb
« i=>Wb—Ivb
« 4 jets events (3 b-tagged) + lepton and
MET

« 4 categories depending on the number of b-jets - oos

and lepton flavour
« max likelihood fit to the binned M(jj)

templates, assuming B(H*—cb)=100%

« 95% CL upper limit:
e 1.1-0.4 % for M(H+)=90-150 GeV
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