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Higgs and the SM

Contributions grow with A:

* SM is a successful theory m2=m,2 + g2A2

* Nothing prevents the SM to survive up to the Planck scale if
the Higgs mass is 125 GeV. However, it is unnatural.

* If the cutoff scale A is very large, fine tuning of m is a
problem.
— Contributions grow with A (upper scale validity of the SM)

B . : T m2=m.2 + q2A2
The Higgs mass depends quadratically on A: m“=m,* + g<A cancelation?

* Need to to find an explanation for light Higgs mass. It Q

should be in the EW scale. o

* |s there a symmetry that protects the Higgs mass from
receiving large corrections? S

~
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Higgs and the SM (cont.)

* SUSY postulates a new symmetry between fermions and bosons

— Loops of particles and their SUSY partners have the ability to cancel the quadratic
divergences in the Higgs field self-couplings, solving the naturalness problem

— SUSY foresees unification of couplings at large energy scales ~10"° GeV

— Provides DM candidates (LSP)

* It tells many nice things, but the LHC may not be able to find it

 # of experimental scenarios is large

 Here, focus on what has been done so
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Charged Higgs

» Study non-SM Higgs in two mass
regimes:

° mH<mtop
—Mostly produced in top quark decays
—Large tanf: H*=>t+v
—Small tanp (<1): H*—=»cs

° mH>mtop
—Produced in gluon-gluon fusion
—Main decays: H*=+tb, H*=»>t*v
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* Main backgrounds: ttbar, W+jets

Branching ratio of H" decays
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Charged Higgs in top quark decays

JHEP 07(2012)143, HIG-12-052

o 1 m,.=100G ev/c?
: : : g
- Look for charged Higgs in three final states: £ dscay o
—Tau+lepton (electron or muon) gl e
R —H —-tb
— Dilepton (tau decays leptonically) ; LA —H > WA
- H — W°h’
—Fully hadronic: tau+jets 5
o.z: _______ B(t— Hb)
L
1 10
tan
T, tjets T, +lepton (e/u) di-lepton (eu)
7+ — hadrons 7+ — hadrons Tt = oy
Hj,,.-< ij‘,.,< Hjﬁ,.-<
gmmmmw—g—\b\ T ga&mmm—;—b\ T g\mmsmgm—g—\b\ T
th t4 t
. i o { q' . £ /b< vy . b/( vy
A A W=
q - -
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Tau jet identification

T-jet axis
* Taus decay 65% to hadrons (i.e. jets) and 35% '
to leptons 0.

— Hadronic tau decays are reconstructed with Particle-Flow (PF) :
— narrow jet with few tracks P A
. .. . L signal cone contribution

— Leptonic tau decays are similar to prompt leptons (lepton py is

softer, 3-body decay)

» Hadronic tau decays

—— isolation contribution

T-jet cone

— Main background from jets/electrons > 1 st Si::'m"’ 8= TeY, w
— ldentified based on decay modes, charged hadrons, and § 09" Gen |.T]|<2.3 3
ECAL deposits s 08
. b} . 0.7¢ T e i
« “"Hadron Plus Strips” (HPS) algorithm 06! ‘...g‘.‘:“..‘.:-.ﬁ.x.f.ﬂ .
— Uses photon conversion in tracker (y=*>e*e’) 0.5] :.P.d-"“""*"+' -
— Combines PF EM particles (y,e*) in “strips” 0.4¢ e
— “strips” are combined with PF charged hadrons g‘:ﬁ o S et Comb "
— Individual decay modes are reconstructed o‘.1f o HPS VA Loose 4
» Fake Rate ~3% for 70% efficiency Q550304050 607080

gentp_ (GeV)
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b-tagging

* b-tagging with Track Counting High efficiency (TCHE) algorithm
« Maximizes efficiency of finding b-jets

* Relies on tracks with large impact parameter (d,,.)

» Tracks ordered in decreasing d,.... significance (S)

* Jet b-tagged if S;z>1.7

* For p;=50-80 GeV, tagging rate ~76% (mistag rate ~13%)

trac

\""—;’, ™ Displaced
tracks
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1) Fully hadronic: tau+jets

7T — hadrons

 Main backgrounds: QCD multi-jet, ttbar, W+jets gwmmw—;—\b\ vr

* Event selection: o )
—Trigger: single tau+MET trigger gwm_ﬁ{( ’
—Require one tau jet p>40 GeV q
—MET>50 GeV . fs=7TeV L=231fb" CMS
— At least 3 jets, pr>30 GeV §103:_ B(H;’:,ﬁ;’;; e :mﬁ?:ﬁ.ja;:omm, .
— At least one b-tagged jet i B vt o o)
~ A¢(t,MET)<160° ' “ !

— Reconstruct M{(t,MET)

o
EC? 1.2E + + +

£ 0.8

© Y-ME . . .

c >3j ET= > 50 b tag Ao < 160°

Selection step
Michele Gallinaro - "charged and other BSM Higgs" - Higgs Quo Vadis - Aspen - March 10-15, 2013 8



Intermediate step: data-driven

After t-jet, lepton veto, 23 jets + MET cut
—Main backgrounds well described —Small excess for 1 b-tagged jet
—MET>50 GeV suppresses QCD — Good agreement overall

\s=7TeV 2.3fb' CMS Prelimina \l§ -7 TeV 2.3 fb1 CMS Prellmlnarv

3 = I
% mw =120 GeVl02 ® Data E "2 1 0 é m - 120 GeV/cz . Data é
O e | BRe-bHI=00s Wiy N © | BRM-bH)=00s _ wit ooy, ]
uN) 1 [ ] EW& fgeknuin(;‘ tc (meas.) E -l — . EWE ?e'?um:n E (meas.)
E % stat. u:cz:t.( ) i 107 P z_s!at “:':’:t( ) 3
§ 10 3 .
L E ............... -
. 10 =
1 E 3
10-1 »‘///- 1
g’ 1.5F n 2 14t

2 ettt +1 | S ol
S 0.5F SoeEk oo | —.
0 50 100 150 200 250 300 350 400 450 0 05 1 15 2 25 3 35 4 45 5
Uncorrected PF ET'® (GeV) Number of selected b jets
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Background measurement

 Multi-jet background (from data)

L] Data

—Background from QCD with a jet is misidentified as 3 ., =g;j§t: E
T, NO genuine source of MET Wonge: ]
[ Diboson —

77, MC stat. unc.
Ao(t jet, E'T“'”) < 160°

Embedded data

embedded simulation —

—Shape and normalization measured separately
—Factorized in bins of tau p;

 EWK and ttbar with genuine taus (from data)
—Based on tau embedding method
—Select events with one isolated muon
—Replace muon with tau

 EWK and tau fake (e/mu/jets mis-id as tau)
—Small, estimated from simulation

Events / 20 GeV/c?

W + jets: 53% —
SM tt: 38% )
Others: 9%

Data/MC

0 50 100 150 200 250 300 350 400
m.(t jet, E™) (GeV/c?)
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Event yield summary

» After all cuts:
—QCD multi-jet largely suppressed 5=7TeV L=23" CMS

> T
— | I o 45E-.. m =120GeV o * +Jets data -
EWK+ttbar (tau): irreducible 3 %7 B o505 S
— EWKH+ttbar (no tau): negligible Y B Wi (from data)
0 7 [ EWK+tt no-t (simul) —
—Small excess around 80-100 GeV € a9 777 stat @ syst uncert.
> -
. . . L -
* M; used in a CLs binned maximum 25 ]
. . . . - 200 T .. =
likelihood ratio fit to extract limits - E
ol
Source Ney ™ 4 stat. + syst. .. - =
HH + WH, my+ = 120 GeV, B(t — H*b) = 0.05 51+4+8 A b, ]
multijets (from data) 26+ 2+ 1 ‘g’) 2 ' E
EWK-+46 7 (from data) 78 £3 411 g0, 4t H B
EWK+tt no-r 6.0 + 3.0 + 1.2 % 0.5 ¢ E
residual Z/v* — 77 7.0+ 2.0 +£ 2.1 a 00 50 100 150 200 250 300
residual WW — 1,7, 0.35 =+ 0.23 + 0.09 m; (GeV)
Total expected background 119 £ 5 £ 12
Data 130
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2) Tau+lepton (e/u)

7T — hadrons

HT .
- Main backgrounds: ttbar, W+jets e
n . t —
* Event selection: b g
—Trigger: single muon (electron+jets) trigger & W‘:\</
—One isolated electron/muon p;>35(30) GeV e

Vs =7 TeV, 4.9 fb' CMS Preliminary
T T T

' —e data ]
m,,. = 120 GeV - withH =1ty 3

B(t=>HD)=005 . misidentifiedt,

DY+jets
Il Diboson
I Single t

— At least 2 jets p;>35(30) GeV
—MET>45(40) GeV

—One tau p>20 GeV

— Opposite-sign (tau,lepton)
—Atleastone b-taggedjet = BN

10°

Events

10° E|

data/MC

1l+=3j Emiss = 1btag 1T (OF]
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Background estimate

- Main background: ttbar and " “fake” t-jets _ ,_ —— —
. © = CMSPnelilminary o Data

» Fake background estimated from data S Wl i o i
© E Jetp_ >20GeVic, I <2.4 R
—Select “W+23jet” events (1 lepton+MET+23jets) * L[ e < i
—Apply to every jet, the ““jet—tau probability” ., . ] :
—Tau fake probability evaluated from data from “E o8 .
jets (multijet, W+jets) 00 : y
—Parametrized as function of p, n, jet width (R) Y
—quark vs gluon jet composition o | Jetp_ (GeV/c)

. . = 4 .
» Good agreement with expectations &2 ::gE """" g —
I e

BEeoo e
Jet P; (GeV/c)
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Event yields

et

UTh

Source NEM™ + stat. + syst. | N&y™ =+ stat. £ syst.

HH+HW, my+ = 120GeV, B(t - H"b) = 0.05 51 £ 3+ 8 89 +4 +13
misidentified 7 (from data) 54 £ 6 £+ 8 89 +£9 4+ 11
tt - WbWb — fvb Tvb 100 £ 3 £+ 14 162 + 4 + 23

tt - WbWb — fvb fub 9.0+ 0918 13.0 £ 12425

Z/~v* — ee, up 484+ 18+ 1.3 0.7+ 0.7+ 0.7

Z/n* =TT 170 £33+ 3.0 | 26.0+ 43 +6.1

single top quark 79+044+1.1 13.5+£05+£19

diboson 1.34+£01+£0.2 20+£02+03

Total expected background 194 + 8 £+ 20 306 £+ 11 + 32

Data 176 288
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Data/Bkgnd

Events

{s=7 T?V L=2.0 tl"b'1 CMS :

m, = 120 GeV e et data

B(t—H'b)=0.05 e with H - iy
misidentified <,
DY+jets

I Diboson

I single t

Il del+x

Bt et + X

777 stat. ® syst. uncert.

—
o
&
§IHHI

| IIIIIIII

o

IIIIII|
| IIIII|

102
2 E
- } + foe
0.8 E

>3j+EM " btag 11 08
T .

Selection step
s m,,. I= 120 GeV I e KT data -
105 B(t—H'b)=0.05 seeowith H oy
";;”“ s misidentifiedz, I
C 1 DY+jets 3
r R I Diboson n
i I single t T
10* B ueX =
E it ut +X B

7/ stat. ® syst. uncert.”|

- 23]45?'“ b tag ' 11 ' oS
Selection step
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Event yields: tau+muon update

* Dominant background is from fakes DoTTv 49M CusPomir:
c 10° e
. o . ) m,,.= 120 GeV --- with H = 1=
 Tau dilepton ttbar events: irreducible 3 B e 00s QD
( )=0. o misidentified T,
5 DY+jets
» Other backgrounds are small 10 == Diboson
I Single t
= %ther tt
| Source | Nevents (£ stat. = syst.) | 10° Ko
[HH+HW, m;;-=120 GeV, B(t —» H'b)=005 | 1793 £ 87 221 |
T fakes (from data) 2220=x114 10°
tt — WbWb — (uvb) (t,vb) 304.7 28259 | BN T e e
tF — WbWb — (£vb) (£vb) 214 +0.7 + 69
Z/y* —ee, uu 04x04=x01 102
Z/y* =TT 50.6 = 17.6 = 20.7
Single top 266 +12+33 O
vV 44+05+07 § LI
Total expected from SM 630.1 +17.9 + 469 oo
Data 620 O

1+ = 3 E¢iss = 1btag 1t (O]
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Tau+muon final state

After full event selection:
 MET and tau p; distributions
« Good agreement data vs backgrounds

\s =7 TeV, 4.9 fb"' CMS Preliminary \s=7TeV, 49 fb"' CMS Preliminary

> | LI ! LI ! LI ! LI ! 17T ! LI _I.—I dla!al 1T T 177 > | ! T 1 T ! T Ll 1 ! 1 T T ! 1 L] 1 ! T l—.l_ éa‘al T T ]
[ --.Hm_=120GeV] o - - - Hlm, =120 GeV]

O cco © aco
o 10° e 0 10° e
: I Diboson N ; I Diboson E
I Single t 7 — I Single t i
-l-g . I other tt ] QC) [ other tt i

Bt — ur 7

\ . " > —
L% N\ m 10 :
10 § \ i

10"

40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140
ET® [GeV] p: [GeV]
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Tau+lepton: limits (cont.)

« Use R variable in the limit extraction: binned maximume-likelinood fit
» Tau fake component is data-driven, includes uncertainties

3
L

\s=7TeV, 4.9 fb"' CMS Preliminary

0.4 —+— data
. — 'ﬂm&" =120 Ge
- [ misidentified
0.35 3 DY + jets A
- [ Diboson
0.3 W Single t

- R to{ther tt
r Et-ur
0-25: S bkg total unc.

02F

0.1}

0.05F

vl

[7777] signal total unc.
- B(t— H'b) =005
0.15F N

010203040506070809 1

plead.track/Er

2
220.14

o
p Y
— N

o
o
o))

95% CL limit for B(t—
o o
o o
H (00)

o
o

%llllllIllllllllllllIlllllllllllllllllll

Vs=7TeV L=4.9fo" CMS Preliminary

R L e S LA S LN LR RN
:—t—>H+b,H’—>1:v —8— Observed —:
- M final state B Expected median = 1o :
— B(H"—»rv)=1 ------- Expected median = 20 ]

0 90 100 110 120 130 140 150 160
m_. (GeV)
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3) Dilepton (eu) final state

« Tau decays leptonically H+<
. & anoe000000000—+ vr
* Main background: ttbar |1
* Event selection: o) L /\‘f\ v
—eu trigger: ele+mu (p;>20 GeV) W </e_
—At| 2| > V
t least 2 jets (p>30 GeV) 7Ty L=23m" cus,
. . = S| - e ey data
» Expect deficit of events (softer T p;) 30 e e
Iy C DY+jets
Source Ne¥ + stat. + syst. 10° — : : E :S:ii:;lgel‘:t
HH+WH, my+ = 120GeV, B(t - H"b) = 0.05 125 £ 9 £ 13 - 4 #77. Sk © syet. unot.
tt dileptons 3423 + 35 + 405 -
other tt 23 +3+3 10°
Z/v* — U 192 + 12 £ 19
Wjets 14+6+2 102
single top quark 166 + 3 £+ 18 -
diboson 8+2+5 S 1.2
Total expected background 3866 + 38 + 406 E 0.8
Data 3875 o 2 leptons M>12GeV >2jets  OS

. . ) . . Selection step
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Combined limits

signal modeled as excess/deficit of event yields

\s=7TeV :eu, et t+ets2.2f";ur4.9 b’

IFERE RN RN AR AR EN I AN RN AN AR NN E
%O 90 100 110 120 130 140 150 160 %O 90 100 110 120 130 140 150 160
m,. (GeV) . (GeV)

C
O
o
o))

\S=r 1ev L=4.Y TD UviS rreumlnary

s=7TeV L=20f" CMS L A AR AR RERAN RN RAR ]

AN = N,GI%SSM -_— N,GSEM = 2.’L‘(1 — (D)NWH + $2NHH + [(1 - .‘13)2 — 1]NtsfM 3 —l T 17 | T 117 ' UL LR | UL l T 1T 71 | TT T T[T l_
EI: 0.14t > H'b,H - v CMS Preliminary—

= ren I LA O o BITTY L=23BTCMs - T, Hets, et ut , and ey final states i
£.0.14 (—»Hb H > —&— Observed . .,P ; —H'b, H' -t —=— Observed B B
Ty gt et et 5 07 sttt e 1 o1of BH =™ =1 _a observea _
5 +iet : E.g 0SE _ E i fSS58 Expected median + 1o i
= < 05- - _
£ Th Je S 1 E © eM = 01 e Expected median = 20 —
3 = 04f O 'L i
Oo. 10 S s -
i i £0.08[- -
— B combined -

’_5‘0-4:"“"I"'t";"‘.l""\""I""I""I"""" §0.14jt—'H‘bH—>w —m— Observed - o\o

Iy F toH'b H'5w —=— Observed | ur,_final state . -

To% G M Logeaeos SOIID 1 100,04

D 03 5 0.4F s

S T, tel 2 g tmu

E .t h £0.08 p 0.02

= 02 S .

O " O0.06

0\00.15— 2 N

Ye) Yol

@ 01 © lllllllllllllllllllllllllllllllllllllll
00 %O 90 100 110 120 130 140 150 160

90 100 110 120 130 140 150 160 90 100 110 120 130 140 150 160 IIIH+ (GeV)

m,, (GeV) - (GeV)
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Doubly charged Higgs

EPJC 72 (2012) 2189

* Model
—SM is extended with scalar triplet (®**, &*, ®°) a W
— Triplet responsible for neutrino masses
— Search for doubly- and singly-charged
— DY pair production is most common

. a(a’) L)
- ®** decays to SS lepton pair of any flavor
combination
* Associated production
—pp—oW* D P-
—xsection at LHC is ~2x higher than pair
production

—VBF channel: pp—>W*W-—®**+jets (difficult)

« Search with 23 leptons of any flavor S NN SN WANRE S

— Search for excess of events in one or more Mass of & in GeV
flavor combinations of SS lepton pairs
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Experimental signature

Normal hierarchy (BP1) | [ Inverse hierarchy (BP2) |

« Couplings directly linked to neutrino mass
matrix

— As we don’t know v mass matrix, we don’t
know BRs

— Search for BR(®**—I*1*)=100% (l=e,u,t)
— Four additional model-dependent points

* Look for 3 or 4 prompt isolated leptons in
final state

* Unlike SM, combination of interest is SS

* Due to flavor non-conservation, final states
can be combination of any flavor

 Fully inclusive search

Degenerate v-masses (BP3) " Equal branching ratios (BP4) e

Michele Gallinaro - "charged and other BSM Higgs" - Higgs Quo Vadis - Aspen - March 10-15, 2013 21



Analysis strategy

CMS /s=T7TeV, [Ldt=4.9fb"!

* Analysis separated in categories " 3 o
: 3-leptons o=
—Light leptons and T, . P =
-3pq, Z veto, Ap, MET " 10 A% Mosat woort |
* Three leptons £ 1
— Separate signal and bkg based on 1
significance 101
— Il and ”‘Eh Pre-selection S_pr  Zveto  Ap(£¢) Mass window
e Four |ept0nS 10t} CMS'\/§=7' TeV, flﬂdt='4.9 o i g:;_van
. R — Diboson
—Substantially r-educed backgrounds 4-leptons =i ..
—lll, llte,,, llv, T, final states ol ¢ Mo st unoert.
w1 KKK ¢
0090090007026 %0%6 % 0 220 2020 2020 20

1071

> pr Zveto Mass window

22

Pre-selection
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Inclusive search in leptonic final states

% Data
3-Ieptons BN Drell-Yan
Diboson
I
B Single top
—— Signal (350 GeV) |

* Event selection:
—double lepton trigger (p+>17,8 GeV)
—electron/muon/tau: p+>15/5/15 GeV

« Backgrounds are small
—determined from data (side-bands/"”ABCD”)

10!

10

Events / 20 GeV

101

100 200 300 400

t m(e=6+) [GeV]
~
S CMS s =7TeV, [Ldt=4.9fb! 4 Data
? B Drell-Yan
c Diboson
S 10} - 1
E 10! R e % + ﬁ —— Signal (350 GeV)
o [ g 0]
o S 2 'H +
> ~ 1
5 2 2
10~ .
o — peEmre 4-leptons
- [ 425 band 10_1
I Tevatron exclusion
10_3 .| == Expected limit (combined) ||
i) =  Observed limit (combined) |
150 200 250 300 350 400 450 500 100 200 300 400 500
Mass of == [GeV] m(££6%) [GeV]
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Light pseudo-scalar: a—u*u”

PRL 109,121801(2012)

* Low-energy SUSY

—solution to hierarchy problem

I
—provides DM candidate -5-.< “

—provides unification of gauge couplings g
* Predicted in NMSSM

—Expands MSSM: 3 CP-even scalars (h,, h,, h;), L
2 CP-odd (a4, a,), 2 charged (H?) i oXBpp—a—pp)

CMS \s = e i
—Add scalar singlet to MSSM family s Py
10° + Barrel Data =
 Large cross section: gg—a—u'w = — 7GeV Signal x10
. s- i —12 GeV Signal x10 ’
» Search for general light pseudo-scalar § 1o} -
Higgs (a) near Y resonance N -

B 7 8 9 10 11T 12 713 1a
mw[GeV]
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Constraints on a—u*u production

14

— Observed —— Observed CMS
== Expected = 10 12 == Expected = 1o
Expected=20 |  \s=7Tev = 4 & [ [ Expected = 20 \s =7 TeV

10

lIlIlIlIlllIlllIIllllllIl

Upper limit on oB(pp—a—pp) [pb]
Upper limit on oB(pp—a—pp) [pb]

o N &~ O @

12 125 13 13.5 14

mw[GeV]
Mass range 2:
e Search below and P
above the Y family OF \assrange 1
 Set limits: g S5-88GeY
— No excess found above 1°’é‘
background expectations - oWS
0 (s=7Tev
1 L =40pb
oXBlpp—a— u " u")~1.5-7.5pb E AP (001 1 55 I
1 10 102

Dimuon mass (GeV/c?)
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non-SM Higgs decay: h—2a—4u

arXiv:1210.7619

« Explore non-SM decays of the Higgs boson (h)

—include production of two new light boson (a°)

« Search for generic Higgs decays: h—2a+X—4u+X
— Predicted in several models (NMSSM, dark SUSY)
— Complementary to direct SM Higgs searches

— Sensitivity to new decays with small BRs that can’t be excluded in
standard Higgs measurements without much larger amounts of data

 Selection designed to have low sensitivity to model details
— Find low mass muon pairs (“dimuons”)
—Require each event to have two dimuons p
— Require two dimuon masses to be consistent

* Results N
— Limits on production rates, benchmark models P
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Upper limit cross section

« Backgrounds from bbbar, prompt 22 (s=7TeV L, =53 b
double J/W production

* Event selection:
— Trigger: double muon (17, 8 GeV)
— At least 4 muons: p;>8 GeV (p,¢admu>17GeV) 2
— Mass pairs should be consistent (<5 GeV) 15

— Study detector resolution with low mass SM
resonances

—
Q

—
Q
n

9
Events / (0.025 GeV/c x 0.025 GeV/c?)

* Results o
—observe 3 events in off-diagonal region, oo 1 1e B Zr: [GZV/;']S
consistent with bkg expectations 1
— Signal region: zero events (1.0+0.5 bkg) = model-independent upper limit

of 0.78+0.05 fb on the product of
cross-section x BR x acceptance
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NMSSM and Dark SUSY Limits

CMS 2011 Vs=7TeV L, =531

25— ——————— -
i Dark SUSY 95% CL Limit: 1

i - m, =0.4GeV/c®

R Prediction with o(pp — h)=oSM,
20\ Bh—2n)=1%, B(n, =14+ No) =50%
and B(yD — 2u) = 45% 1

Results interpreted in NMSSM and dark SUSY

« Dark SUSY: h decay to pair of neutralinos
(ny): LSP

e
[¢)]
T T

-
(=)
T TT

uu
n,—npyp decays

l—> invisible

)]
T T

II[AAIllllllllllllllljlll,\llllllll-
90 100 110 120 130 140 150

m,, [GeV/c?]
CMS 2011 Vs=7TeV L =5.31fb"

o(pp — h — 2y_+2np) B3y —> 2 y) [fb]

S U T T T T
° NMSSM: h1’2—>281; a1—)2M 7_ ' NEAS:]:ASZD/;:(:GL\I/T;S l_
N — m, = 1GeV/c?
« Compare to SM Higgs cross section B meacnmeoptyon
5“&& B(h, — 2a) = 3%, B(a, > 2u) = 7.7% E

90 100 10 120 130 140 150
m, [GeV/c?]
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o(pp > h, ,—2a,) B, > 2 ) [fb]




Summary

« Charged Higgs searches in top quark decays
— Stringent limits
— Light H* searches limited by systematics
* Other BSM searches show no indication of deviations

— Doubly charged, light pseudo-scalar (a—uu), non-SM Higgs
decays

» Searches provide no hints for BSM yet
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