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WHY ToP AND HIGGS?
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New Physics




flavour CCNC

Yukawa hlerarchy
self-couplingZHDM SUSY

cosmology
naturalness dark matter

Composite Higgs




RF
cavities

Cleaning
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Cleaning

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

w2010, 7 TeV, 44.2 pb '
w— 2011, 7 TeV, 6.1 '
w— 2012,8TeV, 2330 '
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CMS Integrated Luminosity, pp

RF _ . Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
cavities £ ‘ 25
\ i DUMP w2010, 7 TeV, 44.2 pb '
w— 2011, 7 TeV, 6.1 1M '
w— 2012, 8 TeV, 2330 ' 20
Cleaning Cleaning 15
10
5
ALICE
%) ¢ »
ATLAS ~
LHCf

Date (UTC)

No 123TeV results on these topi,cs yet



How

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 um) ~200m? ~9.6M channels

Magnetic field :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

/

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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TOP, HIGGS, AND ALL OF US

* Precise top quark mass (and W boson mass) measurements provides a predictions for a SM
Higgs boson mass: mH=941+24GeV

; 80.5 . A. & § ] 4 5 8 .4 ] 8 & U8 ] 2 | e | [ T 0 1 .)r ] | T | L
o - |} 68% and 95% CL fit contours i| e Tevatron gvbrage L 3¢ .
‘._9, ® w/o M, and m, measurements ' 7
g 80.45 — 8% and 95% CL fit contours P
- w/o M, m _and M,, measurements -
e . R ’." .:1
80.4 ~ M, world average + 1o X o=
[ o z ),' :

e ey - = EPJ C72 2205
80.3 [— y < -
= / —
e / -
- s -
= R :&:,L—/ -
80-25 = ":‘(.\‘K;)":' P p—
B sﬁn’(" * .\3.;9." Q;\:'-.",‘ ~
-"i' 1 'l 1 1 'l L 'l ‘f 'S s Il J" l . 1 [ | 1 L l il 1 b 1

140 150 160 170 180 190 200

Predicted Higgs boson to be within |sigma to where we found it!

Knowledge of Higgs mass allows prediction of Mtop to 1% level: Mtop=175.8+2.5GeV
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TOP, HIGGS, AND ALL OF US

* Precise top quark mass (and W boson mass) measurements provides a predictions for a SM
Higgs boson mass: mH=941+24GeV

 Oh BTW,it also helps us predict the fate of the universe...

_» From EWK fits (incl Higgs)
180 : 4 - I { > r ,;/ /_L,_:"'.

g _'}010'

E ! -~ Meta=stability -~ -

= d,, ' ':::-';.///;

Mtop from direct = s 3

2 /-_/_// ]

measurements = = :
é 4 JHEP 1208 098

1

g 170 :

2 1

= Stability :

165 L—————=s — N

5~ 130 135
From indirect measurements Higgs mass M, in GeV

(until recently)
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HIGGS AND FERMIONS: BOTTOMS(?)

_ Tevatron Run I, L_ <10 fo’
E 142 b-Tagged Jets

S

—+— Data — Bkgd
B wz
]z

I Higgs Signal
m,=125 GeV/c®
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- |
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HIGGS AND FERMIONS: TAUS(!)

9 , = C
PR DS

4
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o) - ATLAS —- Data g
2 80 H- tt VBF+Boosted — H(125) (p=1.0)
@ - {s=7TeV,45fb" = g;:e:; 7
- & 60| (5=8TeV,20.3b" i -
= -1 w - S 1
o _ Tevatron Run |, L <10 fo . U 3
S | s 5 5 =+ ncert. .
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~ c 20 =
0 T B wz = B 3]
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B m,=125 GeV/c® ' 5 H; P, .
i L o— } (1=1.0} 3
200 3 [ . H(110) (4=1.0) ]
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- e H ki
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A THREEFOLD WAY TO TOP+HIGGS

INDIKECT:
Direct Y//ﬂg\f Produwction

| '4

¥/iqqs decay o photons 3’ = 4 e
9 A e P A \ L H | U N t

CMSEPJ. C75 (2015) 212 } - . /\/\/{
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A THREEFOLD WAY TO TOP+HIGGS

INDIRKECT:
Direct Y//ﬂg\S Produwction

. , '

Yiqas decay o photons X C P S e
Sy Y 7 & \ H _ l_' - C

CMSEPJ. C 75 (2015) 212 } t t\ /\/\/{

KR Q— C

? DIKECT: absolute Yukaroa
H —fép —'dhf/‘fop —%396 Production
e JHEP 09 (2014) 087 (comb)

j é EPJ C 75 (2015) (bb ME)
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A THREEFOLD WAY TO TOP+HIGGS

INDIKECT:
Direct Yiqas Production

oY, . | e

Yigqs decay Zo photons ¥ N = A S
ag = a}/ OP olon &\ H l_l I /C

CMSEPJ. C 75 (2015) 212 ?; v t\ /\/\/{

KAR Qo C

? DIKECT: absolute Yukaoa
H qup —'anf/‘fop == %&9\5 Production
o JHEP 09 (2014) 087 (comb)

3 A e EPJ C 75 (2015) (bb ME)

DIRECT Yukawa 5/:9/7 A .
7ﬂop( dnf/Z‘op>—->//{i35 Production w \ H
CMS-HIG-14-001 (7y) _

CMS-HIG-14-015 (bb) -
CMS-HIG-14-026 (leptons) C{/ \ q

CMS-HIG-14-027 (tau+combination)
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HIGGS AND FERMIONS: TOPS

* We know there is a Higgs boson in % | = H
LHC data T




HIGGS AND FERMIONS: TOPS

* We know there is a Higgs boson in
LHC data

* it first appeared decaying into two

bosons
| '
o o i
* the big picture is still far from clear, as - / .
there are a multitude of loops where :
new physics might be hiding N/\/\/{

* not to mention interference between WS A~
diagrams... I /J./\/J
- - ks
W/ J
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HIGGS AND FERMIONS: TOPS

* We know there is a Higgs boson in
LHC data

* it first appeared decaying into two

bosons
| '
o o A
* the big picture is still far from clear, as - / .
there are a multitude of loops where :
new physics might be hiding t\\/\/\/{

°* not to mention interference between

diagrams... I ﬂ
- - ks
“ ’” . - U(/ J
* we do not “see” inside loops! NN

Fabrizio Margaroli




DIG DEEPER INTO THE LHC GOLD

Higgs cross sections 8TeV pp collisions

1,000,000 fb
100,000 fb
10,000 fb

1,000 fb o ZH

100 fb o

10 fb
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DIG DEEPER INTO THE LHC GOLD

Higgs cross sections 8TeV pp collisions

1,000,000 fb
100,000 fb
10,000 fb
1,000 fb

2 orders of magnitude
100 fb

10 fb
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DIG DEEPER INTO THE LHC GOLD

Higgs cross sections 8TeV pp collisions

1,000,000 fb
100,000 fb
10,000 fb
1,000 fb

2 orders of magnitude
100 fb

10 fb
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Yukawa
through

ttH

25



TTH: VERY COMPLEX FINAL STATE

* Cross section is only ~1/200 of the inclusive Higgs production cross section

* Large multiplicity of objects in the final state
— top quarks decay to Wb, W bosons decay in turn leptonically (Inu) or hadronically (qq)
— Higgs bosons decay to anything but top quarks...

* Need to find the best combination of top and Higgs decays to isolate the small signal (130fb)

?vu,mr-—"'—6
e
jm—@
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TTH: VERY COMPLEX FINAL STATE

* Cross section is only ~1/200 of the inclusive Higgs production cross section

* Large multiplicity of objects in the final state
— top quarks decay to VWb, W bosons decay in turn leptonically (Inu) or hadronically (qq)
— Higgs bosons decay to anything but top quarks...

* Need to find the best combination of top and Higgs decays to isolate the small signal (130fb)

Top Pair Branching Fractions

"alljets™ 46%

t+jets 15%

u+jets 15%

c‘\'l‘ :'+Je15 15% )
"dileptons” "lepton+jets”
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TTH: VERY COMPLEX FINAL STATE

* Cross section is only ~1/200 of the inclusive Higgs production cross section

* Large multiplicity of objects in the final state
— top quarks decay to VWb, W bosons decay in turn leptonically (Inu) or hadronically (qq)
— Higgs bosons decay to anything but top quarks...

* Need to find the best combination of top and Higgs decays to isolate the small signal (130fb)

Top Pair Branching Fractions

=
L I

"alljets"” 46%

t+jets 15% O
102

[
Q
N

Branching ratios

;:+':(::"S 15% '3 | | | | / "‘ | ‘ | | A | | | ‘ | |
are A 10°7700 120 140 160 180 200
" y: : " etjots 15% " : " M, [GeV]
dileptons lepton+jets
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TTH, HIGGS TO GAMMA GAMMA




HIGGS TO GAMMA GAMMA

* Very low rate, but distinctive signature of the Higgs peak. Backgrounds are coming from top(s)
+photon(s), or photons+(b)jets, latter poorly known at theoretical level

* Split into events with leptons and few jets (leptonic) or no leptons and many jets (hadronic)

CMS ttH yy \s=7TeV,L=511b o CMS ttHyy leptonic  \s=8TeV,L=19.7 ft’ CMS ttHyy hadronic \s=8TeV, L=19.7ft’
% + Data ‘g + Data g | + Data
bt — Bkg fit | — Bkg fit w — Bkgfit
| M 1o ‘ o 5t Mo
+20 +20 | *20
|| —m.=125.6GeV | 4 —m =125.6GeV l 4t — m=125.6GeV -

—

%00 120 140 160 180 900 120 140 160 180 90 120 140 160 180
m,, (GeV) m,, (GeV) m,, (GeV)
. o Process Hadronic Channel Leptonic Channel
Event selection minimizes HH 0.567 (87%) 0.429 (97%)
contamination from other  gg — H 0.059 (9%) 0 (0%)
WH/ZH 0.019 (3%) 0.013 (3%)
Total signal 0.65 0.44

* fitting the diphoton peak greatly reduce sensitivity to background systematics
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TTH TO MULTILEPTON

CMS ttH. 'y channel __js =8 ToV. L= 195

% W 55 3y Soissidpotizags
& [ mg ]
. B iy :
- mwz ]
8 Others ‘ ]
+ £ Non Pr , ]
15{ -~ tHx 5 . -
X/ 4 | DI
10~ -
t -
..
€ »

Data/Pred

Ee— o
— - 95 06 04 02 0 02 04 06 08

CMS ttH, 31 channel 15=8ToV.L =195

12 F T SR B B NAAEEA B o -
= E o Data E
p— e ——————— g 35E =nH .
T 30E a“ r -
5 q 25
oo i
e —
B
Q.
8
(1]
o

N

1 08 06 04 02 0 02 04 06
BDT output
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CMS COMBINATION ON TTH

CMS Is=7TeV,505 11" {s=8TeV, 19.319.7f"'
- #2% Expecled + 10
--= Expecled + 20
- -« Expected (sig. inj.)
bb I~ -& Observed

Th'h
4]
3l

Same-Sign 2|

Combination

10
95% CL limit on o/cg,, at m, = 125.6 GeV

\s=7TeV, 5.05.1f'

. CMS bb,tt,yy, WW,ZZ is =8 TeV, 19.3-19.7 fb"

& o]~ obsenves o S * Set 95% confidence level limits on ttH
S| R . Expected (sig. inj.) |- : : ' o

-‘E’ E | B expecied 1o * Combined exp(obs) limit of 1.7(4.5) X SM
£

O

&

(o]
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CMS COMBINATION ON TTH

CMS Vs=7TeV,505.1tb"  (s=8TeV, 19.319.7 "' CMS 1s=7TeV. 5051t " (s=8TeV, 19.319.7 "'

n #5%% Expected + 10 I I =
Lt --= Expected + 26 n
- -« Expected (sig. inj.) _
bb [~ -8 Observed bb [ |
Thth Tn ]
4l 4| — N |
3l ap- —f—
Same-Sign 21 Same-Sign 2| - ——
Combination Combination |~ ——
‘ 'o 1 1 | P ) | -1011l-lalll-élllilll-lzlllal lélll;lllélllélll1o
95% CL limit on o/cg,, at m, = 125.6 GeV Best fit o/og,, at m, = 125.6 GeV
s=7TeV, 5.0-5.1fb’
2 CMS bb,tt,yy, WW,ZZ :: -8 TeV. 19.3-19.7 b’
& 9F | —s— Obsered R R s ey mE e Set 95% confidence level limits on ttH
o A i :
- o e Exmw (sa. 'n’.) .......... , . . .
S LE | m Expecied 10 | | * Combined exp(obs) limit of 1.7(4.5) X SM
E |
= : i
o
o
%
(o]

* Intepreting the result as a cross section
measurement

* Combined signal strength multiplier
n=2.8"19,49 X SM
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GLOBAL FIT TO HIGGS COUPLINGS
» Recently ATLAS & CMS

published the Run-1 combined ATAS RITCMBREROY, ST e
measurements of the Higgs - | S ATLASHOMS
production and decay rates and o s - —=20
constraints on its couplings. I 2l @
her| T ALAS N

» This includes the combined -
value for the ttH signal strength: Y“yy——

U = 2.3 06 - :
Significance: 4.40 (2.00 expected) Mzn|__—_——

» Total combined signal strength: “ __._
U= 1.09+0.11_0.10
u —
-
lllllllllllllllllllllllllllllllllllllll
O 05 1 16 2 25 3 35 4

Parameter value
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LIFE OF A BOSON

Higgs . Hi
discovery Higgs to b Elguss;: :
to ZIW/ guagiet
gamma |
1995 1998 2001 2004 2007 2010 2013 2016
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Higgs
LIFE OF A BOSON and %ips

Higgs . Higgs to
discovery Higgs to b taus!
to Z/WI guagisl

gamma
@ & & € @
1995 1998 2001 2004 2007 2010 2013 2016

LHC in 2016 will reach sensitivity to Y;
forecasted in the CMS physics TDR for
300fb-1 of 14TeV LHC (~2022)
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Yukawa
through

tHQg
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SINGLE TOP PLUS HIGGS

* Early Higgs data allowed inverted sign of the coupling of Higgs to fermions, relative to Higgs to
bosons, hence ambiguity about the kind of interference (+ or -) between Htt and HWW in the
Higgs to diphoton decay

* Single top plus Higgs production would be severely enhanced if that was the case

2 cCMS 1977 (8 TeV) + 5.1 ' (7 TeV)
[+ observed] UIEIPE > B e—— . Aprrrre————————— S
v ; [ Tevatron Runll, L < > C L VAT TR
t ¢ SM HIQQS! 6 . e Local maxima - A SM “ - ATLAS Prellmlnary ‘ C _|H _:; ﬁltl) ,’-&'%v:(_ H _:; lt\:tlv
| EllesxcL. [Jes% c.L gl Vs=7TeV/La-=4648M0" #H - vy @@combined
1 4l F \s=8TeV,|Ldt=13-20.7 b + SM x Best Fit
r~ : lwz=1 -_ — .
: o
0 i
- or
-1 af
-2 . . 'AAAAJAALLIxAIAle;A b ’ & bk k Daaa iy
0 0.5 1 1.5 0 05 1 15 2 06 0.7 08 09 ] 11 12 1.3 14 15 16

Ky

* t-channel tHq production especially sensitive to sign of Yukawa coupling, as it would bring large
enhancement in cross section (x|0-20, would exceed ttH production)

* single top plus Higgs would be sensitive to other new physics greatly enhancing its rates:
* non-diagonal Yukawa/new physics in tHu/tHc flavor-changing-neutral-currents

* single heavy quark production as in Composite Higgs/Extra dimensions theories

Fabrizio Margaroli



SINGLE TOP PLUS HIGGS

* Early Higgs data allowed inverted sign of the coupling of Higgs to fermions, relative to Higgs to
bosons, hence ambiguity about the kind of interference (+ or -) between Htt and HWW in the

Higgs to diphoton decay

* Single top plus Higgs production would be severely enhanced if that was the case

pCMS___ wrnemvasinoty
7113 S ‘
1) |> .
/\ \)\_ | /c
L \
| y H .- &8
-1> / \ - q /\ -4
0

* t-channel tHq production especially sensitive to sign of Yukawa coupling, as it would bring large
enhancement in cross section (x|0-20, would exceed ttH production)

* single top plus Higgs would be sensitive to other new physics greatly enhancing its rates:
* non-diagonal Yukawa/new physics in tHu/tHc flavor-changing-neutral-currents

* single heavy quark production as in Composite Higgs/Extra dimensions theories
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SINGLE TOP PLUS HIGGS

* Measurement of this production mode would probe ttH/WWH interference

— same kind of interference that bring current Higgs data to allow negative coupling of Higgs
to fermions

W§ N % £

| — -

| — P

 t-channel tHq production especially sensitive to sign of Yukawa coupling, as it would bring large
enhancement in cross section (would exceed ttH production)

Biswas,Gabrielli,Mele JHEP Ol (2013) 088
Farina,Grojean,Maltoni,Salvioni,Thamm JHEP 05 (2013) 022
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http://dx.doi.org/10.1007/JHEP05(2013)022

SINGLE TOP PLUS HIGGS
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SINGLE TOP PLUS HIGGS

LNC NGGS XS WG 204
&
T

o(pp — H+X) [pb]
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SINGLE TOP PLUS HIGGS
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SINGLE TOP PLUS HIGGS
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SINGLE TOP PLUS HIGGS
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SINGLE TOP PLUS HIGGS

10

LNC MGGS XS WG 20N
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HIGGS COUPLING AND MORE

oy CECN FEad

O M Standard Model

2 | B ATLAS 95% allowed
[T7] CMS 95% allowed
[ Exclusion 95%

- & 0.0}

or -0.5; e
-1.0¢ 5
AF : :
> o P | S LS S R 2R

0.6 0.8 1 1.2 14 06 038 1.0 1.2 1.4

Cy ey
S.Biswas,E.Gabrielli,FM,B.Mele JHEP 07 (2013) 073 Farina,Grojean,Maltoni,Salvioni,Thamm JHEP 05 (2013) 022

 Several other new physics models could alter single top plus Higgs production rates
and/or kinematics:

* FCNC
* Composite Higgs
* CP violation

e who knows!?
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http://dx.doi.org/10.1007/JHEP05(2013)022

THQ: VERY COMPLEX FINAL STATE

* Cross section is only ~1/1000 of the inclusive Higgs production cross section
* Large multiplicity of objects in the final state (signature is dominated by the t/tbar decays)

* Best combination of top and Higgs decays to isolate the small signal - apply lessons learned for
ttH!

tau+jets
11%

mu+jets

b\_/c 11%

~__H X

Branching ratios

X

e+jets

11% .
jets
66%

* For the time being, focus on negative Yukawa scenario: cross section O(200fb)
* use only leptonic top quark decay to increase signal-to-background ratio

* now combined result as well!
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THQ: VERY COMPLEX FINAL STATE

* Cross section is only ~1/1000 of the inclusive Higgs production cross section
* Large multiplicity of objects in the final state (signature is dominated by the t/tbar decays)

* Best combination of top and Higgs decays to isolate the small signal - apply lessons learned for
ttH!

tau+jets -
11%

mu+jets 1
7z _-8

Branching ratios

5 /c 11%
- -H X\ X
C'{/\ - jets
1 66%
—180 200
M, [GeV]

* For the time being, focus on negative Yukawa scenario: cross section O(200fb)
* use only leptonic top quark decay to increase signal-to-background ratio

* now combined result as well!
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THQ, HIGGS TO PHOTONS  cwwoue

* 2photons with pT >50 myy/120 and 25GeV

* | lepton with > |0 GeV and AR > 0.5 w.r.t. photons
* | b-tagged jet with > 20 GeV

* NocutonE/T

* Hardest additional jet, must have pT > 20 GeV and |
n|> |

CMS (Unpublished), L =19.7 fb*at Vs =8 TeV

<) 3.5 I'TTT I'TTT I'TTT I'TTT I'TTT ' T 17T I'TTT I'TTT
S : | | | | | | | ]
8 3:_ e |Data _j
o - tHq (Ct = F1) 1 H '
2 2.5; | ExtrattH (Ct|= -1) _ ;
L%J ' ] ttH (125)
2 -VH (125) ~
- ] Y
1.5~ ] Y
1:— r'Y r'Y 'Y & @ —:
0.5~ E
: |III|IIII|IIII|IIII|IIII:

JQOO 110 120 130 140 150 160 170 180
Diphoton Mass [GeV]
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THQ, HIGGS TO PHOTONS
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THQ, HIGGS TO PHOTONS  creues

CMS Preliminary, L =19.7 fb™tat (s =8 TeV

Events / (2 GeV)
o
o1

0.3

0.2

0.1

to

e Data

tHq (Ct =-1)

~ ExtrattH (Ct = -1)

- ttH (125)
I VH (125)

// IJIIIIJIIIIJIIII'IIII
0 110 120 130 140 150 160 170 180

Diphoton Mass [GeV]

Process Yield

tHq (C: = —1) 0.67

ttH 0.03 +0.057
VH 0.01 +0.01F
other H 0

Fabrizio Margaroli

No events in the signal region

Non-resonant background estimation via fit in
loosened m(YY)-sideband regions

Set 95% upper level confidence limit of 4.1 the
sigmaXBR for tHq production with negative
Yukawa




THQ, HIGGS TO PHOTONS  creues

CMS Preliminary, L =19.7 fb™tat (s =8 TeV

/>\ _I T T | T TT | ' T 17T | ' T 17T | T TT | ' T 171 | ' T 17T | T T I_
8 05: e Data i
A tHq (Ct = -1) -
2 0 4: _ | ExtrattH (Ct=-1) -
c 041 —
v i -ttH (125) i
W 033 I VH (125) i
0.21 - -
0.1 -

i IJ 1 1 | IJ 1 1 1 IJ 1 11 1 | 1 1 1 I_

900 110 120 130 140 150 160 170 180

Diphoton Mass [GeV]

Process Yield
tHg (C: = —1) 0.67
ttH 0.03 +0.057
VH 0.01+0.017
other H 0

Fabrizio Margaroli

No events in the signal region

Non-resonant background estimation via fit in
loosened m(YY)-sideband regions

Set 95% upper level confidence limit of 4.1 the
sigmaXBR for tHq production with negative
Yukawa




Events / (2 GeV)
o
o1

0.3
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0.1

THQ, HIGGS TO PHOTONS  creues

CMS Preliminary, L =19.7 fb™tat (s =8 TeV

e Data

tHq (Ct =-1)

~ ExtrattH (Ct = -1)

- ttH (125)
I VH (125)

900 110 120 130 140 150 160 170 180

IJIIIIJIIIIJIIII'IIII

Diphoton Mass [GeV]

Process Yield

tHq (C: = —1) 0.67

ttH 0.03 +0.057
VH 0.01 +0.01F
other H 0
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* No events in the signal region

* Non-resonant background estimation via fit in
loosened m(YY)-sideband regions

* Set 95% upper level confidence limit of 4.1 the
sigmaXBR for tHq production with negative
Yukawa

Be lmaginative




Expectation w.r.t SM

THE ATLAS WAY TO YUKAWA

* ATLAS uses a different approach to negative Yukawa:

* take existing ttH analysis, consider all tH contributions to it, study the dependence of the
sum of tH+X processes as a function of Ct

10° T rr ] ! M R | A;:103"I'"l"'l"'l"'l"'l"'I
i T S= ATLAS JLat=45fb", \s=7TeV
1OF- e ' S:F*(H—’m ' ?102 2011-2012 [Ldt=20.31fb", 1s =8 TeV
.. ~ BRg(H = 77) :E T
TE s TR e o(ttH)/o g, (ttH) clE
é o 10
3 --ee O(tH)lOg,(tH) X
10 c
*- 3 2 == nglanimmimimimie e - - -
2 E . .
gl ol - —— Observed CL_ limit
4 ftH, H >y D gl Expected CL, limit
10 o
\s =8TeV, m,=125.4 GeV o . o
& + 20
10-4 nlllninlnlntlllnA IO TR e 10-211111jllljjlllllllllllllljlll
-2 0 2 4 6 8 10 -2 0 2 4 6 8 10
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THQ TO MULTILEPTON

Three W bosons
* One b-jet

One light (forward) jet

* Best channels for H->WW): b-jet
* same sign dileptons SOWH
t| 9
.......... PO
H

¥

Fabrizio Margaroli



THQ TO MULTILEPTON

Three W bosons
* One b-jet

One light (forward) jet

* Best channels for H->WW): b-jet
* same sign dileptons SOWH
e three leptons t 9
.......... < EEREEEES
H

Fabrizio Margaroli



THQ TO MULTILEPTON

* Three W bosons
* One b-jet
* One light (forward) jet

* Best channels for H->WW): b-jet
 same sign dileptons SOWr
e three leptons t|d
H:
* Leptons: N
« pt>20GeV(SS2L) 10GeV (3L) w+ /
* ttH derived machine-learning-optimized /
lepton identification (SS2L) v
V. N
N I+
* Jets g
o pt>25GeV eta < 4.7 \

e CSV b-tagging

Fabrizio Margaroli



THQ TO MULTILEPTON

196 " (8 TeV)

CMS Preliminary ey channel msm (aTeV) o5 CMS Pr 3 channel 196" (8 Te

o - e —
= 40 +. .+ ® Data 4 - @ Data ~
5 M B+ (Ct = -1 e‘u mrac-n 1 WtaC=-1)
i 35 Bl tiw, tiz, tiH w1z, e - [ Bliw iz fiH -
sz 50 E:VV'ZW' 1 20+ Evw.ww -
W*'Wqq WWag - - .
30 [Rare SM Wy, : I - -5
[[7] Non-Prompt BRare SM - _ ]
CINon-Prompt 15 =)
Bl Ch. Mis.id - g
;
10 -
5 | i
) 6- PP PPN VRS = e
3 3 4 3
Q : 3 3
8 ] 2} + +
[
a + : ‘H . ;“a—_¢_ 3 —*2
Cb 010203 040506070809 1 % 07102 0.3 0.4 05 0.6 07 08 09 1 0 0102 03 04 05 06 0.7 0.8 09 1

tHq Likelihood tHq Likelihood tHq Likelihood

No significant signal - setting 95% confidence level upper limits

Channel Observed Expected 68% prob. band 95% prob. band

SS uu 9.3 8.1 [6.0, 11.8] 4.7,16.7
SS e 11.4 9.3 [7.0, 13.5] 5.4, 18.8]
3/ 11.5 8.6 [6.6, 12.4] 5.7, 18.0]
combined 6.7 5.0 [3.6,7.1] 2.9,10.3]

expected (observed) limit at 5 (6.7) times cross section on sigma(tHg, Ct=-1)
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THQ TO MULTILEPTON + TAU

" SCMS: —_— M 197fb (8TeV) s CMS P — 197fb (8TeV)
g : '_:‘-“D"a:‘a'“ (Ci=-1) OHT, é B%i?:t:m (C,=-1) HuT ‘5
S Lo twz 2 © LE I twz =
W Reducible ] W F  Reducible E
- It - 6 M tiH =
3~ I Di-boson i -l Di-boson .
[ Stat. unc. i SE  stat. unc. E
; : af 2
B 1 1 g 5 :
K i 3 E
g L
03 -0.5 0 0.5 1 - 0.5 1
Fisher score Fisher score
Process eUTh UUT,
tHq, C; = -1 0.42 +0.05 | 0.26 = 0.03
tHW, Ci = -1 | 0.06 = 0.01 | 0.04 £ 0.01

ttH 0.6 £ 0.1 0.3 0.1

ttV 1.8+ 04 0.9 +0.2

\"AY 0.7+ 0.1 0.3 0.1

Reducible 6.3 3.1 45+19

Tot. background | 9.5 +3.7 54124

Data 5 7
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COMBINATION AND INTERPETATIONS

CMS Preliminary 19.7 fb* (8 TeV)
pp — tHq

t — blv i
C=1, mH:125 GeV

w
[
T

w
o
L L

Interpretation #1

—@— ClLgObserved
....... CLg Expected  —
tloClgexp.

[ ] 20 Clgexp.

N
&)
I

Limits on the event yields on the analyzed
channels, predicted by the inverted Yukawa sign
hypothe5|s

N

o
T

I

95% C.L. CLg limiton o/o,_,

=
S]]
T T

2.1 (2.8) exp (obs) on Yt=-1 event yields

prediction
1600 . CMS Preliminary 19.7 fb" (8 TeV)
g LR S i R S :
2 ool — Omones Interpretation #2
% 1000 generic limits on single top plus Higgs production
o scanning values around SM Higgs to diphoton
: “ decay:
wof- R - Upper limit of 700(1000) - 425(600)fb exp(obs)
oo a depending on assumed Higgs to diphoton
e . 3 branching ratio
055 10 15 20 25 30

Br(H-yy) / Brw(H-—rm
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hierarchy

naturalness
Composite Higgs
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NEW PHYSICS REQUIRED

* The large mass of the top quark induces large quadratic divergencies

* Solutions to the problem involve hypothesizing the existence of top partners of
bosonic (SUSY) or fermionic (Little/Composite Higgs, Extra Dimensions) nature, that

automatically cancel out such divergencies

* In both scenario, several additional particles appear, providing a very rich
phenomenology

mass

few TeV

1TeV

100 GeV

top partner(s)

1/2

vector resonances

spin

63

— Light (<2TeV) Top Partners are
present in any « reasonably Natural »
model, i.e. less than one order of
magnitude cancellation

— Heavier (<10TeV) Resonances
needed

— The new LHC energy opens up the
discovery reach for this very
Interesting mass region




FERMIONIC TOP PARTNERS

* Fourth generation replica of SM quarks strongly disfavored by Higgs data

S .
/ 2 = X Notation:
q.q 12/3 =T 1/6 (B) 32/3 =l o
Z H. W+ X B OSPINHypercharge
=l (T) o PR
i} 1 =B B = X453 2 %
) q.q A 2 5/6 = (Y) 3-1/3 }Bi y5-4/3 ] R °

N v Yy &

0-01 . l . Al . l 1 L] L

* Vector-like quarks not not acquire
mass due to Yukawa coupling

* Deviation from top Yukawa too
small to be visible, both in current
and future collider experiments

J.A. Aguilar-Saavedra, R. Benbrik,
S. Heinemeyer, M. Pérez-Victoria

. ——— arxXiv:1306.0572
400 600 800 1000 1200 1400 1600 1800 2000
m. . (GeV)

_0‘03 U BT LT T T | U T TN T WY SN W SN NN SN SN SN NN SN U SN N S . |
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FERMIONIC TOP PARTNERS

* Pair production is a QCD process: only free parameter is the new particle mass

1 l L ) ] ] ] 1 1 I 1 ] 1 l ] ] ] I 1 ] ) I L | ) l ) LI I I 1 I

=G0
'._.\\ YBj
iy BY =
R /( ) — Thj
o — Bbj * single production
e S — Ty depends on the
(T B) > 2 Wi, P e Xy model
XN oSN s :
8 TeV R <

| 1 l 1 L L l 1 L 1 [ 1 1 L l L 1 1 l 1 1 1 l 1 1 L l 1 L 1 l 1 }..l

400 600 800 1000 1200 1400 1600 1800 2000
m, (GeV)

* single production
will be key in the

NeEw run

J.A. Aguilar-Saavedra, R. Benbrik, S. Heinemeyer, M. Pérez-Victoria
arXiv:1306.0572
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Decay modes at a glance (for 3rd generation only)

e Charged Current @

™ Neutral Current

. Charged |
* Current

Exotic E. Usa

Charge

The exact branching ratios are model dependent, need to explore all of the above



FERMIONIC TOP PARTNERS
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*example diagram




FERMIONIC TOP PARTNERS

CMS Preliminary Vs =8TeV L=1071

©
-

Fraction of events
5

LARAIAARAN R YY‘YYYYIYTYI]YTYY[IYIY"TTIII

e Data«driven background

— fH(=1)

— T (M'tm GeV)

200 400 600 800 1000 1200 400 1600 1800 2000 2200
H, (GeV)
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Fraction of events

CMS Proliminary Ve =8ToV L=107/

09
= e Data-driven background
O8p-
E
07—
E TH(-17)
06~
0sE- _ TTW'SNOGQV)
04
“E (O g -
02 I |_
01 _l \
« |
[ | e —-!q-Jll- | | FOTROE NP | I
0 2 3 B 5 ¢ 7 ] 9 10
¥ jets

* Focus on the
T—tH decay
chain is
particularly
relevant

* Here H—Yyy




FERMIONIC TOP PARTNERS

CMS Proliminary Vs =8ToV L=1971

1
=

e Data«driven background

— fiH(—=17)

— TT(M"M GaV)

Fraction of events
5

LARAIAARAN R YYIIYY‘ITYTTY‘IYYYY[IYYYITTYII

015
01
008
0%200 400 600 830 1000 1200 MO0 1600 1800 2000 2200
H, [GeV]
CMS Preliminary \s=8TeVL= 19.7f "
3 C TTtHTIH(— 1 1) —+- Data
— 5[ Hadronic Category — Bkg Model
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§ [ 2o
w4 7 tHiH
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3}
2.—
1; ¢ ®ee o . ¢ s mo .
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Fraction of events

CMS Proliminary Vs =8ToV L=10.71

09

"E e Data-driven background

'"E— H(—77)

06~

OSE'— e TT(U'SWOGOV)

04

asf-

g IS parr

02F- - A

oaf — L
-E‘...l ..... —q-lel~,1‘;.41 daaaalaaa.

0 1 2 3 : 5 ¢ 7 & 9 10

# jets
CMS Preliminary Vs=8TeVL=19.7fb"

C TTtHIH(= v Y) —4 Data

5" Leptonic Category — Bkg Model
- M,=700 GeV [lt1o

[ [ E¥

4? Dﬂ-ﬂﬂfﬂ
- 0 ttH(— yy)
3

2»-.

1; . > .

Focus on the
T—tH decay
chain is
particularly
relevant

Here H—Yyy




FERMIONIC TOP PARTNERS

CMS Proliminary Vs =8ToV L=1971

=
-

e Data«driven background

— fiH(—=17)

— TT(M"M GaV)

Fraction of events
5

LARAIAARAN R YYIIYVYTYTTYIYYYY[IYIYIY‘TY]

015
01
004
0%200 400 600 830 1000 1200 MO0 1600 1800 2000 2200
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CMS Preliminary \s=8TeVL= 19.7f "
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Fraction of events

CMS Proliminary Vs =8ToV L=107/
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# jets
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4,L__ 17— tHiH
- 0 ttH(— yy)
3

2»-.

1;-— . o .
i e ———————
POO 120 140 160

180

m,, (GeV)

CMS Preliminary Y5=8 TeV L=19.7 fb"'

* Focus on the
T—tH decay
chain is
particularly
relevant

* Here H—Yyy
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IITII
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FERMIONIC TOP PARTNERS

* Take any possible final state, using any possible number/flavor of leptons, number of b-

tags, identified boosted bosons. In particular:

e all-hadronic T—tH
e all-hadronic T=tW

19.7 fo' (8 TeV)

6 LEMTSI X Bl X% ) ] | BN 75 L ) ]D;tar 1 ' | 95 B B l 51 BN ] I-_:
° l -

3 B QcD (from data) 3

i %1

— TT-5tHtH (500 GeV/c?)

Events/(GeV/c)
O'I

I TT—tHtH (700 GeV/c?) x10
....... TT—tHtH (1000 GeVic?) x100]
3 ‘ Single H tag category

Data/ BG
o —
g O,
4]
A

o
-
o -
o e -
b
- ' .
;. -
— + -1
. o T T T 1 l iaaalg R S B SR Y l 11

0 500 1000 1500 2000 2500 3000
H; (GeV/c)

Events/(GeV/c?)

Data/ BG

19.7 fb' (8 TeV)
ICIMI1SI1TTIIIT ID;taTT]ITTIITITT
25 N B cco (from data) S
t # !
20 |- —— TT-tHtH (500 GeVic’) -
[ v TTatHtH (700 GeVic?) x10 4
sk BB TT->tHtH (1000 GeV/c?) x100-
[ Single H tag category
10
i
St
=
2t
15¢F
15
0'5':- i lxllllllklll e B Al
0 50 150 200 250 300

m - (GeV/c?)

* Limits on T—=qV hyp. ranging in the 700-800GeV range: arXiv:1509.04177
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| IFE GETS BETTER AT 13TEV

100

—99
[ ---- Zaq

luminosity ratio

Fastest rise! And
same for single top +

ratios of LHC parton luminosities: 13 TeV /8 Te Y

— New energy:
[ ~ increased parton luminosities, increased mass
o] . .
7] reach for less luminosity
/
/ 1 o .
/ - this is especially true for heavy quarks
? -~ single heavy quark will become more important
! -~ challenge: keep/improve performance wrt Run|
j 1 1 1 ] l 1] 1 ] 1 l 1 ' | ] l ] 1 L L l 1 L ] 1 ] L L 1 1 ' 1 1 1 ] l: g
: i
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- 48
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| IFE GETS BETTER AT 13TEV

o — New energy:
L atios of LHC \uminosities: 13 TeV / 8 J : L
| ST TEEnTe——— ~ increased parton luminosities, increased mass
o] . .
/] reach for less luminosity
— 99 /
= / 1 o . .
~-- B / - this is especially true for heavy quarks

p— ¥ ;

single heavy quark will become more important

luminosity ratio
l_\
o

challenge: keep/improve performance wrt Runl
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— N E
(XT) = <3 =~ E
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FCNC*
hierarchy

self-couplingZHDM SUSY 5

naturalness dark matte r*

*not shown here
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HEVIT FCNC

ukawa hierarchy
self-coupling 2HDM SUSY

cosmology
naturalness dark matter

Composite Higgs

Each way to probe top-Higgs has his own th+exp. advantages/disadvantages - CMS
is developing a sirong, synergic effort to exploit different production and decay modes

Direct exploration of top-Higgs coupling will soon allow independent probe on SM
New physics would modify direct Higgs production, ttH, and tH in different ways

New heavy quarks (bosons) with very rich phenomenology could very much lie
only a few months of data-taking away
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2TICL FFEVER?

WITH ONE SWITCH, EVERYTHING CHANGES AGAIN

COMING SOON
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<

-

o
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' ’
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HIGGS SELF-COUPLING




Final state topology Possible channels I

All-hadronic with
boosted top and
boosted Higgs

Lepton + b-jet

Opposite-sign di-leptons
and jets

same-sign dileptons

One lepton, b-jet and
boosted Higgs

One lepton, boosted
hadronic top

Fabrizio Margaroli

CMS@WORK
Final state topology | Possible channels |

Single VLQ: T'->tH

Single VLQ: Y4/3 ->
bw, T' ->bW

Single VLQ: B' -> bZ,
T->tZ

Single VLQ: X53->tW,
B->tW, T' -> tZ

Single VLQ T'->tH, T
> tZ

Single VLQ: B->tW

Di-leptons and boosted
hadronic top

Multi-b-jet with boosted
Higgs

All-hadronic with b-jet
and boosted V tagging

opposite-sign di-leptons
and jets (boosted tops,
Higgs, and multiple b-
jets)

inclusive with at least 1
lepton, including W, t
and H tagging variables

Same-sign di-leptons

Single lepton, boosted
top, boosted Higgs

Single lepton, boosted
top, boosted Higgs ?

Single VLQ: T'-> tZ

Single VLQ: B' -> bH

Single VLQ: Y4/3 ->
bw, T' ->bW

VLQ pairs: T'T' ->
tZbW, tZtZ, tZtH,
(bWbW: TBD), B'B' ->
bZbZ, bZbH

VLQ pairs: T'T'
inclusive with leptons

VLQ pairs: (X5/3X5/3)
B'B->tWtW , T'T'->tZtZ

VLQ pairs: TT'-
>tHbW, tHtH,
tHtZ;B'B'->bHtW

VLQ pairs: TT' ->
inclusive, B'B' ->
tWbH, tWbZ, tWtW




YUKAWA
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TTH EXCESS: MULTILEPTON

» The results are compatible with the SM expectation, although an
excess is observed by both experiments.

» 22 SS and 3¢ categories are the most sensitive

» The H—leptons observed (exp.) 95%CL upper limits on ¢/oswm:
ATLAS - 40: 18 (15%8.) CMS - 40: 6.8 (8.8"%.55)
30: 6.8 (3.8"1°.1 1) 30: 7.5 (4.1%2 1 5)
200Thada: 6.7 (3.9”'8-1,1) 22 9.0 (3 e )

r —r—TrTrTry e — _ CM {s=7TeV, 5.0-56.1 fo'; {s=8TeV, 19.3-19.7 fb’
112, - ATLAS s i . CMS. g Expected= 1o
oA . --- Expected = 2 ¢
Vs=8TeV, 203" P T --. Expected (sig. inj.)
4= i T LA W : -=- Observed
% EXPERIMENT (55 aa
i 5 i
2ty - I; i = R +§‘ T
T N 4l - * .
3l i r - e e
L —e— Observed CL, limit 3 o +
g | eeeee Expected CL :i’- "
2|0thad = i i O R, E mg CI? signal In ]ected . EE . s
Sue [ Expected =2« Same-Sign 2| |- i
All = i ; l -
A : l :1 s I L1 1 l 3y 3y 3§ 1 g<a _f . 1 EoF I
1 10 1 5 10
95% CL. limit on p=o/c 895% CL limit on o/og,, at m, = 125.6 GeV
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TTH EXCESS: MULTILEPTON

» The results are compatible with the SM expectation, although an
excess is observed by both experiments.

» 22 SS and 3¢ categories are the most sensitive.

» The H—leptons observed best-fit signal strengths:
ATLAS - 4¢: 1.8%%%, CMS - 40: -4.7*50 4 5

30: 2.8%%% 1 30: 3.1 55

2 £0Thad: 2.8+2'1-1,g 21: 5-3+2'1-1.8

— ot ATLAS
— stat. Vs =8TeV,203fb ! CMS "
tot. (stat.} - ‘
2[07'““ - F_=..=H 28 027 |‘t‘| 5‘:
e @ e CMS » (s=7TeV,5.0-5.1 6" (s=8TeV, 19.3-19.7 b’
3¢ LA f—e—r 2.8 72 (29 ThTh [— =
EXPERIMENT . )
211 Thad [ f—-o 1 0.9 ?0’ ‘Iff!?;‘ 4| — v .
4¢ e 4 18733 (52 il o
16274 1® : { 9.6 ‘38 (52
7| Same-Sign 2l |- e
Combined ""‘.‘—"l 213‘.;?110',) PURTRNT U T N U U WU WY U Y U N W PO T I N N N T U U TN W N W
-10 -8 -6 -4 2 0 2 4 5 8 10

Best fit o/og,, at my = 125.6 GeV

0 8 6 4 2 0 2 4 6 8 10 12 14
‘ Best fit u(itH) = o /0y, for m, = 125 GeV
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TTH EXCESS. ALL CHANNELS

[\ . . . ~
» The combined observed (exp.) 95%CL upper limits on 6/osm:
+0.8
ATLAS: 3.2 (1.4) CMS: 4.5 (1.7 55)
» The combined observed best-fit signal strengths:
+0.8 +1.08
! ATLAS: p=1.81""_s CMS: p=2.90" ""p94 )
CMS s=7TeV,5.0-5.11b"; (s=8TeV, 19.3-19.7 b’
YY |- 4
ATLAS ATLAS  Input measurements il "
Individual analysis
y i +loonpu vr | -
HH bb: u = 15':: 125 * - a1 b= !__.
Multilepton: u:z.r,:;{‘ 125 3 - :
Al [PV N I = e s e IV i _
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ATLAS 19.7 b (8 TeV) + 5.1 b’ (7 TeV)
68% CL: weeiese VS=7TeV,45-470" CMS & 68% CL
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TTH OR TTW EXCESS?

600 —
- tiW significance tiZ significance
500 70 Channel | Expected Observed | Expected Observed
g 60 2608 0.4 0.1 1.4 1.1
c 400 b
o 50 2£SS 2.8 5.0 - -
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¢ 5 . ——— ATLAS 68% CL :
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ttW cross section [fb] FYpERMENT 8 500;" AR S . ]
tEW 2 ol :
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35 A5 +0.7 o
SS 2033 | 14t} | 10208 | 204130} 34 49 .
3¢ 0385 | ;mosR | 10t%e | 103N 1.0 1.0 200 =
sS+3¢ | 203*% | 382t | 10*3%8 | 18828 35 48
ttZ _E T e
Cross section (fb) Signal strength (u) Significance “
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4t 206738 | 28*1% | 10737 | 11143 2.7 34
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GLOBAL FIT TO HIGGS COUPLINGS
» Recently ATLAS & CMS

published the Run-1 combined ATAS RITCMERENOY, ST

measurements of the Higgs - | S ATLASHGNE

production and decay rates and o o —+20

constraints on its couplings. I 2l @
Hyer ——— ATLAS

» This includes the combined -
value for the ttH signal strength: "y ———"="

U = 2.3 o6 -
Significance: 4.40 (2.00 expected) Mzn|__——
» Total combined signal strength: 't =
= 1.09+0.11_0.10
3 T
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Parameter value
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CMS ttH yy leptonic \'s =8 TeV, L=19.7 ft'
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DIFFERENCES BETWEEN TEV AND LHC

proton - (anti)proton cross sections
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THQ TO MULTILEPTON

Same-sign di-leptons, pt > 20/20 GeV
* No additional leptons (lep. mva > 0.35)
* Minimum m; > 12 GeV

One central jet |n| < 1.0, pr> 25 GeV
One forward jet |n| > 1.0, pr > 25 GeV
One CSV loose b-tag

No hadronic t‘s

Three leptons, pr > 20/10/10 GeV

* No additional tight leptons
* Minimum m; > 20 GeV

One forward jet |n| > 1.5, pr> 25 GeV
One CSV medium b-tag

MET > 30 GeV

Z veto: |m;-mZ| > 15 GeV
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Process UU ep £ee
W*W*qq 4621048 6.05+0.53 -
WZ,WW,ZZ 538+024 871+030 1.18+0.06
RareSMbkg. 141+0.09 2584012 0.11+0.03
o tty* 050+0.05 1.04+0.08 B
Stat. errors only tty 009+0.05 2.02+0.24 -
Signal Is C;= 4 tZ 223+021 287+023 220+0.18
W= 10.23+050 1495+059 3.0+03
ttH 226+0.08 324+009 152+0.06
Charge Mis-ID - 6.99 +0.10 -
Non-Prompt 23.01 +£1.46 50.96 +2.47 34+6
. Total Background 49.73+1.66 99.41+264 41.9+5.8
tH(rt)W  0.06+£0.01 0.07+0.01 0.07+0.01
tHWW)W  0.16+0.02 026+0.02 0.19+0.01
tH(tt)q 033+0.02 050+0.02 0.31+0.01
tH(WW)q  1.41+0.04 2.06+0.04 0.95+0.02
| Total Signal 1.95+0.04 2.89+0.05 1.51+0.03
Data 66 117 42




CMS Prodsvrary

"""" "1"‘1"7"'

1980 (8 TeV)

® Data
ElHq iCt = -1)
EBiiw, 2. 6u
Bwz
BwW'wWqg
[CINon-Premngpt

°
s
a
2
8
2 25 3 35 4 45 5 55 6 65 7
N, (P, >25 GeV)
CMS Prodmwnary 196" 8 TaV)
@ ©Data
s E@Hg (Ct =-1)
@O Wi, iz in
Cwz
wWwWag
[CINon-Preempt
o
e
a
8
3]
o
05 1 15 2 25 3 35 4
Forward Jetn G
25/36 R

Fabrizio Margaroli

Data/Pred.

Events
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THQ TO MULTILEPTON
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Events

Data/Pred.

Events
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THQ TO MULTILEPTON
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Interchannel Overlap?

tHq Sample

3L Selection

uu* Selection

3L Selection

e Residual overlap well below 1% e*u* Selection
 No common events on data
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TTH AND THQ MULTILEPTON

In the dilepton channels (uu/eu), ttH* has a tighter
selection than tHq, but does not require forward jets

tHq 2ISS Selection ttH 2ISS Selection
e 21jetwith |n| >1 * pr1+ pr2+ MET>100 GeV
e >1jetwith [n] <1 e 24 jets(|n| < 2.4)
e >1 jet with loose CSV tag e > 2 jets with loose CSV OR

> 1 jet with medium CSV
e Veto hadronic t’s

* Remaining selection is idegi

e By construction, no migrafitz e slidilepton and ttH channels
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TITLE

M Channel en Channel

tHq Sampl tHq Sample

H Selection XtH Selection

tHq Selection tHq Selection
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OVERLAP FOR 3L ANALYSIS

tHq 3l Selection ttH 31 Selection
e >1 (non-tagged) fwd-jet e >2jets(|n| <2.4)
(Inl| >1.5)

e METLD* >0.2 OR >4 jets
e MEt> 30 GeV

e > 2 jets with loose CSV OR
e ==1 jet with med. CSV tag > 1 jet with medium CSV

 Remaining selection very similar (Z-veto, my cuts, add. lep veto)
e Different lepton object selections
e Possible migration between tHg-3| and ttH-2| channels (see sl. 50)
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TITLE
3| Channel

ttH Selection

tHqg Selection

ttH Sample

tHq Selection

ttH Selection
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TITLE

MU Channel

tHqg Selection

ttH Selection

tHq Selection 3 I Cha n n e |

 Slight difference in yields of ttH selection
compared to HIG-13-020 PAS due to ReReco:
41 - 39 (up), 51 > 51 (ep), 68 > 62 (3I)

tHqg Selection

t+Hid Calartinn
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W'->TB

Conf. Note 11079

W'—=tb in Ii +jets CDF Run Il Preliminary, L =9.1 fb?

F oaeaaaa CDF #.+j 9.1 fot 1 €Xp.
@ CDF B+ 9.1fb™ L&xp. t o

10% = 1 CDF ¥+ 9.1fh exp. + 20
S CDF I+ 19fb exp., Phys.Rev.Lett. 103, 041801 (2009)
------------ DO I+ 2.3fb™ exp., Phys Lett. B699, 145 (2011)
- CMS1+j 5.0 fb* exP , Phys.Lett. B718 1229 (2013)

— = ATLAS I+j 14.3 fb™ exp., ATLAS-CONF-2013-050 (2013)
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MONOTOP

Phys.Rev.Lett. 108 (2012) 201802

Z..'\‘ ----J. Andrea et al. PRD 84 (2011) 074025
gl § — Observed 95% C.L. limit

: --- Expected 95% C.L. limit

i % 68% Confidence interval

" 95% Confidence interval

Cross section (pb)

11 l geivp.op l | l L l | I l 11 1 l i1 1 l | l
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95% C.L. limit on & x Br (pb)

CMS-PAS-B2G-12-022

CMS Preliminary 19.7 pb™ at Vs=8 TeV
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FERMIONIC TOP PARTNERS,
PROJECTIONS TO 3AB-1

CMS Simulation 2013, Vs=14TeV, L = 3000fb™

a2 —— 95% CL Exclusion
© | — 3o reach
10 = —— 56 reach
- —— Theory
107 =
1073 =
10-4 ] 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | | | | |
1000 1200 1400 1600 1800 2000
m; [GeV]
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Events / 10 GeV

FCNC, HIGGS BOSON

* Take the dominant ttbar production mode, look for events with one FCNC decay of the kind
t—Hc

* Split into hadronic (tt—cHWb—cHqqgb) events and leptonic (tt— cHWb—cgammagamma
Inub) events

— former contain residual combinatorics, latter unambiguous

* Choose topological and kinematic (top quark mass cuts) final states consistent with the
FCNH hypothesis, scan over dip” =~ —

Aggiungere risultati CMS in questo canale

ATLAS Preliminary
D SR ASMAL MMM ASARE Banas o e

g > > | /g o ann S aee set B I aea e e o M G A AMASYL SRS AN 0t e ae o ama o
ATLAS Preliminary IL dt=2031b" vs=8TeV 4 R v R 14 |HHadronic selection ® Data 201152012
= : 4 © {1 O - —— Sig+SM Higgs (126.8 GoV)+Bkg fit
¢ Deta i 2 : SM nggthg
181 — Signal, Br = 10% @ @ e g T i A
16} B 1} Sherpa € 1= - Ao
2 2 10 Lm.zosm’-.o.srev -
14} o @ seindh
12} 8l Ldte 471", Vs =
10+ B
: 61
4 '— SR S ettt AAL] Lo LETREI, ‘
2}~ ]
- | : 2 4.4 Ak A Aendennds I 4-9 "A Al
50 100 150 200 250 300 350 400 450 50 00 50 100 150 200 250 300 350 400 450 5( ?00 110 120 130 140 150 160
ﬂ\" lGeV] mr 4] [Gev] My [GeV]

* No significant signal is observed and an upper limit on the branching ratio of 0.83% (0.53%

expected) at the 95% confidence level is set. The corresponding limit on the tcH coupling is
0.17 (0.14 expected)
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THE CMS DETECTOR

D EM and Hadron calorimeters
’ ol LR photons, isolation

CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:21 to 2012-12-02 15:07 UTC

25 . . . ; 25
2 = 2010, 7 TeV, 44.2 pb '
. e e 2011, 7 TeV, 6.1 b
Inner tracker: i g o) — 2012,8Tev, 22.8 1 o
- ‘ c
charged particles solenoid Y . |
vertex, isolation P =
3 10/ 110
;.
o
9
E 5 15
Muon ni< 2.4 -
3 . e |
HCAL |rI|< 5.2 l:’&( ‘\,‘“‘i &\\)“ &\\)\ \‘9‘09 \‘909 so(—" \“;o“ ‘oe"
ECAL <3.0 Date (UTC)
In|
Tracker Inl< 2.5

The search for ttH requires

all subdetectors!
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TECHNICALITIES

Signal and background modeling
* ttHLWW,WLZ, ZZ Pythia

o ttW/ttZ/ttgamma/ttgammagamma/gammatjets/
gammagamma-+jets MadGraph

* tq/tW Powheg

btagging
* Combined secondary vertex, medium OP
e H->bb also uses full CSV spectrum

Fabrizio Margaroli

Triggers used:
Diphoton trigger
Electron trigger
Muon trigger
ee/emu/mumu triggers




SYSTEMATICS THQ MULTILEPTON

e PDF and QCD scales (rate)
« tHQ: 4.6% from PDF, 1.1% from Q? scale
« 10/11/6 % for ttW/ttZ/ttH from Q? scale
e 7-9% for ttV from PDFs, 8% for ttH

e 4 vs 5 flavor scheme (rate)
« Study difference in selection efficiency and
cross section on parton level, assign 10% (SS2L), 16% (3L)

e Pileup reweighting (rate)
* Vary total inelastic cross section by 5%
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SYSTEMATICS THQ MULTILEPTON

e SS2L non-prompt estimate: about 50%
« Data/MC agreement of fake rates: 50% (up), 40 % ® 20 % (en)  (rate)

 Variations of fake rate by pr/n (10-20%) (shape)

e SS2L charge mis-identification estimate: about 30%
* Propagated uncertainty on measured probabilities (rate)

e 3L non-prompt estimate: about 35%

* MC closure test (30%) (rate)
« Statistical errors of measured fake rates (shape)
« Varying the MEt cut in control region (shape)
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LEPTON MVA

Next, a multivariate discriminator based on BDT techniques is used to distinguish prompt from non- prompt
leptons. This discriminator, referred to as the lepton MVA, is trained with simulated prompt leptons from the
ttH MC sample and non-prompt leptons from the tt+jets MC sample, separately for electrons and muons
and for several bins in pT and n.

The lepton MVA input variables relate to the lepton IP, isolation, and the properties of the nearest jet, within
AR < 0.5. A tight working point on the lepton MVA output is used for the search in the dilepton and trilepton
final states, and a loose working point is used for the four-lepton final state. For the tight working point, the
efficiency to select prompt electrons is of order 35% for peT ~ 10 GeV and reaches a plateau of 85% at
peT ~ 45 GeV,; for prompt muons it is of order 55% for pTu ~ 10 GeV, and reaches a plateau of about 97%
at pTHU ~ 45 GeV. The efficiency to select electrons (muons) from the decay of b hadrons is between 5—

10% (around 5%).
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LIFE OF A QUARK

lkevents 200kevents 2Mevents || 13Mevents

1995 2001 2007 2013
1998 2004 2010
t-chann.el s-channel
Mtop observation observation
Top quark known to
discovery <1%
Single top
quark
observation tW

observation



H— BB, TT = LJETS OR DILEPTON

* ldentify tops and Higgs via multiple b-tagged jets, leptons (ele/muons) and light flavor jets

* Split into Njet/Nbtag categories to further increase sensitivity

* For each category, use machine learning techniques to discriminate signal from dominant tt
+bb/cc/b backgrounds

Lepton + 26 jets + 24 btags  CMS Preliminary (s=B8TeV,L= 19410’ Dilepton + 3 jets + 2 b-tags CMS Preliminary {5 =8 TeV, L = 10.45 fb'

- ! el ! i - 32000 BN EWK (354.8) 15+ V(30.2) [ single 1(225.3)
g - -"’" e ?2) -’S":Ot'fi((s?g -“:b(”‘s) c -tubﬁ(sea) -n:bmou B 1+ cT(4738)
2 Ws —+-Data (260) [72 g!.lm% (3'403.0) 9 W i (7456.9) —— Data (9060.0) 7] Sum MC (8771.8)
w 80— — umzs (8.3x30) 1800 — fHias (7s1128.9)

/
7 ;
=

e "%

lllllll‘llilollllllll

e e e S - ———

¢ | :
§ e e :
°08 06 04 02 0 02 04 06 0708 06 04 02 0 02 04 06 08
MVA output BDT output

* Fit over resulting shapes, systematics modify relative normalization and shapes themselves

— largest systematic is on the poorly known tt+bb/cc/b background
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THQ, HIGGS TO BOTTOMS  cwneum

CMS Preliminary 20 b (8 TeV)
42 10% E_ItH(le)lq’ Il‘n ;12|5 G eVl o + D Elita o _; ) Process Muon channel Electron channel
b - H MtHq, y=-1 3 tt 1058+5 718+4
> - 3T+4T regions (e+y) WAl bkgs. | Single top 3943 2743
L 10° & NBkg. unc. —= Electroweak 11+7
- 3 ttH 12.87+0.17 9.35+0.15
> [ 7 Total background 1128+9 767410
10° g E tHq, y, = —1 7.54+0.03 5.15+0.02
S . S/B ratio 0.7% 0.7%
10 =
. Process Muon channel Electron channel
] tt 29.1+0.8 19.8+0.7
1 Single top 1.1° §:g 1.2+1.0
Electroweak 479 S
1 ttH 1.7210.06 1.4340.05
10 Total background 377% 2974
tHq, y; = —1 0.8354:0.010 0.5804:0.009
L E KStest=1.00 42=099 $/B ratio 2.3% 2.0%

b

7 6 5 -4 -3 -2 -1
Ioglo(S/B)

* Set 95% expected (observed) upper level confidence limit of 5.1 (7.6) the sigmaXBR
for tHq production with negative Yukawa
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TTH, H =& TAUTAU

* Select hadronically decaying taus, coming from the Higgs decay, reconstructed via a Particle

Flow algorithm

* Select additional b-jets, leptons, light flavor jets consistent with ttbar decays, split into Njets

and Nbtags categories

4 jets 5jets >6 jets 4 jets 5 jets >6 jets
; 1 b-tag 1 b-tag 1b-tag | 2b-tags | 2b-tags 2 b-tags
"ttH(125) | 04£01 | 0601 | 06+02]01£00[02£01] 04£0.1
tt C2254+69 | 119+£38 | 64+22 | 48+15 | 38+12 | 27.0+9.1
tV ' 11403 | 13+03 | 14+04  04+01  06+02 | 1.1+03
Singlet | 11.2+40 | 30+14 | 11£10|19+11|09+06 | 0.6+0.7
Vijets 33+17 | 11.7+68 | 38+28|14+09 (0403 | 0.5£0.6
" Diboson | 09+02 | 0702 | 01£+00 00%+0001x00| 01%0.1
Totalbkg | 271 82 | 135+41 | 7124 | 5216 | 4012 | 2921+ 94
' Data 292 171 92 | 41 48 35

* Here tttjets is again dominant background

— multivariate discriminants exploit mostly

tau-related informations

 Total Ns~2.5 evts

— xI10 (H — bb, ttbar — dilepton)

— x100 (H — bb, ttbar — |+jets)

Fabrizio Margaroli

Events

Data/MC

4 08 -01.6\-()‘.4 02 0

%, 1, + 5 jets + 2 b-tags, CMS Preliminary, {s =8 TeV, L = 19.5 fb’

-

- i
" Z +jets

IIIII]T

o single tf
[ —4- Collisions -/ Bkg. err.

WW, WZ, 2z W +jets
tt+ W2
— tTH(125) (x 100)
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L”:E OF A QUARK Q?I\/Ievent

1995 2001 2007 2013
1998 2004 | 2010
t-channel
Mt;’)P Enlf;wn observation s-channel
Top quark _ i observation
discovery ingle top ‘
quark
observation tW

observation



LIFE OF A QUARK

1995 2001

Q?Mevent

- @ ¢

1998

Top quark
discovery

LIFE OF A BOSON
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2007 2013
2004 | 2010
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° observation
Single top ‘
quark
observation tW
observation
MH known to
<1%
Higgs . Higgs to
discovery Higgs to b taus!
to ZIWI quarks? |
gamma
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DIG DEEPER INTO THE LHC GOLD

Top pair cross sections 8TeV pp Higgs cross sections 8TeV pp
collisions collisions
1,000,000 fb 1,000,000 fb
tt
‘ tq
100,000 fb (o) 100,000 fb
tW H
O 0]
10,000 fb g 10,000 fb
o ® rw
1,000 fb 1,000 fb @ zZH
tW 47z 7 0
® ¢ ¢ uH ttH
100 fb o 100 fb Q
tHq t:q
10 b 9 10 b

t+H is the next goal in both Higgs physics, and in top physics
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DIG DEEPER INTO THE LHC GOLD

Top pair cross sections 8TeV pp Higgs cross sections 8TeV pp
collisions collisions
1,000,000 fb 1,000,000 fb
tt
. tq
100,000 fb (o) 100,000 fb
tW H
O 0]
10,000 fb g 10,000 fb
o ® rw
1,000 fb 1,000 fb @ zZH
tW 47z 7 0
® ¢ o tH ttH
100 fb Q 100 fb o
tHq t:q
10 b o 10 b

t+H is the next goal in both Higgs physics, and in top physics
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TOP PARTNERS REQUIRED

The large mass of the top quark induces quadratic divergencies

-

Both solution to the problem involve hypothesizing the existence of top partners of
bosoni (SUSY) or fermionic (Composite Higgs) nature, that automatically cancel such
divergencies

In the fermionic scenario new T particles exist such that T->tH (and T->tZ/WVb) are
possible

t, ty
—( )+ ()
tR Tr H

and T might be only one of a family of new quarks T/B/X (and bosons too!)
121




FERMIONIC TOP PARTNERS
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J.A. Aguilar-Saavedra, R. Benbrik, S. Heinemeyer, M. Pérez-Victoria
arXiv:1306.0572
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Deviation
from Yukawa
could be
too small to
be visible

both in
current and
future
collider
experiments




FERMIONIC TOP PARTNERS




