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Outline

@ LHC physics post Higgs discovery

@ Searches with Higgs
@ couple of Run 1 examples (SUSY)
@ more higgses and top FCNC

@ Outlook for Run 2
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Definitely a new particle

19.7 b (8 TeV) + 5.1 fb™' (7 TeV)
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Looks like a 0

CcMs Vs=7TeV,L=511b";Vs=8TeV,L=19.7 fb’ CMS (preliminary) 19.7 o™ (8 TeV) + 5.1 fb! (7 TeV)
Basf e - . & lopenmoon N Tme]
O L | meece {1 Probing anolmalous F [@" ot uo]
30} v i . : S | Fetnd
s b5 { interaction to Z boson G o el
c 25} = . . r ‘
g0 1 and tests of spin-parity

1sf . . |
sof Consistent with SM Lo | A
| All tested J? hypotheses ol A
i { are excluded at 99.9% i ]
0 80 100 200 300 400 600 800 _1_, o \1 ol
-1 -0.5 0 0.5 1
Ma (GeY) f25c08(0, )
CMS prdiminary) 197 b (8 TeV) + 51 1b {7 TeV)
I T A A R A I
Mot MS:iio S0 T T B B B S dal ol ml
0+20 M)+ 20 : : : ' ' ' : : : :

0"+ 30 J’xac

‘ﬁqll

;fl P ytl

LM || |'i

- —

A2y
A2y
a2z
el
> %

A o BF ¥ LB LF .E .2 2 & BE o
fér‘}r‘}r‘}r‘}"}'”éé%“{
8 8 8 8 8 8 8 § g



Higgs Couplings

19.7 o (8 TeV) + 5.1 fo' (7 Tev) e CMS Preliminary 19.7 fb" (8 TeV) + 5.1 fb™ (7 TeV)
‘Ql— L Ll T LI lll] ] LI llll - : + Observed o SM H| S
> [CMs 12 i
N Preliminary t -
2 1f g
S5 | |=68%cCL :
< | |—95%CL |
10F ---SM Higgs .
- | |
102 (M, ¢) fit =
’ #=68%CL | ]
—95%CL | | i |
1 1 L1 111 l 1 1 L1 1 111 I m 0 ~ l - .
1 2 345 10 20 100 200 0 0.5 1 K 1.5
mass (GeV) \

Higgs indeed couples to mass!



State of the Electroweak Theory

Radiative corrections to
precision EWK
measurements of W, Z
sensitive to Mt, MH

SM-like Higgs discovery
at ~126 GeV is
compatible

with global EWK data
at 1.3 sigma (p = 0.18)

Indirect constraints
are now superior to
precise direct W, Z
measurements

(MW, sin26)

e.g. H
b W= W=
80-5 L] I Ll T I L) 1 1 I I 1 I LB I 1 I 1 LI 3 L] I I 1
> : ! l I AL T -
) -} 68% and 95% CL fit contours | mf" Tevatron average 4, -
S, B w/o M, and m, measurements ' -
g 8045 — 689 and 95% CL fit contours =
_ w/o M, m and M,y measurements *ﬁ\:
N world average + 1o o
80.4 [ *
: R
80.35 — - —
80.3 — —_
80.25 [ o> -
. N ; .
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So, what's left to be done?

FERMIONS BOSONS
MATTER FORCE CARRIERS
QUARKS GAUGE BOSONS

LEPTONS _ HIGGS BOSON




Lt. Cmdr. Albert A Michelson

“The more important fundamental
laws and facts of physical science
have all been discovered, and these
are now so firmly established that the
possibility of their ever being
supplanted in consequence of new
discoveries is exceedingly remote.”




Lt. Cmdr. Albert A Michelson

“The more important fundamental
laws and facts of physical science
have all been discovered, and these
are now so firmly established that the
possibility of their ever being
supplanted in consequence of new
discoveries is exceedingly remote.”

1894, seven years after his experiment
disproving existence of aether



We’ ve discovered what appears to be a fundamental spin 0 particle, a
quantum of a scalar field with non-zero v.e.v.

i
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We’ ve discovered what appears to be a fundamental spin 0 particle, a
quantum of a scalar field with non-zero v.e.v.

Aether IS back!
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Why Electroweak Symmetry is
Spontaneously broken?

\"
\ / V(o) = 1’leol” + Ale|*

" 1)

12



Why Electroweak Symmetry is
Spontaneously broken?

vV
\ / V(¢) = 1’lel” + Mgl
" 0
@ The Standard Model “explanation” is that u?<0



Why Electroweak Symmetry is
Spontaneously broken?

\

V
/ V() = 12|e)* + Al

"

@ The Stanc

P

ard Model “explanation” is that u?<0

@ That is similar to saying that Ginzburg-Landau
superconductivity model explains superconductivity

@ but then

we'd be missing the microscopic explanation of

electron-phonon interactions

14



Any real explanation of SSB requires new
forces between SM particles — and,
therefore, new particles

15






LHC is exploring Electroweak Scale

Time after Temperature Energy

the Big Bang of the universe

5x10™"s 107K 10" Gev
10°K 10" Gev

10°K ——— 100 GeV

10°K 1GeV

5x10s 3K 10" ev
(now)

17



Frontier!

@ Exploring Electroweak Symmetry Breaking Scale

@ had to find something — (and did!)

@ something that looks a lot like a fundamental scalar - is the
small Higgs mass anthropic or a consequence of some new
symmetry? The answer is likely to lie at O(EWSB scale)

@ every time we produce a Higgs (or a W, or a Z at large Vs) at
the LHC we learn more about EWSB

@ Are there more fundamental scalars?
@ cMSSM is dead, but SUSY never looked more attractive
@ Can we produce Dark Matter at the LHC?

@ especially given hints of indirect detection of DM with preferential coupling
to the third generation

@ LHC probes Unknown territory - have to watch out for new
things: Occama razor has a terrible record in our field

18



Supersymmetry

@ Symmetry between fermions and bosons
@ Path to strings, etc

@ Provides microscopic explanation of EWSB

@ Explains why Higgs mass is much smaller then the Plank
scale (Naturalness problem)

4 N\
__.".--Q---"--- cancelled by ___”___t_“_\_,__/_}_t___”___

@ Allows for next big o0 bt
e~ i
. . \:\_‘\ with no SUSY |
(aka Grand) unification N L
40 suU(2) ’_/,——><\ _</' Tl
= e LT N
/5- //, B ——":
s 4,/—: ”””” with SUSY
— sue3) :
GUT point

103 1010 1016
u (GeV) 19



Supersymmetry

@ Symmetry between fermions and bosons
@ Path to strings, etc

@ Provides microscopic explanation of EWSB

@ Explains why Higgs mass is much smaller then the Plank
scale (Naturalness problem)

4 N\
__.".--Q---"--- cancelled by ___”___t_“_\_,__/_}_t___”___

@ Allows for next big o0 |ttt |
. . Q:\_‘\ with no SUSY ‘_—/’
(aka Grand) unification N
40 sUR) [T~ v alne™
- . LT N P
N = T L
Not the only possibility for 3 20 /4,/,;—————" with SUSY
new physics, but as strong Su(3 GUT point
contender as ever! 003 1010 101

p (GeV) 20



Higgs as New Physics Tag

@ New physics (SUSY?) cascades may produce
higgses as copiously as W' s and Z’ s - but the SM

Higgs cross section istinycomparedtoW/Zg“)zg""""'""""""""""""'E%

@ single W: 10° pb 3 ”

@ W-+lots of jets (aka top): 103 pb &0 £

@ single h: 20 (50) pb b asooweosn :

@ h + lots of jets (tth): 0.1 (0.6) pb 15 owimioocdimost —

@ requiring higgs production [ o0 NP :

is a New Physics booster 107k .

@ even paying 2-10~ penalty for yy T e e WL

branching one gets ~reasonable number of Ns [TeV]
events

@ 20/fb-1pb-2-103 = 40 events

e Impact way beyond just SUSY - every time you produce a Higgs you
explore EWSB: SUSY here is just a great way to “generate signatures”
with Higgs + stuff.

21



Higgs as New Physics Tag

@ New physics (SUSY?) cascades may produce
higgses as copiously as W' s and Z’ s - but the SM

Higgs cross section is tiny compared to Wéz 0 LPCC SUSY 0 WG

; =10° §
@ single W: 105 pb S 0 19
@ W+lots of jets (aka top): 10°pb 3 0 S
1 1 £
@ single h: 20 (50) pb 11 o'
(=7
@ h + lots of jets (tth): 0.1 (0.6) pb B 10? e
3 z
@ requiring higgs production % 10°] . :‘fj
is a New Physics booster B 0=
. Z -4 | | | | | | | L

@ even paying 2103 penalty for yy 1%100™200™ 300" 400 S{?g;ggar;’ig‘fe s [V

branChing One gets Nreasonable numbelﬂn@fiki‘ccrn.ch/luiki/hin/\'icw/llll(fI’h\sics/SL'SY(,‘rossSccti(ms arXiv:1206.2892

events
@ 20/fb-1pb-2-103 = 40 events

e Impact way beyond just SUSY - every time you produce a Higgs you
explore EWSB: SUSY here is just a great way to “generate signatures”
with Higgs + stuff.

22



Natural SUSY

——  Stopg
Sottom @ To keep Higg_s mass small,
Top partners of higgs and top quarks
should be relatively light
—  Higgsino @ If SUSY is broken at low scale
Higgs such events can masquerade as
il SM QCD — almost no missing
e energy
G @ ie: stop at 290 GeV, higgsino at 130
P, e GeV, gravitino is soft: final state of
\ . %f Mo 2 HH+almost no MET
e = b @ An important gap in searches for
tR '''' - ]‘;', stops and higgsinos that one need
% %< to check!
1 L N 0

23



Br[x® — hG] and Br[x° — ZG]

@ using formulae from Meade, Reece & Shih arXiv:0911.4130 [hep-

ph]

@ assume large M; and M2, mn € mH, Ma

myz

4

4 4
- 1 2 N ~ 1 m?2
I'xi—=G+2) = —(sg+ TICﬁ)2 (1 - — ) A L(x} — G +h) Z(Sﬂ - 770/6)2 (1 - 2~h ) A

m-=_
X3

1./(1+pow(y+1,2)/pow(y-1,2)“pow((x*x-91.2°91.2)/(x*x-126"126),4))

—

=
e
w
o

tan B

n

0

a

t

N W A~ 01O N 00 O

150 200 250 300 350 400 450 500
m(x")

24 Yuri Gershtein
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1./(1-+pow(y-1,2)/pow(y+1,2) pow((x*x-91.2*91.2)/(x*x-126"126).4))
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150 200 250 300 350 400 450 500
m(¥")



vy channel for searches

o Start with 2:10-3 suppression
o But

o looking for relatively quiet events without large MET or
very energetic jets - huge QCD and EWK backgrounds
otherwise

CMS Preliminary, s =8 TeV, [L df=19.5 b

o still, a few pb o -Br

o Narrow peak gives a very
reliable way to estimate
the backgrounds

o SM Higgs background is
negligible

[a—
<

Cross Section x br[H— 1y v] (fb)

[

Higgsino Mass (GeV)

[a—
<

200 300 400 500

Stop Mass (GeV)

25 Yuri Gershtein



Minimal particle content model

ER 5('1* jet,u
P e A
1 &- G 52_*_ é
AN 1 Lt e, -
tH & B g
) v e

Pl . T 3
\ et jet,f

@ Consider both strong and

direct EWK production E > I B
@ Two higgses per event, plus b- ™ JJ o
jets from stop: yybb final E; 250 I 03
state s B 0;
@ For cases when x° — ZG is & _ Jf "
large, need to combine with 20030 4000

: Stop Mass (GeV)
] multi-leptons

Stop Cross Section Fraction



CMS, Vs=8TeV, JL dt=19.7 fb!

Event Selection

J|||||||||||||||
> 220

—_—.——

g

27

100 110 120

— Signal: m_ =300 GeV

IIIII|IIII|IIII|IIII
>2 b-jets

i

Data
Sideband Fit

mx =290 GeV

e “W‘

30 140 150 160 170
M, , (GeV)

>?2 isolated photons, Er>40, 25 GeV, | n |<1.44 (barrel)
>2 b-jets (CSV-medium + CSV-loose)
Higgs mass window: 120 < myy < 131 GeV

- Fit excluding 118-133 GeV window
- negligible dependence on fit function,

use power law

46 events, 46.5+3.8 expected
- Looking in mass window looses us a bit

of sensitivity, but allows us to easily scan
a variety of kinematic distributions in the
events

- determine background from sidebands

average lower and upper, add half of the
difference as extra error



Event Kinematics

o kinematics is different from point to point
o humber of taggable b-jets
o fraction of events where the two b-jets from higgs

CMS Preliminary, s =8 TeV, [L df=19.5 b

*xo ~ at rest, moderate pr(h), MET

[a—
<

* moderate pr(h), MET + extra b’s

[

* very small MET

Higgsino Mass (GeV)

Cross Section x br[H— v v] (fb)

Stop Mass (GeV)

28 Yuri Gershtein



Events with hi

CMS, Vs=8TeV, _[L dt=19.7 fb™!

L I LB B

> 3.50 —e— Data =
O - [ | Background ]
S 3k Signal (m./m-,):
2,4 ——350/135GeV ]
2L e e 400/300 GeV ]
g o - 300/290 GeV
M C ]
1.5F =
1.H‘ E
050 T 3

0 200 400 600 800 1000
H. (GeV)

CMS, Vs =8 TeV, JL dr=19.7 fb™!

% 4:_ —e— Data _;
(OD 3 53_ || Background A
—r Signal (m /m~o) ]
= C ]
a8 3 3507135 Gev g
Eost 400/ 300 GeV 3
O = YE ]
> w300 /290 GeV ]
) :
8 l :
0.5 —+— wrdi :

: I FOMUN X TP i M M "f'“.““. T 'I‘M”}M_

O

200 400 600 800 100

S, (GeV)
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Events per 10 GeV

Events per 10 GeV

gstag+ 2b’s

CMS, @=8Te9Ldt—197fbl

N

5 LA L I B O L L
i —e— Data ] H _ H 1
: B0 Background | @ Points - evts with higgs tag
4- Signal (m/mz):— 7 @ Rectangles - sidebands
i — 350/ 135 GeV ] )
NI B— a00/30Gev | @ Lines - stop MC
i - 300/290 G ) -
: 1 @ Simple and robust BG
2r . prediction allows for quick
E_ l : exploration
IF 7
:... ..ul.u.lmﬁ rﬂrm
0 100 200 300 400 500 600
B, (GeV)
CMS, 5=8TeV, [L dr=19.7 " CMS, s =8 TeV, [L di=19.7 o

L I L I L L B ’ ’ )

L i 2OTI|f|f|‘|"'\"'\"‘I‘"I"'t
12; E g:ziground ? E 182— E E:Zigmund —f
10 a Slgnal (m.;R/m%o): b 2 16; Signal (m? /mio): é

5 —— 350/135 GeV 1 84 ——350/135GeV -

gL 400 /300 GeV 1 &0, 400/300 GeV -

C - 300 /290 GeV I T 300/290 Gev -

L - M 10 -

or < ] SE ‘ | E
af —+— : 6 ;
aalliia- ==K

- L % 2F .
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Further Event Categorization

Divide events into three categories Category ® ) )
. , signal 350 / 135 10.7 2.0 6.8
o events with =3 b’ s signal 300 / 290 2.1 10.1 3.9
signal 400 / 300 4.0 1.4 2.8
@ =2 b’sand 95 < mpp <155 GeV  “expectedbackground 67 =14 105418 29.7 +2.8
observed 6 7 33
. ’
o all other events with =2 b’ s
CMS, /s =8 TeV, |L dr =19.7 o CMS, (s =8 TeV, [L dr=19.7 b CMS, 15 = 8 TeV, jL dt=19.7 b’
> j'l""l""I""I""I""I'."'I""IE > _"I""\""I""\""I""I.""I""L > :I"'I""I‘ rerrprrrrprrrrrrTTTg
84.55_ — e Data 23 b-jets _; 8 10:_ — « Data 2 b-jets on H h 8 12; e Data 2 b-jets off H B
8 40 —— Sideband Fit = g —— Sideband Fit 1 8 L —— Sideband Fit
S H D Signal: m- =300GeV 4 S- i W Signal: m- =300 GeV | a- 100 4 T Signal: m- =300GeV
g3-58 m,=20Gev | & 8 m,=20GeV | E m}, =290 GeV
2 3 4 e = 1 2 ol
= r 3 M i i /m 8_ ]
2.50 E or B _
2 ! ] _ ] ot | E
L5 E ] 4f | ]
O 1 IREE H\ o | ‘ I . | }
SE E Rk C IUigi 1
of Al B ol LS L) 0" ___h.‘l__lll"Illmmﬁ i
100 110 120 130 140 150 160 170 100 110 120 130 140 150 160 17C 100 110 120 130 140 150 160 170
vy (GeV) M, , (GeV) M, , (GeV)
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Events per 10 GeV
[\S]

[a—

MET In categories

@ Use binned MET distributions in the three
categories for the statistical analysis of the
data

(98]

CMS, (s=8 TeV, L dr=19.7 b CMS, (s =8TeV, [L dr=19.7 fo! CMS, 5 =8 TeV, [ dr=19.7 o
FrTm 1] LI L I B B BB B [(TrTrrrrrprrrrrrrrr T T T LA B s s s e
5:_ (a) —e— Data A > 6: (b) —e— Data > 121 (¢) | | —e— Data ]
F | Background ] g C | Background ] O T || Background 1
30 Signal (m: /mi"): E = 5t Signal (m- /m;(o): = S 10 Signal (m- /m;(n): ]
r R ] = - R - = L R _
- — 350/ 135 GeV & I —— 350/ 135 GeV & —350/135GeV -
SE L e 400 /300 GeV g 4 | e 400 /300 GeV £ 8- | T 400/300 GeV -
of e 300 / 290 GeV SO w300 / 290 GeV S rl e — 300/290 GeV -
C M el ‘ ]
5 : F | f
. 4 E

1 7 -

0.5/ : 2l | E
E E """""""""""""""" | """"""""""""""""" |' """"""""""""" i o] L - asasssses ssssoosn
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 14
ET (GeV) ET (GeV) ET™ (GeV)
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Comparison with multileptons

o Higgs decays into leptons
o Mmostly though WW and zt
o Br[h—1 e/u]=11%, Br[h—>2 e/u]~1.8%
o Br[hh—3 e/u]=0.4% - comparable to yy

o in reality, a little less sensitive - soft leptons from z, W* and
larger background (no mass peak!)

< 500

G 450

200
150

M_o
X

1

32

1 1 1 I L 1 1
200 250

CMS Preliminary \s=8TeV, j Ldt=19.5fb"
i L L L L LS.
— Natural Higgsino NLSP (GMSB)

- Br('i? - h(~3) =1, Strong and Weak Production
- observed 95% CLs Limits

— —— Theory uncertainty (NLO+NLL)

------ expected 95% CLs Limits
[ expected i1oexperimental

SUS-13-002

+|IIIIIIIIIIIIIllIIIlIIIIl

1 | 1 1 1 1 1 L
300 350 400 450

=m.-5GeV, m,=m.+5GeV m- (Ge
X 1 t

1

(_ﬂ_
58-1—[[[[[']IIIIIIIIllllIIIIIllllllllll
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Comparison with multileptons

e Higgs decays into leptons
o Mmostly though WW and zt
o Br[h—1 e/u]=11%, Br[h—>2 e/u]~1.8%
o Br[hh—3 e/u]=0.4% - comparable to yy

o in reality, a little less sensitive - soft leptons from z, W* and
larger background (no mass peak!)

CMS Preliminary \s=8TeV, J-L dt =19.5 fb

/>\ 500 1— T T T T I T T T T | T T T T | T T T T | T T T T | T T T T
[)) — Natural Higgsino NLSP (GMSB) ]
O 450~ Br(i? — hG) = 1, Strong and Weak Production .
. x observed 95% CLs Limits :
1= 400 Theory uncertainty (NLO+NLL) =
[ mmeees expected 95% CLs Limits _12_ ]
350 — - eipec'{ed i1csexperiment::ﬂ | SUS 1 3 O 14 ]
300 SUS-13-002 =
2501 =
200F =
1 50 ;_ 1 1 1 l L L L L l 1 1 ) I 1 1 —;

200 250 300 350 450 500
moe=m.-5GeV,m,=m.+5GeV m- (GeV)
X X %, X t

Yuri Gershtein, FNAL W&C March 2014



The limit

CMS, (s = 8TerLdt-l97fb1

PR I
200 300

—_

e,

< 500 — T T T T T T 3.5:

% Natural GMSB nggsmo model N 5

&) - Br(z° — HG) = 1, Strong and EW Production 13 3

~ B 1 _ 2

Fos Mo =m,. - 5GeV,m = m.. + 5 GeV §<)
B 1 1 X, 1 1

& 400 === Observed 95% CLs Limits - —2.5 H

— = = = Theory uncertainty . 8

| - = = Expected 95% CLs Limits =

| Expected £10,, 1 enca 8

N

300 A

S

O

N

Ve

200 3

g,

2

O

N

e

o
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Pure EWK production

@ no single channel has sensitivity at 20/fb — need to combine

h(bb)+h(bb) multileptons
h(yy)+lepton(s) Z(I1) +2Z(33)
h(bb)+2z(ll)

bb

jet

Box size x BR

35



Diphoton channels

@ As before, sort events
into boxes in order of
decreasing purity

@ With EWK production in
20/fb the limiting factor
IS the number of events

@ Will not be the case for
Run 2 & beyond

Diphoton Events

AN-13-239
2-Higgs Channel

AN-13-238
Muon Channel

AN-13-238
Electron Channel

[Use for Cross Checks}

36



vy + V(j)

@ Pretty much hopeless

Signal, m =130 GeV
Signal, mi']:200 GeV

\\\\.\\\\' —

CMS Unpublished L=19.5fb" s=8 TeV

103 L L L L N, -
® Data -

e O ~ Background estimate |

& - SM Higgs Bkg. E

Events / 10 GeV
3,

10 , -
ASNSNNNNANGNNNNNNRN ;
1 —~
I e
\\%
10! e -
s 2
g % (l);i ;} ol Q. x\xxsxxn\\\\\\\\\\\ RN \\ \\\\\\\\
0 20 40 60 80 100 120 140

ET 55 (GeV)
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vy + leptons

Very low efficiency — but very clean — room for unexpected signals
pT > 15 GeV, more then 0.3 away from photons

@ for electrons, also veto e-photon mass around Z

Use MET for hh/hZ and MT for hW

CMS L= 195fb‘ \s 8TeV CMS L= 195fb‘ EE 8TeV
> ARSI ' RERERE %14"'|"'|"| '
o b6 — O) B B
o % YY + W + Data . o 12l YY + € + Data
o 5 Non-higgs SM bg 7 > | Non-higgs SM bg |
S [77] SM higgs ] § 101 [T7] sM higgs -
T 4/ Signal . wer * Signal 1
% ... hW, m_=130 GeV- 8- __ hw, m =130 GeV
x -
3_//////// ____ hh, m 130@8\/_ 61 _ hh, mx 130GeV
E / _________ _ hz m -130 GeV— ? ____hz, mi =130 GeV |
2= /// i 4
i % .

A

1 2 /
"""""""""""""""""" . RXLLLLLL)///%
C 0 i
0 | P | .
c 6 S g__ .
S] o <S5 - ‘
gls of E T 4 =
S 4E E Qe 3 + E
o 3= ® = o 2 —
o o * . — 12%%4 z
3 [ ] g 224 020 40 60 80 100 120 140 160 180
0 20 40 60 780 100 120 140 160 180

M. [GeV] M; [GeV]
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vy + h(bb)

@ Re-optimize b-tag

@ HST -> scalar sum pT of both Higgs

candidates
CMS

Events / GeV

L=19.5fb’ \s=8TeV

L I
T

6_IIIII

IlIlllllllllllllIllllllllllllll

¢ Data Medium b-tags;

= Sideband fit
- Signal, m =130 GeV
X1

III||llIlIIII|III||I|IIIII

Illlllllllllllll[_

100 110 120 130 140 150 160 170

S bin (GeV)

SM background Data hhevents, m 20 = 130 GeV
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Another angle on HH/HZ final states

@ even harder: no MET

@ multileptons and diphoton+tau / e / u

HIG-13-025
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Another angle on HH/HZ final states

N. Craig et al arXiv:1207.4835

@ even harder: no MET

@ multileptons and diphoton+tau / e / u

HIG-13-025

tanf
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Higgs in Top

N. Craig et al PRD 86 075002 (2012)

@ A complementary way to probe tiny BSM Higgs
couplings: use huge top production cross section

@ i.e. FCNC t—Hc

most sensitive channels with H— yy + e/u

Q d | phOtonS have the E5 [GeV] | Nyjets | data | background | signal | efficiency [10~]
cy e 50-100 >1 | 1 | 23+12 [2.88+0.39 31+04
best SenS|t|V|ty 30-50 >1 | 2 | 11£06 |216=+030 24403
0-30 >1 | 2 | 21+11 |1.76+0.24 19403
- - 50-100 0 7 | 95444 |222+031 24403
@ limit FV COUpllngS >100 | >1 | 0 | 05+04 |092+014| 10+02
‘ , > 100 0 1 | 22+10 |094+017 1.0 £0.2
VIR 4 [AH]2 < 014
HIG-13-034
Higgs Decay Mode observed | expected 1o range
H > WW*  (B=231%) 158% | 157% | (1.02-2.22)%
H— 1T (B =6.15%) 7.01% 499% | (3.53-7.74) %
H— ZZ* (B =2.89%) 5.31% 411% | (2.85-6.45) %
combined multileptons (WW*, 7, ZZ*) | 1.28% 1.17% | (0.85-1.73) %
H— vy (B =0.23%) 0.69 % 0.81% | (0.60-1.17) %
combined multileptons + diphotons ~ (_0.56 % 0.65% [)(0.46-0.94) %




Summary

@ Higgs was a huge discovery
@ a completely new type of field (scalar with non-zero vev)

@ Understanding the nature of the Higgs potential is
the next undertaking of particle physics
@ Higgs measurements
@ searches for more scalars
@ searches for new Higgs production mechanisms (i.e. in
SUSY cascades)
@ Di-photon decay mode, despite its low branching, is
a good or the best way to look once a lot of
statistics is gathered

Run 2 and HL-LHC should be a lot of fun
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LHC exploration only just
begun!

Time after

Temperature Ener
the Big Bang P i

of the universe

An amazingly
interesting I
place to be P mcer

48 Yuri Gershtein, FNAL W&C March 2014



