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Outline for Today... JPC

Other (Bronze) Channels
Detailed study on Couplings
Higgs width

Invisibly decaying Higgs
Higgs and Vacuum Stability
Hierarchy Problem & SUSY
Search for other Higgs

Exotics to keep an eye on

What to expect in 2015 -- ? Disclaimer: completely unbalanced

set of results from CMS and ATLAS



Higgs Couplings to SIVI PPk - - v
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Couplings proportional to masses of particles
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Higgs Production (LHC)  For a Higgs of 125 GeV
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Higgs Program in a Glance
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Global Understanding
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Detailed Study of Couplings
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Using EFT Lagrangian in Global Fit
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One can build the relationships between different
scale factors according to the different processes...




Higgs Production Modes

Kk for m, =125.5 GeV
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B-quark Assoc. Prod. ~5 k evts produced

LNCHIGGS X8 WG 2913

Gluon fusion process
- — H NNnLO ~O(10%)

~0.5 M events produced

K, ¢ 1.x06K; —0.07 x k,x, +0.01x x,

q Vector Boson Fusion
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Two forward jets and a large rapidity gap

~40 k events produced
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W.Z ~20 k events produced
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Higgs Decay Channels
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So close to 1...
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Higgs Couplings vs mass

19.7 fo' (8 TeV) + 5.1 fb' (7 TeV)
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Custodial Symmetry (W/Z ratio)
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Diphoton selection
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Diphoton selection
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data / prediction

Going differential...
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Higgs width

Sensitive to small contributions

[, (SM) = 42 MeV
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HTO powered by complex - pole - scheme
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Invisibly decaying Higgs




Invisible Higgs

N

LENLEN DL L LA L L L L L AL LA DL L B
ATLAS L] Data q

\s=8TeV,|Ldt=20310" 22~ ¢ow(inel. v
oBr_ /0™ <1.8 @ 95% CL

-
o
w

ZH = ¢¢ +inv. B vz - cvecineln)
B v cicp. i Wz
-

W+ jets, multijet, semilep. top

-
(@}
™

Events / 30 GeV

—_
o

ZH = ¢¢ +inv, BR(H > inv.) = 1

CMS Preliminary ys=8TeV, L=18.9 fb’

1 I 1 l I 1 I 1 I 1 I 1 1 I 1 I 1 1 I 1 1 1 I

V

Z(— bb) H(— inv) —e— Observed
---- Expected
[ ] Expected = 16
[ ] Expected+ 2o

_k
[$ NS )

o

Data / Expected

700 150 200 250 300 350 400 450
E™ [GeV]

BR (invisible) < 75% @ 95% CL

T T T | T T
— Observed
Expected

I L

|

=
]
I
N
-
<
g
aC
(8]
x
I
N
c
o
=
E
-
@
32
wnH
(o))

i ATLAS
- \s=7TeV,[Ldt=451"

\s=8TeV,[Ldt=2031"
ZH - ¢¢ + inv.

lllllllllllllllllllllllllllll]llll
IIIIIIIIIIIIIIIIIIIIIIII

llll Illl Illllllll
ST SO NN S S N

| Y 110 120 130 140 150
0.2 0.4 0.6 BO:(H_) ) mH [GeV]

O—+||||||




g

Invisible Higgs
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Evidence for Dark Matter

The rotation of the stars around the | y e B
center of the galaxies is not consistent & _Grdvitational Lensing
with the amount of mass observed ' ‘ °* "

(L/M ratio)g
Spherical dark matter halo

v (Km/s)

observed P » . . y
Farge distortion of the imagines of distant
galaxies due to gravitation lensing-

| expected 9 |nd|cat|on of DM in galaxy clusters
. from e
= TT=L___ luminous disk CoII|S|on9 i cl,psters QCgaIaxIes s W

e o

10 (e

057 M33rotation curve
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NewtonsLaW Ca e A % aXl s,




Dark Matter
(mass ~ GeV —TeV)

Higgs Portal

recoil energy
(tens of keV)

The limits on invisibly decaying Higgs
can be re-interpreted in the context of
SM — DM interactions via light Higgs
mediators

phonons

ATLAS
\s=7TeV, |Ldt=4.5fb"
\s=8TeV, |Ldt=20.3 fb”

Higgs-portal Model

e ///// i li:?’

i

.
.¢'

- Note the LHC results
,,,,,,,,,,,,,,,,,,, R provide unique access to

o e T light DM range ( <10 GeV)

1 10 102 10°

DM Mass [GeV]




Higgs Portal

Assuming different kind of DM — Higgs Interactions
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If too large it becomes
non-perturbative

If too negative destabilizes
the EWK vacuum

M, =125GeV — A = 0.13

meta-stable vacuum

d\ ‘ ‘ 3, 3 .45 9,
327r2E = 24\ — (3¢"% + 9¢° — 24yH)\ + gg”‘ + 7 9”9 + §g4 @

(t=In(Q?/Q3), y; = m;/v — top quark Yukawa coupling).
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Higgs quartic coupling A
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Higgs vs Vacuum Stability

30 bands in
M, =173.1 = 0.6 GeV (gray)
as(Mz) = 0.1184 = 0.0007(red)
M; = 1257 = 0.3 GeV (blue)
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Planck Planck Planck

What this really means ?

Large dependence on top and Higgs masses
Assumes no BSM physics enters in the RGE

This really means that the SM is consistent
all the way to the Planck scale..

Do not worry .. Lifetime probably larger than
the age of the Universe.



Hierarchy Problem

From EWK to Planck scale ?

<H>=174 GeV — m’ ~ O(-100 GeV?)

(-
o _ I [ 2
Amy, = 1o —I o [-2A%, + 6mZIn(Ay, /m.) +..]

if Ayy ~ M — fine tuningin 101!
~ A=5TeV .
. ¢ o Already a serious problem at 5 TeV scale
1 = £ F (cancellation among top, gauge and Higgs loops)
0.5 - z S

| This kind of conspiracy has name in Physics...

-1
-1.5
-2

relative contributions to AM;

(taken from C. Quigg, hep-ph/0704.2232) S u p e I" Sym meT r.y ?




SuperSymmetry in 30"

Double Spectra of Particles

‘Fermion/Boson symmetry Stirdard varticles SUSY particles

Q | fermion > =| boson >
Q | boson > =| fermion >

‘Exact cancellation between
fermion & boson loops for Higgs

Quarks @ oo @ Force particies Squarks ) Steptons ) SUSY force

O/ boson v~ fermion el
X + —“< )A_ =1 .will mix to form mass eigenstates..
{':::3 | Higgs sector with 2 doublets

 boson  gaugino

; H,.H,—— h,H,A,H’

.SUSY must be broken..... model-dependent phenomenology



Unification of Forces...

Forces Merge at High Energies Forces Merge at High Energies
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M (GeV)

SUSY candidate for Dark Matter

800 Picture taken after Tevatron 1.
' and before LHC era

Squarks and Gluinos are heavy

TG e ‘ 2. mixing of third generation leads
) ')'R’ —*—, to light stop and sbottom
o00r 5 T 0 :
i # Y 3. X1 good candidate for Dark Matter
HT " N
- AT X4, X3

— }.. T ‘ -'[: o »
1 5 X3 5% visoifeuey

\ 259 Dark Matter

B f{.Tg__ X! 0 =t
e X2:X1
200-. .
- TR _|
e

L1 1 | L1 1 I L1 1 | L1 1 | L1 1
18/09/14 J=0 J=1/2

4. One higgs is very light ( < 135 GeV)
39



Taken from T. Rizzo

SUsYzoo

SUSY is not a single
model but a very large
theoretical framework

SUSY

Dirac
gauginos

mMSUGRA




”Natu.ral SUSY in 1984”

SPECTRUIM.

» ’ ‘-[,3»
" ) . - I/J L ————
1S CongNAnE : A

?
j — ' 4
3 v
— {
Pat \ F ‘
y l’:‘lg PR IR

' LA :

. MLass

N l_.’,,. !{\;‘l P

ass




“Natural SUSY 2012”
Q:’;P:"’j /ﬂw TF Ejré;’“

[So0 \\, N h_O B \_\-‘I_I o ho \\\T'/l ho
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~ ~ m 2
T t“'R"LL TH=_|»”| +...+0my
\ ) B
v 3y; A
2| o 2,2 2 2
. N omy p = g2 (mQ; + My, +|A,| )ln(TeV)
2 z 2y (a 2 A
. ~ om> a2 % g P2 22
unaw"J“u" %:75: (Hg—:") ) (l'_r%) e 2 (” )I : (TeV)
t J
N. Arkani-Hamed talk at CERN Oct. 2012 _ [ cost: sind, 27
to —sin @; cos6, tr
—> Light higgsinos
b One light stop and sbotton I 7
~ Light stop (t, < 1 TeV) ....rest of sparticles can be kR
decoupled....

—> Light gluinos (< 1-2 TeV)

(same weak isospin multiplet)



b

y ) <. Direct Stop/Sbottom

L
b, = b x B
5 r s ;Y ¢ In the scenario with TeV gluinos / squarks (1st/2nd generations)
! T . All'the attention is put now in searches for stop/sbottom
b, = b ,°— b h(Z) ,° Multiple channels according to the decays

0 50100150200250300350400450500
m(t,) [GeV]
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Summary Searches for Stop

(different mass hierarchies, simplified models)

tt, production, t,—> b f £ %, / t,—> c X, /> Wb X, / t,—> t X Status: ICHEP 2014
N I I N N Y L S Y I N Y N L N N B I N L N N O
ATLAS Preliminary L =201"Vs=8TeV L, =4.7f"\s=7 TeV
== £1—> t %O OL [1406.1122] 0L [1208.1447]
== t—t X 1L [1407.0583] 1L [1208.2590]
~ ~0
Nt oty o 2L [1403.4853] 2L [1209.4186]
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s b Py OL [1407.0608], 1L [1407.0583]
—— Observed limits ==== Expected limits
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Hard to believe in SUSY if the
Higgs sector stays with just h,

...Looking for extra Higgs particles ...



MSSM Higgs

H,,H,—— h,H,A and H”
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MSSM Higgs

CMS 2011,L=4.0 fb",Ns=7 TeV
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H* = cs

H* = cs signal SM tt background

Expressed in terms of limits on BR in top decays

CMS Simulation, 8 Te
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