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Extension of the Standard Model: Introduce a new symmetry 
Spin ! matter particles (fermions)  !  Spin 1 force carriers (bosons) 
Standard Model particles SUSY particles 

New Quantum number: R-parity:  =  +1  SM particles 
    - 1  SUSY particles  R-parity conservation:  

•! SUSY particles are produced in pairs 
•! The lightest SUSY particle (LSP) is stable  

Supersymmetry!

56"7%3$8&94:;37&<"0=>"34437)&?@A&*+'(&
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4.2 Mass of the observed state 9

4.2 Mass of the observed state

To measure the mass of the observed state, we use the ZZ ! 4` and gg channels that have
excellent mass resolution (Table 1). Figure 1 (left) shows 2D 68% CL regions for the two pa-
rameters of interest, the signal strength modifier µ and the mass mX, for these channels. The
combined 68% CL contour shown with a black line in Fig. 1 (left) is calculated assuming the SM
Higgs boson relative event yield between the two channels, while the overall signal strength is
left as a free parameter.

To extract the value of mX in a model-independent way, the signal strength modifiers for the
gg ! H ! gg, VBF+VH! gg, and H ! ZZ ! 4` processes are assumed to be independent
and, thus, not tied to the SM expectation. The signal in all channels is assumed to be due to a
state with a unique mass, mX. The mass mX and its uncertainty are extracted from a scan of the
combined test statistic q(mX) with the three signal strength modifiers profiled in the same way
as all other nuisance parameters. Figure 1 (right) shows the scan of the test statistic as a function
of the mass mX for the two final states separately and their combination. The intersections of
the q(mX) curves with the horizontal thick line at 1 and thin line at 3.8 define the 68% and 95%
CL intervals for the mass of the observed particle, respectively. These intervals include both
statistical and systematic uncertainties. The 68% CL interval is mX =125.7 ± 0.4 GeV.

To evaluate the statistical component of the overall error, we also perform a scan of the test
statistic q(mX) with all nuisance parameters fixed to their best-fit values. The result is shown by
the dashed line in Fig. 2. The crossings of the dashed line with the thick horizontal line define
the statistical error (68% CL interval) in the mass measurement: mX = 125.7 ± 0.3 (stat.) GeV.
Assuming that the total error is the sum in quadrature of the statistical and systematic compo-
nents, we extract a systematic error of ±0.3 (syst.) GeV. Therefore, the final mass measurement
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Figure 1: (Left) The 68% CL contours for the signal strength s/sSM versus the boson mass mX
for the gg and 4` final states, and their combination. The symbol s/sSM denotes the production
cross section times the relevant branching fractions, relative to the SM expectation. In this com-
bination, the relative signal strength for the two decay modes is constrained by the expectation
for the SM Higgs boson. (Right) 1D-scan of the test statistic q(mX) = �2 D ln L versus the boson
mass mX for the gg and 4` final states separately and for their combination. In this combination
three independent signal strengths, gg ! H ! gg, VBF+VH! gg, and H ! ZZ ! 4`, are
profiled together with all other nuisance parameters.
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Figure 8: The 68% CL contours for individual channels (coloured swaths) and for the over-
all combination (solid line) for the (kV, kf) parameters. The cross indicates the global best-fit
values. The thin contour shows the 95% CL range for the combination. The yellow diamond
shows the SM point (kV, kf) = (1, 1). The left plot shows the likelihood scan in two quadrants
(+,+) and (+,�), the right plot shows the positive quadrant only.

Figure 9: The 2D likelihood scan for the kg and kg parameters, assuming that GBSM = 0, i.e.
no new Higgs boson decay modes are open. The cross indicates the best-fit values. The solid,
dashed and dotted contours show the 68%, 95% and 99.7% CL regions, respectively. The yellow
diamond shows the SM point (kg, kg) = (1, 1). The partial widths associated with the tree-level
production processes and decay modes are assumed to be unaltered (k = 1).

µ(f(7Xh7(m(7X6[((
!! h3#4:#:F43&0=1/#3&H67&/3L&iJKFFN&73$"4%V&µ&j&'-'R&k&+-g*& &'-++&k&+-R+&

?(f(61]Xg(m(7XZ(m(7XZ(_'`((
!! 7X]d(=-';<4</+(*0-'*,8(

7rr(<4(=-'>'--',(/3'-(1rrV(7Br(*)(1Xh, ZXZ#, -'4=';)<3'08(

,-
&./

01
/2

34
1&

&!
"#

$ 5?Zh&!C7:4&'R)&*+'(&

(f(7Xh7(m(7X6[(((f(7Xh7(m(7X6[((
µ=0.80±0.14 

V!!

J.^S'(S++R&



!
"#

"$
%&&

'(
)&&

*+
'(

&&Y
zu

rd
ia

ga
 C

ha
ir

 In
au

gu
ra

tio
n 

   
   

   
 U

C
 S

an
ta

 B
ar

ba
ra

 
 ,-

&./
01

/2
34

1&
&!

"#
$&

:%o:#(;/+4<4)'+)(C<)&(".#(*+,()&'(#.((

µ=0.80±0.14 µ=1.30±0.20 

22 

!
"#

"$
%&&

'(
)&&

*+
'(

&&Y
zu

rd
ia

ga
 C

ha
ir

 In
au

gu
ra

tio
n 

   
   

   
 U

C
 S

an
ta

 B
ar

ba
ra

 
,-
&./

01
/2

34
1&

&

9$@$A:IHD$T$;HUK3&'&N$T$;HUK323&N$E#F$(
22 22 

9$@$A:IHI$$T$$;H:$B;HI
?;HV$E#F$



!
"#

"$
%&&

'(
)&&

*+
'(

&&Y
zu

rd
ia

ga
 C

ha
ir

 In
au

gu
ra

tio
n 

   
   

   
 U

C
 S

an
ta

 B
ar

ba
ra

 
 ,-

&./
01

/2
34

1&
&!

"#
$&

:(A<H(+'C4(C''Mn(

1Z(

:(A<H(+'C4(C''Mn(:(A<H(+'C4(C''Mn(:(A<H(+'C4(C''Mn(:(A<H(+'C4(C''Mn(

1Z(



!
"#

"$
%&&

'(
)&&

*+
'(

&&Y
zu

rd
ia

ga
 C

ha
ir

 In
au

gu
ra

tio
n 

   
   

   
 U

C
 S

an
ta

 B
ar

ba
ra

 
 ,-

&./
01

/2
34

1&
&!

"#
$&

LHC Nobel Symposium,15 May ‘13

Guido Altarelli
Roma Tre/CERN

The Higgs: 
so simple yet so unnatural
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c&'-'(,/(C'(4)*+,(+/CS(

]^-&!4%17344:V&=%%C$Vll:/2:06-037/-0=l06/H373/03W:$C418-C8P06/H.2j*(dRf'&&

mH ~ 126 GeV is compatible with the SM and also 
with the SUSY extensions of the SM

mH ~126 GeV is what you expect from a direct interpretation
of EW precision tests: no fancy conspiracy with new physics 
to fake a light Higgs while the real one is heavy 
(in fact no “conspirators” have been spotted: no new physics)

Strumia

Is it really the SM Higgs boson?

Precise measurement of couplings
Confirm JPC=0++

Heavier Higgs-like particles? 2HDM, MSSM?

The next challenge!

A malicious choice! mH = 125.6 ± 0.4 GeV

E-'4'+)*)</+4s,<4;@44</+4(Kh6F34&
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The precise measurements of Higgs couplings are crucial
in order to determine to what extent it is SM

+ ...

Contino

It would really be astonishing if no deviation from the SM
is seen!

a ~ hVV
c ~ hff

A33&%14D&F8&̂ -&!4%17344:V&=%%C$Vll:/2:06-037/-0=l06/H373/03W:$C418-C8P06/H.2j*(dRf'&&

It would really be astonishing if no deviation from the SM
is seen!
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The crisis of the naturalness principle

Has been and is the main motivation for new physics at
the weak scale

But at present our confidence on naturalness as a guiding
principle is being more and more challenged

No indirect evidence of new physics (g-2?)
No direct evidence of new physics at the LHC

Apparently some amount of fine tuning is imposed on us 
by the data. More now after the LHC7-8 results

Does Nature really care about our concept of Naturalness?
Which form of Naturalness is Natural?

A33&%14D&F8&̂ -&!4%17344:V&=%%C$Vll:/2:06-037/-0=l06/H373/03W:$C418-C8P06/H.2j*(dRf'&&
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Two independent reasons to consider it:
1. Add an extra contribution to m2

hh = m2
Zc2

2� + �2
t + �2v2s2

2�

2. Alleviates fine tuning in v for       and moderate� � 1 tan�
dv2

dm2
Hu

|NMSSM � �

�3
cot 2� versus dv2

dm2
Hu

|MSSM � 4
g2

mt̃1 < 1.2 TeV

mg̃ < 3 TeV

Gherghetta et al 2012

green points have better than
5% “combined” fine-tuning and
�mess = 20 TeV in the scale
invariant NMSSM

Fayet 1975

thus allowing for lighter stops

]Z-&<17F:37:V&&=%%C$Vll:/2:06-037/-0=l06/H373/03W:$C418-C8P06/H.2j*(dRf'&&

1. Add an extra contribution to T.##.('W*?=0'(
S&Z-&<17F:37:]&

Fayet 1975
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tan�2. Alleviates fine tuning in v for       and moderate2. Alleviates fine tuning in v for       and moderate�2. Alleviates fine tuning in v for       and moderate2. Alleviates fine tuning in v for       and moderate�2. Alleviates fine tuning in v for       and moderate2. Alleviates fine tuning in v for       and moderate12. Alleviates fine tuning in v for       and moderate tan
dv2

2. Alleviates fine tuning in v for       and moderate
2

2. Alleviates fine tuning in v for       and moderate
dm2

Hu

|NMSSM � �

�3
cot 2� versus dv2

2. Alleviates fine tuning in v for       and moderate
2

2. Alleviates fine tuning in v for       and moderate
dm2

Hu

|MSSM � 4
g2

green points have better than
5% “combined” fine-tuning and

thus allowing for lighter stops
2. Alleviates fine tuning in v for       and moderate2. Alleviates fine tuning in v for       and moderate tan
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e!(4)-*)'H8(@=,*)'(,/;@?'+)w(
The discovery of the Higgs boson is the start of a major 
programme of work to measure this particle’s properties with 
the highest possible precision for testing the validity of the 
Standard Model and to search for further new physics at the 
energy frontier. The LHC is in a unique position to pursue this 
programme. Europe’s top priority should be the 
exploitation of the full potential of the LHC, including 
the high-luminosity upgrade of the machine and 
detectors with a view to collecting ten times more data 
than in the initial design, by around 2030. This upgrade 
programme will also provide further exciting opportunities for 
the study of flavour physics and the quark-gluon plasma.(

* Approved May 2013 by Council 39 39 56"7%3$8&E-&Z6$$:&
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