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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHY IS THE SM SO SUCCESSFUL 50 YEARS LATER?

“OF COURSE OUR MODEL HAS TOO MANY 
ARBITRARY FEATURES FOR THESE PREDICTIONS 

TO BE TAKEN VERY SERIOUSLY, … “
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHY IS THE SM SO SUCCESSFUL 50 YEARS LATER?

▸ Based in the simplest gauge symmetries: SU(3)xSU(2)xU(1) 
▸ Also the flavour sector very symmetric (GIM)  

▸ The “natural” theory at “low” energies (below the TeVs) 

▸ We should expect that it will break at high energies: departure 
scale undetermined  

▸ The solution is not necessarily more symmetry (SUSY*), rather 
less symmetry at high energies? 

* J. Bernabeu: “Excess of symmetry leads to more 
parameters, if all the terms are symmetric by themselves.”
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?
▸ LHC results suggest that new physics will appear as a gentle 

deviation from the SM predictions / rare events suppressed in 
the SM 

▸ The quest for precision is at the forefront for new discoveries  

▸ Very unlikely to be visible in inclusive observables or total decay 
rates of known particles: the bulk of the contributions at “low 
energies”, the characteristic hard scale is “low energy”
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NO CLEAR BSM SIGNAL AT THE LHC SO FAR

WHERE TO EXPECT A BSM SIGNAL?
▸ Higher chances at the          

tail of differential distributions 
(not necessarily a clear bump)
• high pT 
• high invariant mass 
• boosted objects

• lower statistics  
• more sensitive to theory / higher theoretical 

uncertainties due to missing higher orders 
• fake BSM  by missing higher order corrections

▸ “high energy” characteristic 
hard scale
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ONE OF THE MOST PRECISE MEASUREMENTS

Eur.Phys.J. C76 (2016) no.5, 291; arXiv:1512.02192

▸ pT distribution 
for the Z boson 

▸ Precision 
decreases 
dramatically at 
high pT

±1%
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10%, 20%, 50% IS THE 
MOST COMMON 
UNCERTAINTY FOR 
HADRONIC COLLISIONS

 Czakon et al., arXiv:1803.07623
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PRECISION IS ABOUT  
MULTI-LOOP FEYNMAN 

DIAGRAMS

BUT NOT ONLY
▸ subtraction of IR singularities 
▸ all orders resummation of large logs    
▸ proton is not elementary (collinear 

factorization, PDF …)

▸ Complexity grows with the number of 
scales (loops, legs, masses) 

▸ That´s why most recent developments 
try to circumvent the use of (loop) 
Feynman diagrams: e.g. Generalized 
Unitarity, recursion relations

1918
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Figure by G.P. Salam

STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary 
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes 
▸ Many 2➔2 processes at NNLO (since 2015), current frontier is 2➔3
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STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary 
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes 
▸ Many 2➔2 processes at NNLO (since 2015), current frontier is 2➔3

e.g. dijet production 
data prefer NNLO
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STUNNING PROGRESS IN THEORETICAL CALCULATIONS IN THE PAST YEARS
▸ NLO revolution (2010-2011) leading to automation in event generators 

✦ first serious order because protons are not elementary 
✦ thanks to a better understanding of the mathematical beauty of scattering 

amplitudes 
▸ Many 2➔2 processes at NNLO (since 2015), current frontier is 2➔3  
▸ N3LO ggH (2➔1): 5% th+3% (PDF-     ) [Anastasiou et al. (Dulat´s talk)][see also talk by T. Neumann]↵S
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▸ NNLL resummations 
▸ NLO + PS 
▸ First attempts towards NNLO+PS 
▸ EW cannot anymore be ignored 
▸ Power corrections 
▸ Finite width effects of unstable 

particles 
▸ better PDF, strong coupling
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PROTON NOT ELEMENTARY

HIGHER ORDERS IN BSM SEARCHES

HH@NLO QCD within  
non-linear EFT framework

G. Heinrich, Loops and Legs in QFT, May 2018

gg+qg

▸ because protons are not 
elementary QCD corrections 
may modify substantially BSM 
predictions  

▸ typically granting less room for 
BSM

see also talk by I. Lewis
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FROM SCATTERING AMPLITUDES TO CROSS SECTIONS

SUBTRACTION OF IR SINGULARITIES
▸ Subtraction of IR singularities at NLO is solved: efficient algorithms applicable 

to any process for which matrix elements are known 
▸ At NNLO several working algorithms, successfully applied to “simple” 

processes with up to four legs. Heavy computational costs

▸ Antennae Subtraction [Gehrmann et al.] 

▸ Stripper [Czacon et al.] 

▸ Nested Soft-Collinear Subtraction [Caola et al.] 

▸ Colourful Subtraction [Del Duca et al.] 

▸ N-Jettiness [Boughezal, Petriello et al., Gaunt et al.] 

▸ qT Substraction [Catani, Grazzini et al.] 

▸ Projection to Born [Bonciani et al.] 

▸ Geometric Substraction [Herzog] 
▸ Unsubtration [Driencourt-Mangin, Hernández-Pinto, Sborlini, GR]
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MOTIVATION FOR UNSUBTRACTION

QFT NOT OPTIMAL

▸ SM extrapolated to infinite energy in loop corrections >> 
MPlank 

▸ Quantum state with N partons not = quantum state with 
zero energy emission of extra partons 

▸ partons can be emitted in exactly the same direction (not 
enough space)

modify the number of 
space-time dimensions 

to d=4-2e
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THE LOOP-TREE DUALITY THEOREM (LTD)
[Catani et al. 2008]

One-loop integrals and scattering amplitudes in any relativistic, local and unitary QFT 
represented as a linear combination of N single-cut phase-space integrals 
(at higher orders: number of cuts equal to the number of loops) 

�̃(qi) = i 2⇡ ✓(qi,0) �(q
2
i �m2

i )

GD(qi; qj) =
1

q2j �m2
j � i0 ⌘ kji

kji = qj � qi

⌘µ = (1,0)

Z

`

Y
GF (qi) = �

XZ

`
�̃(qi)

Y

j 6=i

GD(qi; qj)

‣                                                                 sets internal line on-shell, positive energy mode 

‣                                                                   dual propagator, 

‣ LTD realised by modifying the customary +i0 prescription of the Feynman propagators 
(only the sign matters), it compensates for the absence of multiple-cut contributions that 
appear in the Feynman Tree Theorem 

‣ best choice                          : energy component integrated out, remaining integration in 
Euclidean space                                                         

THE THEORETICAL FRAMEWORK



G
. R

od
rig

o,
 P

A
SC

O
S2

01
8

SINGULARITIES IN THE LTD FRAMEWORK

energy of the on-shell 
propagator larger than the energy 

of the emitted particles 

energy of the on-shell 
propagator smaller than the energy 
of the emitted particles 

this propagator on-shell

✦ Threshold singularities occur when 
a second propagator gets on-shell: 
consistent with Cutkosky

✦ It becomes collinear (soft) when a 
single massless particle is emitted

✦ Virtual particle emitted and absorbed 

✦ Potential singularities cancel in the sum of all 
the single-cut contributions

✦ Expected to be suppressed. If it is not 
sufficiently suppressed, we renormalise

✦ The bulk of the physics is in the “low” 
energy region of the loop momentum
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IR UNSUBTRACTION (FDU): MULTI-LEG
▸ The dual representation of the renormalised (UV subtracted locally) loop cross-section: 

one single integral in the loop three-momentum  

▸ A partition of the real phase-space 

▸ The real contribution mapped to the Born kinematics + loop three-momentum  
(inspired by the factorization properties of QCD to built the mapping) 

▸ At NNLO: the RV and RR contributions mapped to the Born kinematics + the two 
independent loop three-momenta

Sborlini, Driencourt-Mangin, Hernández-Pinto, GR, JHEP 1608, 160

Z

N+1
d�(1)

R =

Z

N

Z

~̀
1

X

i

Ji(qi)Ri({p0j}) |M
(0)
N+1({p

0
j})|2

���
{p0

j}N+1!(qi,{pk}N )
<latexit sha1_base64="c4q7IX8qcxxULKFw/QNBJJs3DJw="></latexit><latexit sha1_base64="c4q7IX8qcxxULKFw/QNBJJs3DJw="></latexit><latexit sha1_base64="c4q7IX8qcxxULKFw/QNBJJs3DJw="></latexit><latexit sha1_base64="c4q7IX8qcxxULKFw/QNBJJs3DJw="></latexit>

Z

N
d�(1,R)

V =

Z

N

Z

~̀
1

2Re hM(0)
N |

✓X

i

M(1)
N (�̃(qi))

◆
�M(1)

UV(�̃(qUV))i
<latexit sha1_base64="/t/0DFrzwcZyw177XfQrlZM4RCg="></latexit><latexit sha1_base64="/t/0DFrzwcZyw177XfQrlZM4RCg="></latexit><latexit sha1_base64="/t/0DFrzwcZyw177XfQrlZM4RCg="></latexit><latexit sha1_base64="/t/0DFrzwcZyw177XfQrlZM4RCg="></latexit>

X

i

Ri({p0j}N+1) = 1
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<latexit sha1_base64="rhTUTKRE45+dNOtGJjxCavW2aj8=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0naMZMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSKmji4=</latexit><latexit sha1_base64="rhTUTKRE45+dNOtGJjxCavW2aj8=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0naMZMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSKmji4=</latexit><latexit sha1_base64="rhTUTKRE45+dNOtGJjxCavW2aj8=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0naMZMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSKmji4=</latexit><latexit sha1_base64="rhTUTKRE45+dNOtGJjxCavW2aj8=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0naMZMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSKmji4=</latexit>

`1,z
<latexit sha1_base64="YkooW6n8IlxCViVQGIW8ICIwv7k=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0nZMcMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSWkjjA=</latexit><latexit sha1_base64="YkooW6n8IlxCViVQGIW8ICIwv7k=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0nZMcMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSWkjjA=</latexit><latexit sha1_base64="YkooW6n8IlxCViVQGIW8ICIwv7k=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0nZMcMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSWkjjA=</latexit><latexit sha1_base64="YkooW6n8IlxCViVQGIW8ICIwv7k=">AAAB63icbZDNTgIxFIXv4B/iH+rSTSMxcWHIjDGRJYkbl5gIGGFCOuUCDW1n0nZMcMJT6MqoO9/GF/BtLDgLBc/q6z2nyT03SgQ31ve/vMLK6tr6RnGztLW9s7tX3j9omTjVDJssFrG+i6hBwRU2LbcC7xKNVEYC29H4aua3H1AbHqtbO0kwlHSo+IAzat3ovotC9LLg7HHaK1f8qj8XWYYghwrkavTKn91+zFKJyjJBjekEfmLDjGrLmcBpqZsaTCgb0yF2HCoq0YTZfOMpORnEmtgRkvn7dzaj0piJjFxGUjsyi95s+J/XSe2gFmZcJalFxVzEeYNUEBuTWXHS5xqZFRMHlGnutiRsRDVl1p2n5OoHi2WXoXVeDfxqcHNRqdfyQxThCI7hFAK4hDpcQwOawEDBM7zBuye9J+/Fe/2JFrz8zyH8kffxDSWkjjA=</latexit>

DEGENERATE IR STATES GENERATED TOGETHER

IR SINGULARITIES AND MAPPING REGIONS: E.G. 1 TO 2    

1 ! 2

‣ integrand cancellation of IR singularities: 
works in d=4 space-time dimensions

‣ there is partial cancellation of 
singularities among single-cut dual 
contributions 

‣ physics is in a region of the loop 
three-momentum which is of the 
size of the hard scale
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PROTONS NOT ELEMENTARY

COLLINEAR FACTORIZATION AT HIGHER-ORDERS
▸ Theory predictions in hadron collisions are based on factorization 
▸ long vs short distance physics: PDF+pQCD+hadronization (up to power corrections)

source:  
Butterworth et al. 2012

▸ Implicitly assumed, but not yet proven 
▸ Breaking of collinear factorization starting from N3LO [Catani, Florian, GR / Forshaw, Seymour, Siodmok 2012] 

▸ Uncanceled soft divergences from two colliding massive quarks starting from NNLO [Catani et. al 2002] 
because Block-Nordsieck not valid for non-Abelian 

▸ Protons are not SU(2) symmetric: EW corrections violate Block-Nordsieck [Ciafaloni et al. 2001], 
potentially relevant at HE-HLC/FCC

O(Mhad/Q)n
<latexit sha1_base64="fHSOiPzXhUV+A4lsDms4ffaR2a8=">AAAB/XicbVDLSsNAFJ3UV62vqjvdDBahbmoigl0W3LgRW7APaGK5mU6aoZMHMxOhhKA/oytRd/6EP+DfOK1ZaOtZnXvPuXDPcWPOpDLNL6OwtLyyulZcL21sbm3vlHf3OjJKBKFtEvFI9FyQlLOQthVTnPZiQSFwOe2648up3r2nQrIovFWTmDoBjELmMQJKrwblg9QmwPFNhqvXg9QWAfZhmJ22Tu60WDFr5gx4kVg5qaAczUH50x5GJAloqAgHKfuWGSsnBaEY4TQr2YmkMZAxjGhf0xACKp10liHDx14ksPIpns2/vSkEUk4CV3sCUL6c16bL/7R+ory6k7IwThQNibZozUs4VhGeVoGHTFCi+EQTIILpLzHxQQBRurCSjm/Nh10knbOaZdas1nmlUc+LKKJDdISqyEIXqIGuUBO1EUGP6Bm9oXfjwXgyXozXH2vByG/20R8YH9/i4JQW</latexit><latexit sha1_base64="fHSOiPzXhUV+A4lsDms4ffaR2a8=">AAAB/XicbVDLSsNAFJ3UV62vqjvdDBahbmoigl0W3LgRW7APaGK5mU6aoZMHMxOhhKA/oytRd/6EP+DfOK1ZaOtZnXvPuXDPcWPOpDLNL6OwtLyyulZcL21sbm3vlHf3OjJKBKFtEvFI9FyQlLOQthVTnPZiQSFwOe2648up3r2nQrIovFWTmDoBjELmMQJKrwblg9QmwPFNhqvXg9QWAfZhmJ22Tu60WDFr5gx4kVg5qaAczUH50x5GJAloqAgHKfuWGSsnBaEY4TQr2YmkMZAxjGhf0xACKp10liHDx14ksPIpns2/vSkEUk4CV3sCUL6c16bL/7R+ory6k7IwThQNibZozUs4VhGeVoGHTFCi+EQTIILpLzHxQQBRurCSjm/Nh10knbOaZdas1nmlUc+LKKJDdISqyEIXqIGuUBO1EUGP6Bm9oXfjwXgyXozXH2vByG/20R8YH9/i4JQW</latexit><latexit sha1_base64="fHSOiPzXhUV+A4lsDms4ffaR2a8=">AAAB/XicbVDLSsNAFJ3UV62vqjvdDBahbmoigl0W3LgRW7APaGK5mU6aoZMHMxOhhKA/oytRd/6EP+DfOK1ZaOtZnXvPuXDPcWPOpDLNL6OwtLyyulZcL21sbm3vlHf3OjJKBKFtEvFI9FyQlLOQthVTnPZiQSFwOe2648up3r2nQrIovFWTmDoBjELmMQJKrwblg9QmwPFNhqvXg9QWAfZhmJ22Tu60WDFr5gx4kVg5qaAczUH50x5GJAloqAgHKfuWGSsnBaEY4TQr2YmkMZAxjGhf0xACKp10liHDx14ksPIpns2/vSkEUk4CV3sCUL6c16bL/7R+ory6k7IwThQNibZozUs4VhGeVoGHTFCi+EQTIILpLzHxQQBRurCSjm/Nh10knbOaZdas1nmlUc+LKKJDdISqyEIXqIGuUBO1EUGP6Bm9oXfjwXgyXozXH2vByG/20R8YH9/i4JQW</latexit><latexit sha1_base64="fHSOiPzXhUV+A4lsDms4ffaR2a8=">AAAB/XicbVDLSsNAFJ3UV62vqjvdDBahbmoigl0W3LgRW7APaGK5mU6aoZMHMxOhhKA/oytRd/6EP+DfOK1ZaOtZnXvPuXDPcWPOpDLNL6OwtLyyulZcL21sbm3vlHf3OjJKBKFtEvFI9FyQlLOQthVTnPZiQSFwOe2648up3r2nQrIovFWTmDoBjELmMQJKrwblg9QmwPFNhqvXg9QWAfZhmJ22Tu60WDFr5gx4kVg5qaAczUH50x5GJAloqAgHKfuWGSsnBaEY4TQr2YmkMZAxjGhf0xACKp10liHDx14ksPIpns2/vSkEUk4CV3sCUL6c16bL/7R+ory6k7IwThQNibZozUs4VhGeVoGHTFCi+EQTIILpLzHxQQBRurCSjm/Nh10knbOaZdas1nmlUc+LKKJDdISqyEIXqIGuUBO1EUGP6Bm9oXfjwXgyXozXH2vByG/20R8YH9/i4JQW</latexit>

Q � Mhad
<latexit sha1_base64="p7+mILqtuZ29hQXWhWuMcY0iNQk=">AAAB9HicbZDNSsNAFIVv/K31L9Wlm8EiuCqJCHZZcONGaMH+QBPCZDpJh84kYWZSKaFvoitRdz6JL+DbOK1ZaOtZfXPPGbj3hBlnSjvOl7WxubW9s1vZq+4fHB4d27WTnkpzSWiXpDyVgxAryllCu5ppTgeZpFiEnPbDye3C70+pVCxNHvQso77AccIiRrA2o8CudZAXx+g+KDwp0BiP5oFddxrOUmgd3BLqUKod2J/eKCW5oIkmHCs1dJ1M+wWWmhFO51UvVzTDZIJjOjSYYEGVXyxXn6OLKJVIjylavn9nCyyUmonQZATWY7XqLYb/ecNcR02/YEmWa5oQEzFelHOkU7RoAI2YpETzmQFMJDNbIjLGEhNteqqa893VY9ehd9VwnYbbua63mmURFTiDc7gEF26gBXfQhi4QeIRneIN3a2o9WS/W6090wyr/nMIfWR/f5k6Qxw==</latexit><latexit sha1_base64="p7+mILqtuZ29hQXWhWuMcY0iNQk=">AAAB9HicbZDNSsNAFIVv/K31L9Wlm8EiuCqJCHZZcONGaMH+QBPCZDpJh84kYWZSKaFvoitRdz6JL+DbOK1ZaOtZfXPPGbj3hBlnSjvOl7WxubW9s1vZq+4fHB4d27WTnkpzSWiXpDyVgxAryllCu5ppTgeZpFiEnPbDye3C70+pVCxNHvQso77AccIiRrA2o8CudZAXx+g+KDwp0BiP5oFddxrOUmgd3BLqUKod2J/eKCW5oIkmHCs1dJ1M+wWWmhFO51UvVzTDZIJjOjSYYEGVXyxXn6OLKJVIjylavn9nCyyUmonQZATWY7XqLYb/ecNcR02/YEmWa5oQEzFelHOkU7RoAI2YpETzmQFMJDNbIjLGEhNteqqa893VY9ehd9VwnYbbua63mmURFTiDc7gEF26gBXfQhi4QeIRneIN3a2o9WS/W6090wyr/nMIfWR/f5k6Qxw==</latexit><latexit sha1_base64="p7+mILqtuZ29hQXWhWuMcY0iNQk=">AAAB9HicbZDNSsNAFIVv/K31L9Wlm8EiuCqJCHZZcONGaMH+QBPCZDpJh84kYWZSKaFvoitRdz6JL+DbOK1ZaOtZfXPPGbj3hBlnSjvOl7WxubW9s1vZq+4fHB4d27WTnkpzSWiXpDyVgxAryllCu5ppTgeZpFiEnPbDye3C70+pVCxNHvQso77AccIiRrA2o8CudZAXx+g+KDwp0BiP5oFddxrOUmgd3BLqUKod2J/eKCW5oIkmHCs1dJ1M+wWWmhFO51UvVzTDZIJjOjSYYEGVXyxXn6OLKJVIjylavn9nCyyUmonQZATWY7XqLYb/ecNcR02/YEmWa5oQEzFelHOkU7RoAI2YpETzmQFMJDNbIjLGEhNteqqa893VY9ehd9VwnYbbua63mmURFTiDc7gEF26gBXfQhi4QeIRneIN3a2o9WS/W6090wyr/nMIfWR/f5k6Qxw==</latexit><latexit sha1_base64="p7+mILqtuZ29hQXWhWuMcY0iNQk=">AAAB9HicbZDNSsNAFIVv/K31L9Wlm8EiuCqJCHZZcONGaMH+QBPCZDpJh84kYWZSKaFvoitRdz6JL+DbOK1ZaOtZfXPPGbj3hBlnSjvOl7WxubW9s1vZq+4fHB4d27WTnkpzSWiXpDyVgxAryllCu5ppTgeZpFiEnPbDye3C70+pVCxNHvQso77AccIiRrA2o8CudZAXx+g+KDwp0BiP5oFddxrOUmgd3BLqUKod2J/eKCW5oIkmHCs1dJ1M+wWWmhFO51UvVzTDZIJjOjSYYEGVXyxXn6OLKJVIjylavn9nCyyUmonQZATWY7XqLYb/ecNcR02/YEmWa5oQEzFelHOkU7RoAI2YpETzmQFMJDNbIjLGEhNteqqa893VY9ehd9VwnYbbua63mmURFTiDc7gEF26gBXfQhi4QeIRneIN3a2o9WS/W6090wyr/nMIfWR/f5k6Qxw==</latexit>

⇠ Mhad
<latexit sha1_base64="CISakwzSWyKBE6PO+vb3EUjHdig=">AAAB83icbZDNSsNAFIVv6l+tf1GXbgaL4KokIthlwY0boYL9gbaEyfSmHTqThJlJoYQ+ia5E3fkmvoBv47Rmoa1n9c09Z+DeE6aCa+N5X05pY3Nre6e8W9nbPzg8co9P2jrJFMMWS0SiuiHVKHiMLcONwG6qkMpQYCec3C78zhSV5kn8aGYpDiQdxTzijBo7Cly3r7kk90HeV5KM6XAeuFWv5i1F1sEvoAqFmoH72R8mLJMYGyao1j3fS80gp8pwJnBe6WcaU8omdIQ9izGVqAf5cvM5uYgSRcwYyfL9O5tTqfVMhjYjqRnrVW8x/M/rZSaqD3Iep5nBmNmI9aJMEJOQRQFkyBUyI2YWKFPcbknYmCrKjK2pYs/3V49dh/ZVzfdq/sN1tVEviijDGZzDJfhwAw24gya0gMEUnuEN3p3MeXJenNefaMkp/pzCHzkf39A3kMc=</latexit><latexit sha1_base64="CISakwzSWyKBE6PO+vb3EUjHdig=">AAAB83icbZDNSsNAFIVv6l+tf1GXbgaL4KokIthlwY0boYL9gbaEyfSmHTqThJlJoYQ+ia5E3fkmvoBv47Rmoa1n9c09Z+DeE6aCa+N5X05pY3Nre6e8W9nbPzg8co9P2jrJFMMWS0SiuiHVKHiMLcONwG6qkMpQYCec3C78zhSV5kn8aGYpDiQdxTzijBo7Cly3r7kk90HeV5KM6XAeuFWv5i1F1sEvoAqFmoH72R8mLJMYGyao1j3fS80gp8pwJnBe6WcaU8omdIQ9izGVqAf5cvM5uYgSRcwYyfL9O5tTqfVMhjYjqRnrVW8x/M/rZSaqD3Iep5nBmNmI9aJMEJOQRQFkyBUyI2YWKFPcbknYmCrKjK2pYs/3V49dh/ZVzfdq/sN1tVEviijDGZzDJfhwAw24gya0gMEUnuEN3p3MeXJenNefaMkp/pzCHzkf39A3kMc=</latexit><latexit sha1_base64="CISakwzSWyKBE6PO+vb3EUjHdig=">AAAB83icbZDNSsNAFIVv6l+tf1GXbgaL4KokIthlwY0boYL9gbaEyfSmHTqThJlJoYQ+ia5E3fkmvoBv47Rmoa1n9c09Z+DeE6aCa+N5X05pY3Nre6e8W9nbPzg8co9P2jrJFMMWS0SiuiHVKHiMLcONwG6qkMpQYCec3C78zhSV5kn8aGYpDiQdxTzijBo7Cly3r7kk90HeV5KM6XAeuFWv5i1F1sEvoAqFmoH72R8mLJMYGyao1j3fS80gp8pwJnBe6WcaU8omdIQ9izGVqAf5cvM5uYgSRcwYyfL9O5tTqfVMhjYjqRnrVW8x/M/rZSaqD3Iep5nBmNmI9aJMEJOQRQFkyBUyI2YWKFPcbknYmCrKjK2pYs/3V49dh/ZVzfdq/sN1tVEviijDGZzDJfhwAw24gya0gMEUnuEN3p3MeXJenNefaMkp/pzCHzkf39A3kMc=</latexit><latexit sha1_base64="CISakwzSWyKBE6PO+vb3EUjHdig=">AAAB83icbZDNSsNAFIVv6l+tf1GXbgaL4KokIthlwY0boYL9gbaEyfSmHTqThJlJoYQ+ia5E3fkmvoBv47Rmoa1n9c09Z+DeE6aCa+N5X05pY3Nre6e8W9nbPzg8co9P2jrJFMMWS0SiuiHVKHiMLcONwG6qkMpQYCec3C78zhSV5kn8aGYpDiQdxTzijBo7Cly3r7kk90HeV5KM6XAeuFWv5i1F1sEvoAqFmoH72R8mLJMYGyao1j3fS80gp8pwJnBe6WcaU8omdIQ9izGVqAf5cvM5uYgSRcwYyfL9O5tTqfVMhjYjqRnrVW8x/M/rZSaqD3Iep5nBmNmI9aJMEJOQRQFkyBUyI2YWKFPcbknYmCrKjK2pYs/3V49dh/ZVzfdq/sN1tVEviijDGZzDJfhwAw24gya0gMEUnuEN3p3MeXJenNefaMkp/pzCHzkf39A3kMc=</latexit>
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IN THE HORIZON OF THE LANDSCAPE

HL-LHC PROSPECTS

▸ statistical errors in the range 1% - 2%

LHC PHYSICS AT % PRECISION ?

100 fb-1 today 
3000 fb-1 by 2037

% PHYSICS AT THE LHC IS A GREAT CHALLENGE
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CONCLUSIONS

▸ LHC data is challenging our expectations to find BSM 

▸ The quest for precision is at the forefront for new 
discoveries 

▸ It requires to challenge our current understanding of QFT 
in many different aspects 

▸ % physics still far away (2037?), but promising landscape 
given the recent successful developments in the field 


