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INTRODUCTION
experimental & theoretical motivation



Searches for (neutral) resonances decaying 2-body

are strong discovery method at colliders

famous discoveries: 

J/ ,⌥ , Z , h ...

extensive coverage at the LHC: 

diphotons

dijets dittaus

dibosons (Z, W)

dihiggses

dileptons       (e , µ)



Coverage good for masses above 100 GeV
Why not below ?

1) Theoretical bias/motivation towards high mass (extra Higgses, Z’…) 

2) Low mass range already constrained by previous machines/prec. measurements 

3) Low mass is challenging due to the minimal triggers pT cuts …



Coverage good for masses above 100 GeV
Why not below ?

1) Theoretical bias/motivation towards high mass (extra Higgses, Z’…) 

2) Low mass range already constrained by previous machines/prec. measurements 

3) Low mass is challenging due to the minimal triggers pT cuts …

I will show that 1) and 2) are not justified assumptions  
in the specific example of  diphoton resonances and comment in the end on other cases

How to go further?

I would like to make some general comments about 3) 



diphotons

dijets dittaus

dibosons (Z, W)

dihiggses

dileptons       (e , µ)

How to go further?

2) A systematic study of light resonances  
decaying into two objects with different production mechanisms is needed!

FINAL 
STATES

PROD. single associated VBF 

+jet

…

gluon-fusion

1) The current status highly depends on the nature of the  final state 
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How to go further?

2) A systematic study of light resonances  
decaying into two objects with different production mechanisms is needed!

FINAL 
STATES

PROD. single associated VBF 

+jet

…

gluon-fusion

FOCUS OF THIS TALK

1) The current status highly depends on the nature of the  final state 



The “easy” case

of di-lepton resonances 

dileptons       (e , µ)

•as low as 10 GeV with standard triggers

Curtin,Essig,Gori,Shelton 2015

pp ! Z 0 ! l+l�
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•LHCb promises to improve @ low masses

Ilten, Soreq, Thaler, Williams, Xue 2016 

✏F 0F
<latexit sha1_base64="p7qhMEHJshaB5GV0JmmQ34tuc6U=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCILqTMiKDLolBcVrAXaIeSyZxpQzPJmGSEUvoMLt3qQ7gTtz6Dz+BLmLazsK0/BD7+cw7n5A8SzrRx3W8nt7K6tr6R3yxsbe/s7hX3DxpapopCnUouVSsgGjgTUDfMcGglCkgccGgGg9tJvfkESjMpHswwAT8mPcEiRomxlt+BRDMuBa6e4mq3WHLL7lR4GbwMSihTrVv86YSSpjEIQznRuu25ifFHRBlGOYwLnVRDQuiA9KBtUZAYtD+aHj3GJ9YJcSSVfcLgqft3YkRirYdxYDtjYvp6sTYx/6u1UxNd+yMmktSAoLNFUcqxkXiSAA6ZAmr40AKhitlbMe0TRaixOc1tCYL4XNuP9SEcF2w63mIWy9C4KHuW7y9LlZsspzw6QsfoDHnoClXQHaqhOqLoEb2gV/TmPDvvzofzOWvNOdnMIZqT8/ULg7mbkw==</latexit><latexit sha1_base64="p7qhMEHJshaB5GV0JmmQ34tuc6U=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCILqTMiKDLolBcVrAXaIeSyZxpQzPJmGSEUvoMLt3qQ7gTtz6Dz+BLmLazsK0/BD7+cw7n5A8SzrRx3W8nt7K6tr6R3yxsbe/s7hX3DxpapopCnUouVSsgGjgTUDfMcGglCkgccGgGg9tJvfkESjMpHswwAT8mPcEiRomxlt+BRDMuBa6e4mq3WHLL7lR4GbwMSihTrVv86YSSpjEIQznRuu25ifFHRBlGOYwLnVRDQuiA9KBtUZAYtD+aHj3GJ9YJcSSVfcLgqft3YkRirYdxYDtjYvp6sTYx/6u1UxNd+yMmktSAoLNFUcqxkXiSAA6ZAmr40AKhitlbMe0TRaixOc1tCYL4XNuP9SEcF2w63mIWy9C4KHuW7y9LlZsspzw6QsfoDHnoClXQHaqhOqLoEb2gV/TmPDvvzofzOWvNOdnMIZqT8/ULg7mbkw==</latexit><latexit sha1_base64="p7qhMEHJshaB5GV0JmmQ34tuc6U=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCILqTMiKDLolBcVrAXaIeSyZxpQzPJmGSEUvoMLt3qQ7gTtz6Dz+BLmLazsK0/BD7+cw7n5A8SzrRx3W8nt7K6tr6R3yxsbe/s7hX3DxpapopCnUouVSsgGjgTUDfMcGglCkgccGgGg9tJvfkESjMpHswwAT8mPcEiRomxlt+BRDMuBa6e4mq3WHLL7lR4GbwMSihTrVv86YSSpjEIQznRuu25ifFHRBlGOYwLnVRDQuiA9KBtUZAYtD+aHj3GJ9YJcSSVfcLgqft3YkRirYdxYDtjYvp6sTYx/6u1UxNd+yMmktSAoLNFUcqxkXiSAA6ZAmr40AKhitlbMe0TRaixOc1tCYL4XNuP9SEcF2w63mIWy9C4KHuW7y9LlZsspzw6QsfoDHnoClXQHaqhOqLoEb2gV/TmPDvvzofzOWvNOdnMIZqT8/ULg7mbkw==</latexit><latexit sha1_base64="p7qhMEHJshaB5GV0JmmQ34tuc6U=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCILqTMiKDLolBcVrAXaIeSyZxpQzPJmGSEUvoMLt3qQ7gTtz6Dz+BLmLazsK0/BD7+cw7n5A8SzrRx3W8nt7K6tr6R3yxsbe/s7hX3DxpapopCnUouVSsgGjgTUDfMcGglCkgccGgGg9tJvfkESjMpHswwAT8mPcEiRomxlt+BRDMuBa6e4mq3WHLL7lR4GbwMSihTrVv86YSSpjEIQznRuu25ifFHRBlGOYwLnVRDQuiA9KBtUZAYtD+aHj3GJ9YJcSSVfcLgqft3YkRirYdxYDtjYvp6sTYx/6u1UxNd+yMmktSAoLNFUcqxkXiSAA6ZAmr40AKhitlbMe0TRaixOc1tCYL4XNuP9SEcF2w63mIWy9C4KHuW7y9LlZsspzw6QsfoDHnoClXQHaqhOqLoEb2gV/TmPDvvzofzOWvNOdnMIZqT8/ULg7mbkw==</latexit>

•Below 10 GeV B factories take over



Can we go below that?

low-mass reach 
65 GeV 

The harder case

of di-photon resonances 

diphoton : 

Is there a motivation?



mass

landscape in mass + couplings

GAP RESONANCE SEARCHESFLAVOR

LHC

ALPs at colliders 
de

ca
y 

co
ns

ta
nt



mass

landscape in mass + couplings

GAP RESONANCE SEARCHESFLAVOR

LHC

ALPs at colliders 
de

ca
y 

co
ns

ta
nt

GAP in the reach between 65 and 1 GeV not covered by flavor searches!



mass

landscape in mass + couplings

GAP RESONANCE SEARCHESFLAVOR

LHC

ALPs at colliders 
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GAP in the reach between 65 and 1 GeV not covered by flavor searches!

How we fill this GAP?



MOTIVATION I: LHC can test solutions of the strong CP problem
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LHC can probe the region where the “axion quality” is solved
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Specifically for Axion-like particles of the KSVZ-type
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NEW BOUND(s)

g

g

dijets diphotons

from boosted dijets searches 

from xsec diphoton measurements Mariotti, D.R., Sala, Tobioka (‘17) 

CMS (‘17) 



Lower bound on the invariant mass

�R ⌘
p

�⌘2 +��2

Photon/jet Isolation Minimal pT cuts

m�� > �R
q
pmin
T1

pmin
T2

Lower �R Lower pmin
T



Lower �R

Boosted dijets (highly collimated) 

extra hard object to pass to trigger

Resonance can be seen in the substructure

can it 
go lower?



What is the lowest pmin
T

standard 

ISOLATION requirement

�R > 0.4

in current diphotons x-sec measurements?

background shape

effect of pT cuts

pmin
T2

= 30 GeV

pmin
T1

= 40 GeV



The efficiency of the signal does not drop to zero!

p

pmin
T2

= 30 GeV

pmin
T1

= 40 GeV

p

the signal efficiency does not drop to zero below the pT cuts!

below pT cuts  
the background has a structure so data-driven bkd. estimate are difficult 

BUT



Extend the bump searches using xsec. measurements

1) conservative bound  (no bkd knowledge) 

�S(ma) · ✏S(ma) < mBin
�� · d�

dm��
· (1 + 2�)

2) sensitivity  (uncertainty dominated by MC modelling)

�S(ma) · ✏S(ma) < mBin
�� · d�

dm��
· 2�

� = error on measure

mBin
�� · d�

dm��
= bin size · measure

3) rebinning  (shrinking the bin S/B increases)

✏S = signal efficiency
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7 TeV reach
projected at 8 TeV

rebinning 
with ECAL resolution 

conservative bound
from 8 TeV data 

N.B. An unbinned shape analysis still  
does ~5 better! 



LHC beats LEP!
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 sensitivity  limited by the systematic  
uncertainty on the MC modelling!

limited 
improvement  with LUMI! 



NEW SEARCH

diphotons

boosted diphotons to appear  with M. Low, A. Mariotti, F. Sala, K. Tobioka

+ preliminary discussions with ATLAS



A bump-hunt on the l.h.s 
of the structure?

pT1 + pT2
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A bump-hunt on the l.h.s 
of the structure?

pT1 + pT2
<latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit>

Boosting the system we can move the structure to the left!



Optimal diphoton cuts to do a bump hunt? 

From the Higgs we know 

we need a certain “window”  around the resonance 

170 GeV
<latexit sha1_base64="o0FUphwl+5fsHemMzWqFVHUSvoo=">AAACDnicbZDJSgNBEIZ74hbjFvXopTEIHiTMiBCPQQ96jGAWSMbQ01NJmvQsdNeIYZh38OhVH8KbePUVfAZfws5yMIk/NHz8VUVV/14shUbb/rZyK6tr6xv5zcLW9s7uXnH/oKGjRHGo80hGquUxDVKEUEeBElqxAhZ4Epre8Hpcbz6C0iIK73EUgxuwfih6gjM01oNTsTsIT5jSG2hk3WLJLtsT0WVwZlAiM9W6xZ+OH/EkgBC5ZFq3HTtGN2UKBZeQFTqJhpjxIetD22DIAtBuOrk6oyfG8WkvUuaFSCfu34mUBVqPAs90BgwHerE2Nv+rtRPsXbqpCOMEIeTTRb1EUozoOALqCwUc5cgA40qYWykfMMU4mqDmtnhecKbNxwbgZwWTjrOYxTI0zsuO4buLUvVqllOeHJFjckocUiFVcktqpE44UeSFvJI369l6tz6sz2lrzprNHJI5WV+/hoKcJw==</latexit><latexit sha1_base64="o0FUphwl+5fsHemMzWqFVHUSvoo=">AAACDnicbZDJSgNBEIZ74hbjFvXopTEIHiTMiBCPQQ96jGAWSMbQ01NJmvQsdNeIYZh38OhVH8KbePUVfAZfws5yMIk/NHz8VUVV/14shUbb/rZyK6tr6xv5zcLW9s7uXnH/oKGjRHGo80hGquUxDVKEUEeBElqxAhZ4Epre8Hpcbz6C0iIK73EUgxuwfih6gjM01oNTsTsIT5jSG2hk3WLJLtsT0WVwZlAiM9W6xZ+OH/EkgBC5ZFq3HTtGN2UKBZeQFTqJhpjxIetD22DIAtBuOrk6oyfG8WkvUuaFSCfu34mUBVqPAs90BgwHerE2Nv+rtRPsXbqpCOMEIeTTRb1EUozoOALqCwUc5cgA40qYWykfMMU4mqDmtnhecKbNxwbgZwWTjrOYxTI0zsuO4buLUvVqllOeHJFjckocUiFVcktqpE44UeSFvJI369l6tz6sz2lrzprNHJI5WV+/hoKcJw==</latexit><latexit sha1_base64="o0FUphwl+5fsHemMzWqFVHUSvoo=">AAACDnicbZDJSgNBEIZ74hbjFvXopTEIHiTMiBCPQQ96jGAWSMbQ01NJmvQsdNeIYZh38OhVH8KbePUVfAZfws5yMIk/NHz8VUVV/14shUbb/rZyK6tr6xv5zcLW9s7uXnH/oKGjRHGo80hGquUxDVKEUEeBElqxAhZ4Epre8Hpcbz6C0iIK73EUgxuwfih6gjM01oNTsTsIT5jSG2hk3WLJLtsT0WVwZlAiM9W6xZ+OH/EkgBC5ZFq3HTtGN2UKBZeQFTqJhpjxIetD22DIAtBuOrk6oyfG8WkvUuaFSCfu34mUBVqPAs90BgwHerE2Nv+rtRPsXbqpCOMEIeTTRb1EUozoOALqCwUc5cgA40qYWykfMMU4mqDmtnhecKbNxwbgZwWTjrOYxTI0zsuO4buLUvVqllOeHJFjckocUiFVcktqpE44UeSFvJI369l6tz6sz2lrzprNHJI5WV+/hoKcJw==</latexit><latexit sha1_base64="o0FUphwl+5fsHemMzWqFVHUSvoo=">AAACDnicbZDJSgNBEIZ74hbjFvXopTEIHiTMiBCPQQ96jGAWSMbQ01NJmvQsdNeIYZh38OhVH8KbePUVfAZfws5yMIk/NHz8VUVV/14shUbb/rZyK6tr6xv5zcLW9s7uXnH/oKGjRHGo80hGquUxDVKEUEeBElqxAhZ4Epre8Hpcbz6C0iIK73EUgxuwfih6gjM01oNTsTsIT5jSG2hk3WLJLtsT0WVwZlAiM9W6xZ+OH/EkgBC5ZFq3HTtGN2UKBZeQFTqJhpjxIetD22DIAtBuOrk6oyfG8WkvUuaFSCfu34mUBVqPAs90BgwHerE2Nv+rtRPsXbqpCOMEIeTTRb1EUozoOALqCwUc5cgA40qYWykfMMU4mqDmtnhecKbNxwbgZwWTjrOYxTI0zsuO4buLUvVqllOeHJFjckocUiFVcktqpE44UeSFvJI369l6tz6sz2lrzprNHJI5WV+/hoKcJw==</latexit>

100 GeV
<latexit sha1_base64="gcTtB93dU1PRCadXxFwuxrgP1JY=">AAACDnicbZDJSgNBEIZ7XGPcoh69NAbBg4QZEfQY9KDHCGaBZAw9PTVJk56F7hoxDPMOHr3qQ3gTr76Cz+BL2FkOJvGHho+/qqjq30uk0Gjb39bS8srq2npho7i5tb2zW9rbb+g4VRzqPJaxanlMgxQR1FGghFaigIWehKY3uB7Vm4+gtIijexwm4IasF4lAcIbGenBsu4PwhBm9gUbeLZXtij0WXQRnCmUyVa1b+un4MU9DiJBLpnXbsRN0M6ZQcAl5sZNqSBgfsB60DUYsBO1m46tzemwcnwaxMi9COnb/TmQs1HoYeqYzZNjX87WR+V+tnWJw6WYiSlKEiE8WBamkGNNRBNQXCjjKoQHGlTC3Ut5ninE0Qc1s8bzwVJuP9cHPiyYdZz6LRWicVRzDd+fl6tU0pwI5JEfkhDjkglTJLamROuFEkRfySt6sZ+vd+rA+J61L1nTmgMzI+voFeuOcIA==</latexit><latexit sha1_base64="gcTtB93dU1PRCadXxFwuxrgP1JY=">AAACDnicbZDJSgNBEIZ7XGPcoh69NAbBg4QZEfQY9KDHCGaBZAw9PTVJk56F7hoxDPMOHr3qQ3gTr76Cz+BL2FkOJvGHho+/qqjq30uk0Gjb39bS8srq2npho7i5tb2zW9rbb+g4VRzqPJaxanlMgxQR1FGghFaigIWehKY3uB7Vm4+gtIijexwm4IasF4lAcIbGenBsu4PwhBm9gUbeLZXtij0WXQRnCmUyVa1b+un4MU9DiJBLpnXbsRN0M6ZQcAl5sZNqSBgfsB60DUYsBO1m46tzemwcnwaxMi9COnb/TmQs1HoYeqYzZNjX87WR+V+tnWJw6WYiSlKEiE8WBamkGNNRBNQXCjjKoQHGlTC3Ut5ninE0Qc1s8bzwVJuP9cHPiyYdZz6LRWicVRzDd+fl6tU0pwI5JEfkhDjkglTJLamROuFEkRfySt6sZ+vd+rA+J61L1nTmgMzI+voFeuOcIA==</latexit><latexit sha1_base64="gcTtB93dU1PRCadXxFwuxrgP1JY=">AAACDnicbZDJSgNBEIZ7XGPcoh69NAbBg4QZEfQY9KDHCGaBZAw9PTVJk56F7hoxDPMOHr3qQ3gTr76Cz+BL2FkOJvGHho+/qqjq30uk0Gjb39bS8srq2npho7i5tb2zW9rbb+g4VRzqPJaxanlMgxQR1FGghFaigIWehKY3uB7Vm4+gtIijexwm4IasF4lAcIbGenBsu4PwhBm9gUbeLZXtij0WXQRnCmUyVa1b+un4MU9DiJBLpnXbsRN0M6ZQcAl5sZNqSBgfsB60DUYsBO1m46tzemwcnwaxMi9COnb/TmQs1HoYeqYzZNjX87WR+V+tnWJw6WYiSlKEiE8WBamkGNNRBNQXCjjKoQHGlTC3Ut5ninE0Qc1s8bzwVJuP9cHPiyYdZz6LRWicVRzDd+fl6tU0pwI5JEfkhDjkglTJLamROuFEkRfySt6sZ+vd+rA+J61L1nTmgMzI+voFeuOcIA==</latexit><latexit sha1_base64="gcTtB93dU1PRCadXxFwuxrgP1JY=">AAACDnicbZDJSgNBEIZ7XGPcoh69NAbBg4QZEfQY9KDHCGaBZAw9PTVJk56F7hoxDPMOHr3qQ3gTr76Cz+BL2FkOJvGHho+/qqjq30uk0Gjb39bS8srq2npho7i5tb2zW9rbb+g4VRzqPJaxanlMgxQR1FGghFaigIWehKY3uB7Vm4+gtIijexwm4IasF4lAcIbGenBsu4PwhBm9gUbeLZXtij0WXQRnCmUyVa1b+un4MU9DiJBLpnXbsRN0M6ZQcAl5sZNqSBgfsB60DUYsBO1m46tzemwcnwaxMi9COnb/TmQs1HoYeqYzZNjX87WR+V+tnWJw6WYiSlKEiE8WBamkGNNRBNQXCjjKoQHGlTC3Ut5ninE0Qc1s8bzwVJuP9cHPiyYdZz6LRWicVRzDd+fl6tU0pwI5JEfkhDjkglTJLamROuFEkRfySt6sZ+vd+rA+J61L1nTmgMzI+voFeuOcIA==</latexit>

125± 5 GeV
<latexit sha1_base64="Hn9eXcXUXBuhddSz07i1GrQQEIU=">AAACFXicbZC7SgNBFIZn4y3GWzSlzWAQLCTsBoOWQQstI5gLJCHMTk6SITO7y8xZMSx5DktbfQg7sbX2GXwJJ5fCJP4w8PGfczhnfj+SwqDrfjuptfWNza30dmZnd2//IHt4VDNhrDlUeShD3fCZASkCqKJACY1IA1O+hLo/vJnU64+gjQiDBxxF0FasH4ie4Ayt1cnmvGKpFSlaaiE8YUJvoTbuZPNuwZ2KroI3hzyZq9LJ/rS6IY8VBMglM6bpuRG2E6ZRcAnjTCs2EDE+ZH1oWgyYAtNOpseP6al1urQXavsCpFP370TClDEj5dtOxXBglmsT879aM8beVTsRQRQjBHy2qBdLiiGdJEG7QgNHObLAuBb2VsoHTDOONq+FLb6vzo392AC644xNx1vOYhVqxYJn+f4iX76e55Qmx+SEnBGPXJIyuSMVUiWcjMgLeSVvzrPz7nw4n7PWlDOfyZEFOV+/VVqeGA==</latexit><latexit sha1_base64="Hn9eXcXUXBuhddSz07i1GrQQEIU=">AAACFXicbZC7SgNBFIZn4y3GWzSlzWAQLCTsBoOWQQstI5gLJCHMTk6SITO7y8xZMSx5DktbfQg7sbX2GXwJJ5fCJP4w8PGfczhnfj+SwqDrfjuptfWNza30dmZnd2//IHt4VDNhrDlUeShD3fCZASkCqKJACY1IA1O+hLo/vJnU64+gjQiDBxxF0FasH4ie4Ayt1cnmvGKpFSlaaiE8YUJvoTbuZPNuwZ2KroI3hzyZq9LJ/rS6IY8VBMglM6bpuRG2E6ZRcAnjTCs2EDE+ZH1oWgyYAtNOpseP6al1urQXavsCpFP370TClDEj5dtOxXBglmsT879aM8beVTsRQRQjBHy2qBdLiiGdJEG7QgNHObLAuBb2VsoHTDOONq+FLb6vzo392AC644xNx1vOYhVqxYJn+f4iX76e55Qmx+SEnBGPXJIyuSMVUiWcjMgLeSVvzrPz7nw4n7PWlDOfyZEFOV+/VVqeGA==</latexit><latexit sha1_base64="Hn9eXcXUXBuhddSz07i1GrQQEIU=">AAACFXicbZC7SgNBFIZn4y3GWzSlzWAQLCTsBoOWQQstI5gLJCHMTk6SITO7y8xZMSx5DktbfQg7sbX2GXwJJ5fCJP4w8PGfczhnfj+SwqDrfjuptfWNza30dmZnd2//IHt4VDNhrDlUeShD3fCZASkCqKJACY1IA1O+hLo/vJnU64+gjQiDBxxF0FasH4ie4Ayt1cnmvGKpFSlaaiE8YUJvoTbuZPNuwZ2KroI3hzyZq9LJ/rS6IY8VBMglM6bpuRG2E6ZRcAnjTCs2EDE+ZH1oWgyYAtNOpseP6al1urQXavsCpFP370TClDEj5dtOxXBglmsT879aM8beVTsRQRQjBHy2qBdLiiGdJEG7QgNHObLAuBb2VsoHTDOONq+FLb6vzo392AC644xNx1vOYhVqxYJn+f4iX76e55Qmx+SEnBGPXJIyuSMVUiWcjMgLeSVvzrPz7nw4n7PWlDOfyZEFOV+/VVqeGA==</latexit><latexit sha1_base64="Hn9eXcXUXBuhddSz07i1GrQQEIU=">AAACFXicbZC7SgNBFIZn4y3GWzSlzWAQLCTsBoOWQQstI5gLJCHMTk6SITO7y8xZMSx5DktbfQg7sbX2GXwJJ5fCJP4w8PGfczhnfj+SwqDrfjuptfWNza30dmZnd2//IHt4VDNhrDlUeShD3fCZASkCqKJACY1IA1O+hLo/vJnU64+gjQiDBxxF0FasH4ie4Ayt1cnmvGKpFSlaaiE8YUJvoTbuZPNuwZ2KroI3hzyZq9LJ/rS6IY8VBMglM6bpuRG2E6ZRcAnjTCs2EDE+ZH1oWgyYAtNOpseP6al1urQXavsCpFP370TClDEj5dtOxXBglmsT879aM8beVTsRQRQjBHy2qBdLiiGdJEG7QgNHObLAuBb2VsoHTDOONq+FLb6vzo392AC644xNx1vOYhVqxYJn+f4iX76e55Qmx+SEnBGPXJIyuSMVUiWcjMgLeSVvzrPz7nw4n7PWlDOfyZEFOV+/VVqeGA==</latexit>

to get a good fit from side-band



pT1 + pT2
<latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit><latexit sha1_base64="X7lw0fuNYAUXXZ2j+MW8y7Cl6Vo=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCoJSZIuiy6MZlhb6gHYZMJm1Dk8yQZIQyzFe4dKsf4U7c+gV+gz9hOp2FbT0QcjjnXu69J4gZVdpxvq3SxubW9k55t7K3f3BYtY+OuypKJCYdHLFI9gOkCKOCdDTVjPRjSRAPGOkF0/u533siUtFItPUsJh5HY0FHFCNtJN+uxn7a9t3sMv8bmW/XnLqTA64TtyA1UKDl2z/DMMIJJ0JjhpQauE6svRRJTTEjWWWYKBIjPEVjMjBUIE6Ul+aLZ/DcKCEcRdI8oWGu/u1IEVdqxgNTyZGeqFVvLv7nDRI9uvVSKuJEE4EXg0YJgzqC8xRgSCXBms0MQVhSsyvEEyQR1iarpSlBwK+UOWxCwqxi0nFXs1gn3UbdNfzxuta8K3Iqg1NwBi6AC25AEzyAFugADBLwAl7Bm/VsvVsf1ueitGQVPSdgCdbXL0sfnRE=</latexit>

m�� =
p
pT1pT2�R

<latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit>

Optimal diphoton cuts to do a bump hunt? 

we need 50 GeV on r.h.s of the signal   

50 + 65 = 115 GeV
<latexit sha1_base64="C1ZZexKg2eoBXQ3ZxVwkO1VUhtE=">AAACFnicbZDJSgNBEIZ74hbjNi43L41BEJQwI0a9CEEPeoxgFkhC6OlUkiY9C901YhzyHh696kN4E69efQZfws5yMNEfGj7+qqKqfy+SQqPjfFmpufmFxaX0cmZldW19w97cKuswVhxKPJShqnpMgxQBlFCghGqkgPmehIrXuxrWK/egtAiDO+xH0PBZJxBtwRkaq2nv5J3D0/yF6+brCA+Y0GsoD5p21sk5I9G/4E4gSyYqNu3veivksQ8Bcsm0rrlOhI2EKRRcwiBTjzVEjPdYB2oGA+aDbiSj6wd03zgt2g6VeQHSkft7ImG+1n3fM50+w66erQ3N/2q1GNvnjUQEUYwQ8PGidiwphnQYBW0JBRxl3wDjSphbKe8yxTiawKa2eJ5/pM3HutAaZEw67mwWf6F8nHMN355kC5eTnNJkl+yRA+KSM1IgN6RISoSTR/JMXsir9WS9We/Wx7g1ZU1mtsmUrM8f6lOdyw==</latexit><latexit sha1_base64="C1ZZexKg2eoBXQ3ZxVwkO1VUhtE=">AAACFnicbZDJSgNBEIZ74hbjNi43L41BEJQwI0a9CEEPeoxgFkhC6OlUkiY9C901YhzyHh696kN4E69efQZfws5yMNEfGj7+qqKqfy+SQqPjfFmpufmFxaX0cmZldW19w97cKuswVhxKPJShqnpMgxQBlFCghGqkgPmehIrXuxrWK/egtAiDO+xH0PBZJxBtwRkaq2nv5J3D0/yF6+brCA+Y0GsoD5p21sk5I9G/4E4gSyYqNu3veivksQ8Bcsm0rrlOhI2EKRRcwiBTjzVEjPdYB2oGA+aDbiSj6wd03zgt2g6VeQHSkft7ImG+1n3fM50+w66erQ3N/2q1GNvnjUQEUYwQ8PGidiwphnQYBW0JBRxl3wDjSphbKe8yxTiawKa2eJ5/pM3HutAaZEw67mwWf6F8nHMN355kC5eTnNJkl+yRA+KSM1IgN6RISoSTR/JMXsir9WS9We/Wx7g1ZU1mtsmUrM8f6lOdyw==</latexit><latexit sha1_base64="C1ZZexKg2eoBXQ3ZxVwkO1VUhtE=">AAACFnicbZDJSgNBEIZ74hbjNi43L41BEJQwI0a9CEEPeoxgFkhC6OlUkiY9C901YhzyHh696kN4E69efQZfws5yMNEfGj7+qqKqfy+SQqPjfFmpufmFxaX0cmZldW19w97cKuswVhxKPJShqnpMgxQBlFCghGqkgPmehIrXuxrWK/egtAiDO+xH0PBZJxBtwRkaq2nv5J3D0/yF6+brCA+Y0GsoD5p21sk5I9G/4E4gSyYqNu3veivksQ8Bcsm0rrlOhI2EKRRcwiBTjzVEjPdYB2oGA+aDbiSj6wd03zgt2g6VeQHSkft7ImG+1n3fM50+w66erQ3N/2q1GNvnjUQEUYwQ8PGidiwphnQYBW0JBRxl3wDjSphbKe8yxTiawKa2eJ5/pM3HutAaZEw67mwWf6F8nHMN355kC5eTnNJkl+yRA+KSM1IgN6RISoSTR/JMXsir9WS9We/Wx7g1ZU1mtsmUrM8f6lOdyw==</latexit><latexit sha1_base64="C1ZZexKg2eoBXQ3ZxVwkO1VUhtE=">AAACFnicbZDJSgNBEIZ74hbjNi43L41BEJQwI0a9CEEPeoxgFkhC6OlUkiY9C901YhzyHh696kN4E69efQZfws5yMNEfGj7+qqKqfy+SQqPjfFmpufmFxaX0cmZldW19w97cKuswVhxKPJShqnpMgxQBlFCghGqkgPmehIrXuxrWK/egtAiDO+xH0PBZJxBtwRkaq2nv5J3D0/yF6+brCA+Y0GsoD5p21sk5I9G/4E4gSyYqNu3veivksQ8Bcsm0rrlOhI2EKRRcwiBTjzVEjPdYB2oGA+aDbiSj6wd03zgt2g6VeQHSkft7ImG+1n3fM50+w66erQ3N/2q1GNvnjUQEUYwQ8PGidiwphnQYBW0JBRxl3wDjSphbKe8yxTiawKa2eJ5/pM3HutAaZEw67mwWf6F8nHMN355kC5eTnNJkl+yRA+KSM1IgN6RISoSTR/JMXsir9WS9We/Wx7g1ZU1mtsmUrM8f6lOdyw==</latexit>

the highest invariant mass we are interested in
sets the sum of the photon cuts

how low can we go?



saturating Pitagora’s 

m�� =
p
pT1pT2�R

<latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit><latexit sha1_base64="bgX9DjpgnLCKna6r0oCT2FUpmuw="></latexit>

how low can we go?

What is the minimal pT of the second photon?

m�� &
p
(115� pT2)pT2�R

<latexit sha1_base64="MC/rHlzeLSclP+udV2oJpCVGTTc="></latexit><latexit sha1_base64="MC/rHlzeLSclP+udV2oJpCVGTTc="></latexit><latexit sha1_base64="MC/rHlzeLSclP+udV2oJpCVGTTc="></latexit><latexit sha1_base64="MC/rHlzeLSclP+udV2oJpCVGTTc="></latexit>

pT2 = 20 GeV
<latexit sha1_base64="vaHYBgE28djiR6pyyQObeeA/H9c=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKr0t2G+EJE3oH9dTNF+yiPRFdBmcGBTJTxc3/tLshj30IkEumdcuxI+wkTKHgEtJcO9YQMT5kfWgZDJgPupNMzk/pqXG6tBcq8wKkE/fvRMJ8rUe+Zzp9hgO9WBub/9VaMfauOokIohgh4NNFvVhSDOk4C9oVCjjKkQHGlTC3Uj5ginE0ic1t8Tz/XJuPDaCb5kw6zmIWy1AvFR3DDxeF8s0spyw5JifkjDjkkpTJPamQGuEkIS/klbxZz9a79WF9Tlsz1mzmkMzJ+voFjv+fUQ==</latexit><latexit sha1_base64="vaHYBgE28djiR6pyyQObeeA/H9c=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKr0t2G+EJE3oH9dTNF+yiPRFdBmcGBTJTxc3/tLshj30IkEumdcuxI+wkTKHgEtJcO9YQMT5kfWgZDJgPupNMzk/pqXG6tBcq8wKkE/fvRMJ8rUe+Zzp9hgO9WBub/9VaMfauOokIohgh4NNFvVhSDOk4C9oVCjjKkQHGlTC3Uj5ginE0ic1t8Tz/XJuPDaCb5kw6zmIWy1AvFR3DDxeF8s0spyw5JifkjDjkkpTJPamQGuEkIS/klbxZz9a79WF9Tlsz1mzmkMzJ+voFjv+fUQ==</latexit><latexit sha1_base64="vaHYBgE28djiR6pyyQObeeA/H9c=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKr0t2G+EJE3oH9dTNF+yiPRFdBmcGBTJTxc3/tLshj30IkEumdcuxI+wkTKHgEtJcO9YQMT5kfWgZDJgPupNMzk/pqXG6tBcq8wKkE/fvRMJ8rUe+Zzp9hgO9WBub/9VaMfauOokIohgh4NNFvVhSDOk4C9oVCjjKkQHGlTC3Uj5ginE0ic1t8Tz/XJuPDaCb5kw6zmIWy1AvFR3DDxeF8s0spyw5JifkjDjkkpTJPamQGuEkIS/klbxZz9a79WF9Tlsz1mzmkMzJ+voFjv+fUQ==</latexit><latexit sha1_base64="vaHYBgE28djiR6pyyQObeeA/H9c=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKr0t2G+EJE3oH9dTNF+yiPRFdBmcGBTJTxc3/tLshj30IkEumdcuxI+wkTKHgEtJcO9YQMT5kfWgZDJgPupNMzk/pqXG6tBcq8wKkE/fvRMJ8rUe+Zzp9hgO9WBub/9VaMfauOokIohgh4NNFvVhSDOk4C9oVCjjKkQHGlTC3Uj5ginE0ic1t8Tz/XJuPDaCb5kw6zmIWy1AvFR3DDxeF8s0spyw5JifkjDjkkpTJPamQGuEkIS/klbxZz9a79WF9Tlsz1mzmkMzJ+voFjv+fUQ==</latexit>

pT2 = 10 GeV
<latexit sha1_base64="Y/WADgoqhnTx14VOlyFXlcv/vKc=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKrx27jfCECb2DeurmC3bRnogugzODApmp4uZ/2t2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukm56f01Dhd2guVeQHSift3ImG+1iPfM50+w4FerI3N/2qtGHtXnUQEUYwQ8OmiXiwphnScBe0KBRzlyADjSphbKR8wxTiaxOa2eJ5/rs3HBtBNcyYdZzGLZaiXio7hh4tC+WaWU5YckxNyRhxyScrknlRIjXCSkBfySt6sZ+vd+rA+p60ZazZzSOZkff0CjVafUA==</latexit><latexit sha1_base64="Y/WADgoqhnTx14VOlyFXlcv/vKc=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKrx27jfCECb2DeurmC3bRnogugzODApmp4uZ/2t2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukm56f01Dhd2guVeQHSift3ImG+1iPfM50+w4FerI3N/2qtGHtXnUQEUYwQ8OmiXiwphnScBe0KBRzlyADjSphbKR8wxTiaxOa2eJ5/rs3HBtBNcyYdZzGLZaiXio7hh4tC+WaWU5YckxNyRhxyScrknlRIjXCSkBfySt6sZ+vd+rA+p60ZazZzSOZkff0CjVafUA==</latexit><latexit sha1_base64="Y/WADgoqhnTx14VOlyFXlcv/vKc=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKrx27jfCECb2DeurmC3bRnogugzODApmp4uZ/2t2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukm56f01Dhd2guVeQHSift3ImG+1iPfM50+w4FerI3N/2qtGHtXnUQEUYwQ8OmiXiwphnScBe0KBRzlyADjSphbKR8wxTiaxOa2eJ5/rs3HBtBNcyYdZzGLZaiXio7hh4tC+WaWU5YckxNyRhxyScrknlRIjXCSkBfySt6sZ+vd+rA+p60ZazZzSOZkff0CjVafUA==</latexit><latexit sha1_base64="Y/WADgoqhnTx14VOlyFXlcv/vKc=">AAACF3icbZDJSgNBEIZ74hbjFhVPXhqD4EHCTBD0IgQ96DFCNkjC0NOpJE16FrprxDDMg3j0qg/hTbx69Bl8CTvLwST+0PDxVxVV/XuRFBpt+9vKrKyurW9kN3Nb2zu7e/n9g7oOY8WhxkMZqqbHNEgRQA0FSmhGCpjvSWh4w9txvfEISoswqOIogo7P+oHoCc7QWG7+KHKTqltKrx27jfCECb2DeurmC3bRnogugzODApmp4uZ/2t2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukm56f01Dhd2guVeQHSift3ImG+1iPfM50+w4FerI3N/2qtGHtXnUQEUYwQ8OmiXiwphnScBe0KBRzlyADjSphbKR8wxTiaxOa2eJ5/rs3HBtBNcyYdZzGLZaiXio7hh4tC+WaWU5YckxNyRhxyScrknlRIjXCSkBfySt6sZ+vd+rA+p60ZazZzSOZkff0CjVafUA==</latexit>

m�� & 17 GeV
<latexit sha1_base64="Dp8PT91jiXfUL38DN5v0U3zsnu8=">AAACJ3icbVDLSgNBEJz1GeMr6tHLYAh4kLArQjwGPegxgkmEbAizk04yOLO7zPSKYdkv8Es8etWP8CZ69OxPOHkcTGLDDEVVNd1dQSyFQdf9cpaWV1bX1nMb+c2t7Z3dwt5+w0SJ5lDnkYz0XcAMSBFCHQVKuIs1MBVIaAb3lyO9+QDaiCi8xWEMbcX6oegJztBSnUJJdVK/z5Rikz/z+2jdinoVH+ERU3oFjaxTKLpld1x0EXhTUCTTqnUKP3434omCELlkxrQ8N8Z2yjQKLiHL+4mBmPF71oeWhSFTYNrp+JyMlizTpb1I2xciHbN/O1KmjBmqwDoVw4GZ10bkf1orwd55OxVhnCCEfDKol0iKER1lQ7tCA0c5tIBxLeyulA+YZhxtgjNTgkCdGHvYALpZ3qbjzWexCBqnZc/im7Ni9WKaU44ckiNyTDxSIVVyTWqkTjh5Ii/klbw5z8678+F8TqxLzrTngMyU8/0LbJGmog==</latexit><latexit sha1_base64="Dp8PT91jiXfUL38DN5v0U3zsnu8=">AAACJ3icbVDLSgNBEJz1GeMr6tHLYAh4kLArQjwGPegxgkmEbAizk04yOLO7zPSKYdkv8Es8etWP8CZ69OxPOHkcTGLDDEVVNd1dQSyFQdf9cpaWV1bX1nMb+c2t7Z3dwt5+w0SJ5lDnkYz0XcAMSBFCHQVKuIs1MBVIaAb3lyO9+QDaiCi8xWEMbcX6oegJztBSnUJJdVK/z5Rikz/z+2jdinoVH+ERU3oFjaxTKLpld1x0EXhTUCTTqnUKP3434omCELlkxrQ8N8Z2yjQKLiHL+4mBmPF71oeWhSFTYNrp+JyMlizTpb1I2xciHbN/O1KmjBmqwDoVw4GZ10bkf1orwd55OxVhnCCEfDKol0iKER1lQ7tCA0c5tIBxLeyulA+YZhxtgjNTgkCdGHvYALpZ3qbjzWexCBqnZc/im7Ni9WKaU44ckiNyTDxSIVVyTWqkTjh5Ii/klbw5z8678+F8TqxLzrTngMyU8/0LbJGmog==</latexit><latexit sha1_base64="Dp8PT91jiXfUL38DN5v0U3zsnu8=">AAACJ3icbVDLSgNBEJz1GeMr6tHLYAh4kLArQjwGPegxgkmEbAizk04yOLO7zPSKYdkv8Es8etWP8CZ69OxPOHkcTGLDDEVVNd1dQSyFQdf9cpaWV1bX1nMb+c2t7Z3dwt5+w0SJ5lDnkYz0XcAMSBFCHQVKuIs1MBVIaAb3lyO9+QDaiCi8xWEMbcX6oegJztBSnUJJdVK/z5Rikz/z+2jdinoVH+ERU3oFjaxTKLpld1x0EXhTUCTTqnUKP3434omCELlkxrQ8N8Z2yjQKLiHL+4mBmPF71oeWhSFTYNrp+JyMlizTpb1I2xciHbN/O1KmjBmqwDoVw4GZ10bkf1orwd55OxVhnCCEfDKol0iKER1lQ7tCA0c5tIBxLeyulA+YZhxtgjNTgkCdGHvYALpZ3qbjzWexCBqnZc/im7Ni9WKaU44ckiNyTDxSIVVyTWqkTjh5Ii/klbw5z8678+F8TqxLzrTngMyU8/0LbJGmog==</latexit><latexit sha1_base64="Dp8PT91jiXfUL38DN5v0U3zsnu8=">AAACJ3icbVDLSgNBEJz1GeMr6tHLYAh4kLArQjwGPegxgkmEbAizk04yOLO7zPSKYdkv8Es8etWP8CZ69OxPOHkcTGLDDEVVNd1dQSyFQdf9cpaWV1bX1nMb+c2t7Z3dwt5+w0SJ5lDnkYz0XcAMSBFCHQVKuIs1MBVIaAb3lyO9+QDaiCi8xWEMbcX6oegJztBSnUJJdVK/z5Rikz/z+2jdinoVH+ERU3oFjaxTKLpld1x0EXhTUCTTqnUKP3434omCELlkxrQ8N8Z2yjQKLiHL+4mBmPF71oeWhSFTYNrp+JyMlizTpb1I2xciHbN/O1KmjBmqwDoVw4GZ10bkf1orwd55OxVhnCCEfDKol0iKER1lQ7tCA0c5tIBxLeyulA+YZhxtgjNTgkCdGHvYALpZ3qbjzWexCBqnZc/im7Ni9WKaU44ckiNyTDxSIVVyTWqkTjh5Ii/klbw5z8678+F8TqxLzrTngMyU8/0LbJGmog==</latexit>

m�� & 13 GeV
<latexit sha1_base64="k3go6/lIlAga6RHQXdCFRcT6Alo=">AAACJ3icbVDLSsNAFJ34tr6iLt0MFsGFSKKCLosudKlgH9CEMpnetoMzSZi5EUvIF/glLt3qR7gTXbr2J5w+Ftp6YYbDOedy7z1RKoVBz/t0Zmbn5hcWl5ZLK6tr6xvu5lbNJJnmUOWJTHQjYgakiKGKAiU0Ug1MRRLq0d3FQK/fgzYiiW+xn0KoWDcWHcEZWqrl7qlWHnSZUmz0F0EXrVtR/zhAeMCcXkKtaLll79AbFp0G/hiUybiuW+530E54piBGLpkxTd9LMcyZRsElFKUgM5Ayfse60LQwZgpMmA/PKeieZdq0k2j7YqRD9ndHzpQxfRVZp2LYM5PagPxPa2bYOQtzEacZQsxHgzqZpJjQQTa0LTRwlH0LGNfC7kp5j2nG0Sb4Z0oUqQNjD+tBuyjZdPzJLKZB7ejQt/jmpFw5H+e0RHbILtknPjklFXJFrkmVcPJInskLeXWenDfn3fkYWWeccc82+VPO1w9l8aae</latexit><latexit sha1_base64="k3go6/lIlAga6RHQXdCFRcT6Alo=">AAACJ3icbVDLSsNAFJ34tr6iLt0MFsGFSKKCLosudKlgH9CEMpnetoMzSZi5EUvIF/glLt3qR7gTXbr2J5w+Ftp6YYbDOedy7z1RKoVBz/t0Zmbn5hcWl5ZLK6tr6xvu5lbNJJnmUOWJTHQjYgakiKGKAiU0Ug1MRRLq0d3FQK/fgzYiiW+xn0KoWDcWHcEZWqrl7qlWHnSZUmz0F0EXrVtR/zhAeMCcXkKtaLll79AbFp0G/hiUybiuW+530E54piBGLpkxTd9LMcyZRsElFKUgM5Ayfse60LQwZgpMmA/PKeieZdq0k2j7YqRD9ndHzpQxfRVZp2LYM5PagPxPa2bYOQtzEacZQsxHgzqZpJjQQTa0LTRwlH0LGNfC7kp5j2nG0Sb4Z0oUqQNjD+tBuyjZdPzJLKZB7ejQt/jmpFw5H+e0RHbILtknPjklFXJFrkmVcPJInskLeXWenDfn3fkYWWeccc82+VPO1w9l8aae</latexit><latexit sha1_base64="k3go6/lIlAga6RHQXdCFRcT6Alo=">AAACJ3icbVDLSsNAFJ34tr6iLt0MFsGFSKKCLosudKlgH9CEMpnetoMzSZi5EUvIF/glLt3qR7gTXbr2J5w+Ftp6YYbDOedy7z1RKoVBz/t0Zmbn5hcWl5ZLK6tr6xvu5lbNJJnmUOWJTHQjYgakiKGKAiU0Ug1MRRLq0d3FQK/fgzYiiW+xn0KoWDcWHcEZWqrl7qlWHnSZUmz0F0EXrVtR/zhAeMCcXkKtaLll79AbFp0G/hiUybiuW+530E54piBGLpkxTd9LMcyZRsElFKUgM5Ayfse60LQwZgpMmA/PKeieZdq0k2j7YqRD9ndHzpQxfRVZp2LYM5PagPxPa2bYOQtzEacZQsxHgzqZpJjQQTa0LTRwlH0LGNfC7kp5j2nG0Sb4Z0oUqQNjD+tBuyjZdPzJLKZB7ejQt/jmpFw5H+e0RHbILtknPjklFXJFrkmVcPJInskLeXWenDfn3fkYWWeccc82+VPO1w9l8aae</latexit><latexit sha1_base64="k3go6/lIlAga6RHQXdCFRcT6Alo=">AAACJ3icbVDLSsNAFJ34tr6iLt0MFsGFSKKCLosudKlgH9CEMpnetoMzSZi5EUvIF/glLt3qR7gTXbr2J5w+Ftp6YYbDOedy7z1RKoVBz/t0Zmbn5hcWl5ZLK6tr6xvu5lbNJJnmUOWJTHQjYgakiKGKAiU0Ug1MRRLq0d3FQK/fgzYiiW+xn0KoWDcWHcEZWqrl7qlWHnSZUmz0F0EXrVtR/zhAeMCcXkKtaLll79AbFp0G/hiUybiuW+530E54piBGLpkxTd9LMcyZRsElFKUgM5Ayfse60LQwZgpMmA/PKeieZdq0k2j7YqRD9ndHzpQxfRVZp2LYM5PagPxPa2bYOQtzEacZQsxHgzqZpJjQQTa0LTRwlH0LGNfC7kp5j2nG0Sb4Z0oUqQNjD+tBuyjZdPzJLKZB7ejQt/jmpFw5H+e0RHbILtknPjklFXJFrkmVcPJInskLeXWenDfn3fkYWWeccc82+VPO1w9l8aae</latexit>

…

�R = 0.4
<latexit sha1_base64="pVIezUc+FK86l2MMVtTNOq81zTM=">AAACDHicbZDLSsNAFIYn9VbrrerSzWARXEhJpKAboagLl1XsBZpQJpOTduhkEmYmQgl9BZdu9SHciVvfwWfwJZy2WdjWHwY+/nMO58zvJ5wpbdvfVmFldW19o7hZ2tre2d0r7x+0VJxKCk0a81h2fKKAMwFNzTSHTiKBRD6Htj+8mdTbTyAVi8WjHiXgRaQvWMgo0cZy3VvgmuCHK7ta65UrdtWeCi+Dk0MF5Wr0yj9uENM0AqEpJ0p1HTvRXkakZpTDuOSmChJCh6QPXYOCRKC8bHrzGJ8YJ8BhLM0TGk/dvxMZiZQaRb7pjIgeqMXaxPyv1k11eOllTCSpBkFni8KUYx3jSQA4YBKo5iMDhEpmbsV0QCSh2sQ0t8X3ozNlPjaAYFwy6TiLWSxD67zqGL6vVerXeU5FdISO0Sly0AWqozvUQE1EUYJe0Ct6s56td+vD+py1Fqx85hDNyfr6BR33msc=</latexit><latexit sha1_base64="pVIezUc+FK86l2MMVtTNOq81zTM=">AAACDHicbZDLSsNAFIYn9VbrrerSzWARXEhJpKAboagLl1XsBZpQJpOTduhkEmYmQgl9BZdu9SHciVvfwWfwJZy2WdjWHwY+/nMO58zvJ5wpbdvfVmFldW19o7hZ2tre2d0r7x+0VJxKCk0a81h2fKKAMwFNzTSHTiKBRD6Htj+8mdTbTyAVi8WjHiXgRaQvWMgo0cZy3VvgmuCHK7ta65UrdtWeCi+Dk0MF5Wr0yj9uENM0AqEpJ0p1HTvRXkakZpTDuOSmChJCh6QPXYOCRKC8bHrzGJ8YJ8BhLM0TGk/dvxMZiZQaRb7pjIgeqMXaxPyv1k11eOllTCSpBkFni8KUYx3jSQA4YBKo5iMDhEpmbsV0QCSh2sQ0t8X3ozNlPjaAYFwy6TiLWSxD67zqGL6vVerXeU5FdISO0Sly0AWqozvUQE1EUYJe0Ct6s56td+vD+py1Fqx85hDNyfr6BR33msc=</latexit><latexit sha1_base64="pVIezUc+FK86l2MMVtTNOq81zTM=">AAACDHicbZDLSsNAFIYn9VbrrerSzWARXEhJpKAboagLl1XsBZpQJpOTduhkEmYmQgl9BZdu9SHciVvfwWfwJZy2WdjWHwY+/nMO58zvJ5wpbdvfVmFldW19o7hZ2tre2d0r7x+0VJxKCk0a81h2fKKAMwFNzTSHTiKBRD6Htj+8mdTbTyAVi8WjHiXgRaQvWMgo0cZy3VvgmuCHK7ta65UrdtWeCi+Dk0MF5Wr0yj9uENM0AqEpJ0p1HTvRXkakZpTDuOSmChJCh6QPXYOCRKC8bHrzGJ8YJ8BhLM0TGk/dvxMZiZQaRb7pjIgeqMXaxPyv1k11eOllTCSpBkFni8KUYx3jSQA4YBKo5iMDhEpmbsV0QCSh2sQ0t8X3ozNlPjaAYFwy6TiLWSxD67zqGL6vVerXeU5FdISO0Sly0AWqozvUQE1EUYJe0Ct6s56td+vD+py1Fqx85hDNyfr6BR33msc=</latexit><latexit sha1_base64="pVIezUc+FK86l2MMVtTNOq81zTM=">AAACDHicbZDLSsNAFIYn9VbrrerSzWARXEhJpKAboagLl1XsBZpQJpOTduhkEmYmQgl9BZdu9SHciVvfwWfwJZy2WdjWHwY+/nMO58zvJ5wpbdvfVmFldW19o7hZ2tre2d0r7x+0VJxKCk0a81h2fKKAMwFNzTSHTiKBRD6Htj+8mdTbTyAVi8WjHiXgRaQvWMgo0cZy3VvgmuCHK7ta65UrdtWeCi+Dk0MF5Wr0yj9uENM0AqEpJ0p1HTvRXkakZpTDuOSmChJCh6QPXYOCRKC8bHrzGJ8YJ8BhLM0TGk/dvxMZiZQaRb7pjIgeqMXaxPyv1k11eOllTCSpBkFni8KUYx3jSQA4YBKo5iMDhEpmbsV0QCSh2sQ0t8X3ozNlPjaAYFwy6TiLWSxD67zqGL6vVerXeU5FdISO0Sly0AWqozvUQE1EUYJe0Ct6s56td+vD+py1Fqx85hDNyfr6BR33msc=</latexit>



 No lower than ~10 GeV by keeping standard ISO  
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CAN WE LOWER THE ISOLATION?

A concrete case of study: the mono-jet trigger 
to appear  with M. Low, A. Mariotti, F. Sala, K. Tobioka
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the two photons get collimated

standard isolation would reject the signal
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triggering a 500 GeV jet

the two photons get collimated

standard isolation would reject the signal
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CAN WE MODIFY THIS KEEPING JET-FAKES UNDER CONTROL?
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Modifying standard photon isolation

NEW ISOLATION
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Modifying standard photon isolation

NEW ISOLATION
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Rejecting the pions (jet activity) keeping the hard photon �1
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THE ALP PARAMETER SPACE

THE REACH can be improved in the boosted regime!
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Given an invariant mass an optimal cut on the hard object can MAX the sensitivity
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How to go further?

2) A systematic study of light resonances  
decaying into two objects with different production mechanisms is needed!

FINAL 
STATES

PROD. single associated VBF 

+jet

…

gluon-fusion

1) The current status highly depend on the nature of the  final state 
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How to go further?

2) A systematic study of light resonances  
decaying into two objects with different production mechanisms is needed!

FINAL 
STATES

PROD. single associated VBF 

+jet

…

gluon-fusion

FOCUS OF THIS TALK

1) The current status highly depend on the nature of the  final state 
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2) A systematic study of light resonances  
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1) The current status highly depend on the nature of the  final state 

What about di-taus? 
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dijets dittaus

dibosons (Z, W)

dihiggses

dileptons       (e , µ)

How to go further?

2) A systematic study of light resonances  
decaying into two objects with different production mechanisms is needed!

FINAL 
STATES

PROD. single associated VBF 

+jet

…

gluon-fusion

1) The current status highly depend on the nature of the  final state 

What about di-taus? 
Is there a motivation?

What about b-jets? 
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landscape in mass + couplings
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<latexit sha1_base64="ZSW1Gk7sNYDKbAJ00+fsflbn3cI=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCnoMevEYwcRAsoTZ2d5kyMzuMjMrhJAf8OhVP8KbePUv/AZ/wkmyB5NY0FBUddPdFaSCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtQKqUfAYG4Ybga1UIZWBwMdgcDvxH59QaZ7ED2aYoi9pL+YRZ9RYqdXRXJIL1+2WK27VnYIsEy8nFchR75Z/OmHCMomxYYJq3fbc1PgjqgxnAselTqYxpWxAe9i2NKYStT+a3jsmJ1YJSZQoW7EhU/XvxIhKrYcysJ2Smr5e9Cbif147M9G1P+JxmhmM2WxRlAliEjJ5noRcITNiaAllittbCetTRZmxEc1tCQJ5pu1jfQzHJZuOt5jFMmmeVz3L7y8rtZs8pyIcwTGcggdXUIM7qEMDGAh4gVd4c56dd+fD+Zy1Fpx85hDm4Hz9ApSEmXA=</latexit><latexit sha1_base64="ZSW1Gk7sNYDKbAJ00+fsflbn3cI=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCnoMevEYwcRAsoTZ2d5kyMzuMjMrhJAf8OhVP8KbePUv/AZ/wkmyB5NY0FBUddPdFaSCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtQKqUfAYG4Ybga1UIZWBwMdgcDvxH59QaZ7ED2aYoi9pL+YRZ9RYqdXRXJIL1+2WK27VnYIsEy8nFchR75Z/OmHCMomxYYJq3fbc1PgjqgxnAselTqYxpWxAe9i2NKYStT+a3jsmJ1YJSZQoW7EhU/XvxIhKrYcysJ2Smr5e9Cbif147M9G1P+JxmhmM2WxRlAliEjJ5noRcITNiaAllittbCetTRZmxEc1tCQJ5pu1jfQzHJZuOt5jFMmmeVz3L7y8rtZs8pyIcwTGcggdXUIM7qEMDGAh4gVd4c56dd+fD+Zy1Fpx85hDm4Hz9ApSEmXA=</latexit><latexit sha1_base64="ZSW1Gk7sNYDKbAJ00+fsflbn3cI=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCnoMevEYwcRAsoTZ2d5kyMzuMjMrhJAf8OhVP8KbePUv/AZ/wkmyB5NY0FBUddPdFaSCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtQKqUfAYG4Ybga1UIZWBwMdgcDvxH59QaZ7ED2aYoi9pL+YRZ9RYqdXRXJIL1+2WK27VnYIsEy8nFchR75Z/OmHCMomxYYJq3fbc1PgjqgxnAselTqYxpWxAe9i2NKYStT+a3jsmJ1YJSZQoW7EhU/XvxIhKrYcysJ2Smr5e9Cbif147M9G1P+JxmhmM2WxRlAliEjJ5noRcITNiaAllittbCetTRZmxEc1tCQJ5pu1jfQzHJZuOt5jFMmmeVz3L7y8rtZs8pyIcwTGcggdXUIM7qEMDGAh4gVd4c56dd+fD+Zy1Fpx85hDm4Hz9ApSEmXA=</latexit><latexit sha1_base64="ZSW1Gk7sNYDKbAJ00+fsflbn3cI=">AAACCHicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCnoMevEYwcRAsoTZ2d5kyMzuMjMrhJAf8OhVP8KbePUv/AZ/wkmyB5NY0FBUddPdFaSCa+O6305hZXVtfaO4Wdra3tndK+8fNHWSKYYNlohEtQKqUfAYG4Ybga1UIZWBwMdgcDvxH59QaZ7ED2aYoi9pL+YRZ9RYqdXRXJIL1+2WK27VnYIsEy8nFchR75Z/OmHCMomxYYJq3fbc1PgjqgxnAselTqYxpWxAe9i2NKYStT+a3jsmJ1YJSZQoW7EhU/XvxIhKrYcysJ2Smr5e9Cbif147M9G1P+JxmhmM2WxRlAliEjJ5noRcITNiaAllittbCetTRZmxEc1tCQJ5pu1jfQzHJZuOt5jFMmmeVz3L7y8rtZs8pyIcwTGcggdXUIM7qEMDGAh4gVd4c56dd+fD+Zy1Fpx85hDm4Hz9ApSEmXA=</latexit> ⇠ 25

<latexit sha1_base64="LsM4KWOBdsMqt+a43cpHmXBoP/M=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgQcJuUPQY9OIxgnlAsoTZ2dlkyMzsMjMrhCUf4NGrfoQ38epn+A3+hJNkDyaxoKGo6qa7K0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjO6mfvuJKs1i+WjGCfUFHkgWMYKNldo9zQSqXfXLFbfqzoBWiZeTCuRo9Ms/vTAmqaDSEI617npuYvwMK8MIp5NSL9U0wWSEB7RrqcSCaj+bnTtBZ1YJURQrW9Kgmfp3IsNC67EIbKfAZqiXvan4n9dNTXTjZ0wmqaGSzBdFKUcmRtPfUcgUJYaPLcFEMXsrIkOsMDE2oYUtQSAutH1sSMNJyabjLWexSlq1qmf5w2WlfpvnVIQTOIVz8OAa6nAPDWgCgRG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+ASZWmTo=</latexit><latexit sha1_base64="LsM4KWOBdsMqt+a43cpHmXBoP/M=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgQcJuUPQY9OIxgnlAsoTZ2dlkyMzsMjMrhCUf4NGrfoQ38epn+A3+hJNkDyaxoKGo6qa7K0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjO6mfvuJKs1i+WjGCfUFHkgWMYKNldo9zQSqXfXLFbfqzoBWiZeTCuRo9Ms/vTAmqaDSEI617npuYvwMK8MIp5NSL9U0wWSEB7RrqcSCaj+bnTtBZ1YJURQrW9Kgmfp3IsNC67EIbKfAZqiXvan4n9dNTXTjZ0wmqaGSzBdFKUcmRtPfUcgUJYaPLcFEMXsrIkOsMDE2oYUtQSAutH1sSMNJyabjLWexSlq1qmf5w2WlfpvnVIQTOIVz8OAa6nAPDWgCgRG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+ASZWmTo=</latexit><latexit sha1_base64="LsM4KWOBdsMqt+a43cpHmXBoP/M=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgQcJuUPQY9OIxgnlAsoTZ2dlkyMzsMjMrhCUf4NGrfoQ38epn+A3+hJNkDyaxoKGo6qa7K0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjO6mfvuJKs1i+WjGCfUFHkgWMYKNldo9zQSqXfXLFbfqzoBWiZeTCuRo9Ms/vTAmqaDSEI617npuYvwMK8MIp5NSL9U0wWSEB7RrqcSCaj+bnTtBZ1YJURQrW9Kgmfp3IsNC67EIbKfAZqiXvan4n9dNTXTjZ0wmqaGSzBdFKUcmRtPfUcgUJYaPLcFEMXsrIkOsMDE2oYUtQSAutH1sSMNJyabjLWexSlq1qmf5w2WlfpvnVIQTOIVz8OAa6nAPDWgCgRG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+ASZWmTo=</latexit><latexit sha1_base64="LsM4KWOBdsMqt+a43cpHmXBoP/M=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgQcJuUPQY9OIxgnlAsoTZ2dlkyMzsMjMrhCUf4NGrfoQ38epn+A3+hJNkDyaxoKGo6qa7K0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjO6mfvuJKs1i+WjGCfUFHkgWMYKNldo9zQSqXfXLFbfqzoBWiZeTCuRo9Ms/vTAmqaDSEI617npuYvwMK8MIp5NSL9U0wWSEB7RrqcSCaj+bnTtBZ1YJURQrW9Kgmfp3IsNC67EIbKfAZqiXvan4n9dNTXTjZ0wmqaGSzBdFKUcmRtPfUcgUJYaPLcFEMXsrIkOsMDE2oYUtQSAutH1sSMNJyabjLWexSlq1qmf5w2WlfpvnVIQTOIVz8OAa6nAPDWgCgRG8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+ASZWmTo=</latexit>
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