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Mandato ricevuto da What Next:
“Quale direzione in assenza di scoperte da LHC run-2 e 

1-ton Direct Detection experiments?”

Mandato esaurito a Giugno 2015 con pubblicazione:
“What Next: White Paper of CSN1”

Partecipazione e interesse specialmente da parte dei “giovani”, 
numerosi spunti originali e pubblicazioni separate in alcuni casi.



Riassunto:

• Eccessive aspettative pre-LHC su SUSY “canonica” (MSSM high scale)   
Criticità note da LEP


• Origine “Naturale” di         unico problema teorico sul quale progresso 
sperimentale è garantito, alzando l’energia                                         
LHC run-2 (o 300/fb) può esplorare fine-tuning > 10  (>1000 a 100TeV)               
(scenari considerati: Composite Higgs e NMSSM)                                     
Ci convince di origine InNaturale per       ? (Antropica, Dinamica)


• Solo acceleratori permettono ricerche di DM in lab., con segnale e 
fondo pienamente controllabili.                                                                    
Reach meglio di D.D. a bassa massa e in alcuni scenari (S.D./scatt. inel.)


• Frontiera Intensità: stati leggeri, long-lived e debolmente interagenti    
Neutrini Sterili, Dark Photon etc. Campo in crescita (e.g. SHiP)

mH

mH



Conclusioni:

• L’attuale stato dell’arte sperimentale non permette alla  teoria di 
garantire scoperte, in nessun ambito della Fisica Fondamentale   


• Ricerca sperimentale non sarà più verifica, ma esplorazione


• Future Colliders: esplorazione diretta e/o indiretta della nuova frontiera 
dell’energia

1. Garantiscono misure in condizioni sperimentali nuove

2. Garantiscono ricerche di nuova fisica su fondi noti

3. Non garantiscono scoperte

4. Nessuna ragione scientifica per non farli

5. Alternative? Di uguale portata e costo comparabile?

6. Sforzo tecnologico (ritorno short-term?) può renderli “economici”?

Pre-Higgs Post-Higgs

Scoperte Garantite 
Assicurate da No-Lose Theorems:

•Beyond the Fermi Theory (il W)

•Beyond the Bottom quark (il Top)

•Beyond the EW Theory (l’Higgs)

Teoria Rinormalizzabile di        
interazioni EW/Strong

Unico No-Lose Theorem (poco 

pratico) è Q.G.sotto      !

Nessuna Scoperta Garantita

MP
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Mandato ricevuto da What Next:
“Quale direzione in assenza di scoperte da LHC run-2 e 

1-ton Direct Detection experiments?”

Nuovo Mandato: What IF?
“E se una scoperta fosse dietro l’angolo a run-2?”

Questo Talk

Prendendo spunto dai recenti eccessi in di-bosoni e di-fotoni



ATLAS 8TeV in ricerca di fat-jets da bosoni      o

What IF Di-Boson?

W Z

Significanza locale di
Significanza globale di 

3.4 �

2.5 �

Eccessi (correlati) anche con 
selezioni ottimizzate per WW/ZZ



Chiara (non unica) interpretazione BSM: risonanza di 
settore strongly-coupled responsabile per EWSB

What IF Di-Boson?

Scenario precedentemente 
discusso in BSM@What Next.

Segnatura standard di CH

Esempio: tripletto di spin uno [ ~ Technicolor    ] ⇢
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Figure 3.3: Current experimental constraints in the (MV , gV ) plane in models A and B. The notation
is the same as in Figure 3.2.

region, and bounds from EWPT constrain model B more than model A. The last two features

are due to the larger value of cH predicted by model B, corresponding to a region which is

very di�cult to access with direct searches.

A second interesting way to present the experimental limits is to focus on explicit models

and draw exclusion curves in the plane of their input parameters. In both models A and B we

have two parameters, the coupling and the mass of the new vector. The limits in the (MV , gV )

plane are reported in Figure 3.3. We find similar exclusions in the two models at low gV , where

the limit is dominated by leptonic final state searches, but the situation changes radically for

large coupling. In particular the limit in model B is rather weak and barely competitive with

EWPT already for intermediate couplings gV ⇠ 3 and it disappears when the coupling is large.

Finally we want to check that, as expected from the discussion of Section 2.1, the param-

eters cV VW , cV V V and cV V HH a↵ect the exclusion only marginally. We thus plot the same

constraints shown in Figure 3.2, in the (cH , cV VW ), (cH , cV V V ) and (cH , cV V HH) planes in

Figure 3.4 for the benchmark models A and B at gV = 3. The plots represent a horizontal slice

at cF = 4 in the second plot of Figure 3.2 using the same coloring as previously. We find cV VW

and cV V V indeed to be sub-leading with no variation in their direction. A slight tilt can be

observed in the direction of cV V HH , on the other hand. This is due to the enhanced sensitivity

on cV V HH induced by the term (1� 4cV V HH⇣2)2 in the width in Eq. (2.31) for relatively large

⇣. The correction induced by this term can be of the order of 20% for cH ⇠ �0.5 (⇣ ⇡ 0.4).

One could expect the same enhancement in the central plot, due to the term (1+ cHcV V V ⇣2)2

in the width in Eq. (2.31). However, the absence of the factor of four only gives an e↵ect of

the order of the percent for cH ⇠ �0.5, not clearly observable in the central plot.

3.3 Limit setting for finite widths

The final goal of a resonance search is to set experimental limits, for either exclusion or dis-

covery, on the resonance production cross-section times the BR into the relevant final states

25
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Ipotetico segnale compatibile con altre ricerche

Responsabile per altri piccoli eccessi?

What IF Di-Boson?
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FIG. 1. The HVT fit of the ATLAS excess compared with other experimental searches.
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FIG. 1. The HVT fit of the ATLAS excess compared with other experimental searches.
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FIG. 1. The HVT fit of the ATLAS excess compared with other experimental searches.



Ipotetico segnale compatibile con altre ricerche

Responsabile per altri piccoli eccessi?

What IF Di-Boson?
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Figure 21. Combination of all ATLAS and CMS resonance searches for Gbulk ! ZLZL (top),
Gbulk ! WLWL (middle) and W0 ! WL ZL (bottom) selections and signal hypotheses, and as
a function of the resonance mass mX carried out in the hadronic (red) and semileptonic (blue)
channels and their combination (black). The results include all correction factors discussed in the
text. Left: Expected (dashed lines) and observed (continuous lines) exclusion limits on exotic
production cross section. The green and yellow bands represent the one and two sigma variations
around the median expected limits. Middle: Likelihood ratio p-values. The dashed black curve
corresponds to the combined search without the corrections discussed in the text. Right: Best
fitted exotic production cross section. The green and yellow bands represent the one and two sigma
variations around the median values.
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Combinazione (privata) di tutte le ricerche VV:

Conferma/smentita da run-2 in 
pochi mesi



What IF Di-Photon?

Bump in 2 fotoni a 750GeV coi primi dati di run-2

Significanza locale di 3.6 �

Significanza globale di 2.0 �



What IF Di-Photon?

Domande:

1.Può essere?

2.Che può essere?

3.Se fosse, che altro ci sarebbe?



What IF Di-Photon?
Limite più forte da CMS-8TeV, con piccolo eccesso

Likelihoods (Gaussiane) ricostruite da dati pubblici (p0 + limite)

Possibile “combinare” ATLAS13 con CMS8
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Segnala produzione da 
decadimento di oggetto pesante?

Difficile. In stato finale solo ��
Inoltre, CMS13 migliora compatibilità
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Figure 11: Production of a diphoton resonance S from the decay of a heavier “parent” resonance

P . The additional decay products �, originating from the decay of R, may be stable dark matter

candidates and escape undetected (left) or may decay into high multiplicity soft hadronic final

states (right), which are di�cult to discriminate from soft QCD processes. For the case of

dark matter production significant missing energy is avoided by a small mass splitting mP =
mS +mR +�, where � ⇠ 10GeV is small enough to suppress the missing energy signature.

• For a bb initial state P could be a heavy vector boson, which decays to a scalar S and
another vector R. For the remainder of this work we will consider the gg initial state and
scalar P , S, and R.

• The most minimal possibility for a gg initial state would be if P decays to two S resonances
(i.e. R = S in fig. 11). In this way, if S has the largest branching ratio to dark matter S !
�� and a smaller branching ratio to diphotons S ! ��, then the majority of the observed
events would be in the gg ! P ! SS ! ���� final state. Eventually an observation of a
pair of diphoton resonances would be expected from gg ! P ! SS ! ����, however this
would depend on the diphoton branching ratio. To make this setup even more appealing,
it could be that the dark matter � is in an electroweak multiplet, such that direct decays
to dark matter generate the required width, and loops of charged dark matter partners
generate the coupling to photons. In this case final states gg ! P ! SS ! �+����
could occur, where �± ! �0 + ⇡±, where the final state pions are very soft.9

• Finally, the missing energy spectrum can be significantly softened if the parent resonance
decays immediately to a three-body final state, P ! SRT , where now T is some additional
state. If R and T , or their decay products, are invisible then a similar signature arises if
mP = mS +mR +mT +�, where in this case it is likely that � could be larger than for
the two body decays while still suppressing the missing energy signature.

In the recently observed diphoton excess events there is no significant missing energy com-
ponent, thus an immediate question in this setup is how the missing energy is hidden. The
only observable is the diphoton system, and all of the observed missing energy comes about

9Also for higher EW multiplets longer cascades could occur i.e. S ! �+++���� ! �++���⇡+⇡� !
�+��2⇡+2⇡� ! 2�03⇡+3⇡�.
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What IF Di-Photon?

CMS13: bump a stessa massa, ma meno significanza

Significanza locale di
Significanza globale di 

Segnale più debole, migliora 
compatibilità complessiva [             ]

�fit ' 5 fb

2.6 �

1.2 �

Attendiamo nuovi dati. Altri canali 
garantiti:       e/o          e/o   

⇠ 1.5 �

Z� WW ZZ



What IF Di-Photon?

Domande:

1.Può essere? Si

2.Che può essere? Di tutto, ma non può essere da solo

3.Se fosse, che altro ci sarebbe? Un nuovo settore!
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What IF Di-Photon?

Domande:

1.Può essere? Si

2.Che può essere? Di tutto, ma non può essere da solo

3.Se fosse, che altro ci sarebbe? Un nuovo settore!

Esempio weakly-coupled:

Singoletto scalare più fermione 
vector-like colorato M~TeV e Y=1

Esempio strongly-coupled:

Risonanza scalare in modelli di 

Composite Higgs 

Potrebbe essere un Goldstone nel 
multipletto dell’Higgs!



What IF Di-Photon?

Domande:

1.Può essere? Si

2.Che può essere? Di tutto, ma non può essere da solo

3.Se fosse, che altro ci sarebbe? Un nuovo settore!

Se fosse accoppiato solo tramite loop di SM …
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… molto più segnale, non visto, atteso in altri canali

final � at
p
s = 8TeV implied bound on

state f observed expected ref. �(S ! f)/�(S ! ��)
obs

�� < 1.5 fb < 1.1 fb [6, 7] < 0.8 (r/5)
e+e� + µ+µ� < 1.2 fb < 1.2 fb [8] < 0.6 (r/5)

⌧+⌧� < 12 fb < 15 fb [9] < 6 (r/5)
Z� < 4.0 fb < 3.4 fb [10] < 2 (r/5)
ZZ < 12 fb < 20 fb [11] < 6 (r/5)
Zh < 19 fb < 28 fb [12] < 10 (r/5)
hh < 39 fb < 42 fb [13] < 20 (r/5)

W+W� < 40 fb < 70 fb [14,15] < 20 (r/5)
tt̄ < 550 fb - [16] < 300 (r/5)

invisible < 0.8 pb - [17] < 400 (r/5)
bb̄ <⇠ 1 pb <⇠ 1 pb [18] < 500 (r/5)
jj <⇠ 2.5 pb - [5] < 1300 (r/5)

Table 1: Upper bounds at 95% confidence level on pp cross sections at
p
s = 8TeV for various

final states produced through a resonance with M = 750GeV and �/M ⇡ 0.06. Assuming that

the production cross section grows as r = �
13TeV

/�
8TeV

⇡ 5, and that S ! �� fits the central

value of the �� anomaly, we show in the last column the upper bounds on the partial widths in

di↵erent channels. Similar analyses claim a bound on the jj cross section which is weaker by

a factor of few, and with a surprisingly large dependence on the assumed width and shape.

In the opposite limit ��� � �gg, production from �� partons becomes important and this
is reflected in the figure by the fact that all allowed bands become horizontal at negligible �gg

and at

�(S ! ��)

M
= 0.008

r
�

M
⇡ 0.002 i.e. BR(S ! ��) ⇡ 0.008

r
M

�
⇡ 0.03. (8)

However, at the same time, Run 2 and Run 1 �� data become incompatible such that a joint
fit has a poor confidence level.

In each point of the allowed region in fig. 1a above the blue band (coloured in yellow), eq. (7)
determines the value of the total width. In particular, along the green band the constraint on
the total width �/M ⇡ 0.06 is satisfied. This is the region singled out by the ATLAS data, taken
at face value. In each point of the plane in fig. 1a we can compute the rate of dijets induced
by the decay of S back into two gluons. Searches for dijet resonances at

p
s = 8 TeV [5] rule

out the grey region in the figure. Note that, for �gg > ���, a resonance coupled only to gluons
and photons (which corresponds to the intersection between blue and green bands) predicts a
peak in pp ! jj in tension with the existing experimental upper bound.

In order to relax this constraint, it is useful to consider extra decay channels beyond ��
and gg. Table 1 summarises the upper bounds on cross sections at 8 TeV due to an s-channel
narrow resonance at 750GeV, decaying into various final states. In the last column of the table,
the limit on the 8 TeV cross section is translated into a limit on the partial decay width, in
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What IF Di-Photon?

Domande:

1.Può essere? Si

2.Che può essere? Di tutto, ma non può essere da solo

3.Se fosse, che altro ci sarebbe? Un nuovo settore!
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What IF Di-Photon?

Domande:

1.Può essere? Si

2.Che può essere? Di tutto, ma non può essere da solo

3.Se fosse, che altro ci sarebbe? Un nuovo settore! 
4.Perché non ci avete pensato prima?



Conclusioni

Reali o meno, analisi eccessi rivela che:

• Scoperte possibili a run-2   


• Piccolo salto in energia = grande progresso in esplorazione


• Tanto lavoro da fare!
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“Learn from yesterday, live for today,  
hope for tomorrow.  

The important thing is not to stop questioning”

-A.Einstein



Conclusioni

Reali o meno, analisi eccessi rivela che:

• Scoperte possibili a run-2   


• Piccolo salto in energia = grande progresso in esplorazione


• Tanto lavoro da fare!

Se si trasformassero in scoperte:

• Non saranno soli [nuovi No-Lose Theorems], garanzia di altre scoperte


• Nuovo layer di Fisica Fondamentale alla nostra portata


• LHC, HL-LHC sufficienti solo per prima caratterizzazione 

• Future Colliders saranno strada obbligata


