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Diphoton invariant mass searches
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�(pp ! ��) = (6± 3) fb

�(pp ! ��) = (10± 3) fb

local significance of 3.6σ 
wide width preferred Γa/ma  ~ 0.06 

local significance of 3.4σ 
narrow width preferred 



Effective Lagrangian for Jp = 0-
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New elementary axion-like or composite η’-like state with a mass of 750 GeV

with

Effective coupling to a vector-like quark T with mT  > ma/2 :

which induces/affects cGG and cAA .

It is possible to derive distinctive signatures aimed at disentangling the 
composite nature from the elementary one.

If cGG and cAA  are generated only by triangle diagrams with the SM top, it is not 
possible to explain the diphoton resonance



Elementary axion-like scenario

4Emiliano Molinaro (CP3-Origins) LHC SKI 2016 Obergurgl, Tirol, 11-04-16  Emiliano Molinaro (CP3-Origins) 4

Production via gluon fusion mediated by a new vector-like quark T

B(a ! ��) ⇡ 0.0063

B(a ! �Z) ⇡ 0.0037

B(a ! ZZ) ⇡ 0.00055

From T-­‐‑loop contribution:

cTGG = yT
↵S

2⇡
F

✓
m2

a

4m2
T

◆

cTAA = yT
4

3

↵em

⇡
F

✓
m2

a

4m2
T

◆

SU(2)L invariance implies:

cTAZ = tan(✓W ) cTAA

cTZZ = tan2(✓W ) cTAA

fa/|yT | = 245+100
�45 GeV

non-perturbative  
coupling for
mT & 1 TeV

a

observation of Zγ  (Z→ll) with ~100 fb-1

σ(a→jj) ~ 7 fb



Minimal composite model at the EW scale
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New strongly coupled sector engaging a SU(NT) gauge interaction 

The theory dynamically explains the breaking of the electroweak symmetry

Minimal model with NF = 2 techniquarks (SM colour singlets)

QL ⌘ (UL, DL) UR, DR

Hypercharge assignments:

Y (QL) =
y

2
, Y (UR/DR) =

y ± 1

2

Y (LL) = �d(R)
y

2
Y (NR/ER)

�d(R) y ± 1

2

LL ⌘ (NL, EL) NR, ER

New leptons cancel gauge anomalies (needed for non-zero QL hypercharge)

y: real parameter 

d(R): dimension of the 
representation R of the 
techniquarks under SU(NT)



η’-like diphoton resonance
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U = ei�/FT
= exp


i

FT
(a + ⌧ ·⇧)

�

The new strong gauge sector generates chiral and EW symmetry breaking with  
confining scale ΛT and technipion decay constant FT

Pseudoscalar state associated with  
U(1)A anomaly, analogous to the QCD η’ 

U ! uL U u†
R

EW interactions are a subgroup of SU(2)L ⇥ SU(2)R ⇥ U(1)V

m2
W =

1

2
gW F 2

T m2
Z =

1

2

q
g2W + g2Y F

2
T

FT = 246 GeV

technipions provide the longitudinal  
components of W and Z

Under a chiral transformation:



η’-like diphoton resonance

77

Below the composite scale ΛT  the low energy physics is described by an 
effective  Lagrangian satisfying all the symmetries of the underlying theory

Le↵ =
1

4
F 2
T Tr

h
(DµU)† DµU

i
+ Lma + LWZW + . . .

Emiliano Molinaro (CP3-Origins) LHC SKI 2016 Obergurgl, Tirol, 11-04-16  Emiliano Molinaro (CP3-Origins) 7



η’-like diphoton resonance
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Below the composite scale ΛT  the low energy physics is described by an 
effective  Lagrangian satisfying all the symmetries of the underlying theory

Le↵ =
1

4
F 2
T Tr

h
(DµU)† DµU

i
+ Lma + LWZW + . . .

9

with F

T

= v = 246 GeV.
Heavy vector mesons are also generated by the composite dynamics. The relevant states here are given by one

isosinglet (!) and one isotriplet (⇢) spin-1 resonance, which is described by the matrix

Vµ = � (!µ + ⌧ · ⇢µ) , (20)

where � is a parameter connected to the ⇢-⇧-⇧ e↵ective coupling. These new vector mesons have typically masses
of the order of a few TeVs [68–70]. In this case, their mixing with the technipions, namely the EW gauge bosons,
which could in principle have an impact on the decays of a, can be safely neglected. Furthermore, since this study
will be focused on the phenomenology of the pseudoscalar meson, we will assume in the following that the vectors
are decoupled. A specific study of collider signatures of composite vector mesons that might be lighter because of
near-conformal dynamics is very interesting and will be presented elsewhere.

The low energy physics below the composite scale ⇤
T

is encoded in the following e↵ective Lagrangian L
e↵

con-
structed to respect all the symmetries of the underlying theory. Neglecting gauge fixing and Faddeev-Popov terms,
the skeleton of the e↵ective Lagrangian reads:

L
e↵

= � 1

4
B

µ⌫

B

µ⌫

� 1

4
Tr [Wµ⌫

W

µ⌫

] + L
comp

+ L
ferm

, (21)

where B

µ⌫ and W

µ⌫ are the field strengths of the EW gauge bosons. Here the techniquarks and the SU(N
T

) gauge
fields are integrated out, while the SM fermions and the new leptons N and E are coupled to the composite states via
SU(2)

W

⇥U(1)
Y

invariant operators in L
ferm

, which originates from an unspecified extended gauge dynamics (EGD).
The details of the underlying theory are encoded in the e↵ective parameters of L

e↵

. The measurement of some of
them in current and future collider experiments will allow to infer more insights about the new strong dynamics that
can be confronted with first principle lattice predictions. Here we point out the importance of searches for diphoton
resonances. In fact, in our theory the composite meson a can be naturally identified with the particle responsible for
local excess in the diphoton invariant mass at 750 GeV.

The Lagrangian L
comp

in (21) contains the gauge invariant e↵ective interactions involving U . In particular, the
leading terms are:

L
comp

=
1

4
F

2

T

Tr
h
(DµU)† D

µ

U
i
+ L

ma + L
WZW

+ . . . (22)

The covariant derivative in (22) takes the standard form

DµU = @

µU � i A

µ

L

U + iUAµ

R

, (23)

with

A

µ

L

= g

Y

✓
Q� 1

2
⌧

3

◆
B

µ +
1

2
g

W

⌧ ·W µ

, A

µ

R

= g

Y

QB

µ

, (24)

where Q is the electric charge matrix of the fundamental techniquarks. Under SU(2)
W

⇥U(1)
Y

gauge transformations

A

µ

L

! u

L

A

µ

L

u

†
L

� i @

µ

u

L

u

†
L

, A

µ

R

! u

R

A

µ

R

u

†
R

� i @

µ

u

R

u

†
R

. (25)

where u
L

2 SU(2)
W

and u

R

⌘ exp(i ✓(x) ⌧
3

/2). Notice that the matrix U is not sensitive to the hypercharge parameter
y, because it is formed by pairs made by a techniquark and the corresponding antiparticle, see (17).

The physical masses of the EW gauge bosons in (19) arise directly from the first operator in (22), whereas L
ma

provides a mass term for a. Taking the techniquarks in the fundamental representation, d(R = Fund) = N

T

, the
corresponding gauge invariant Lagrangian is

L
ma =

1

32
m

2

a

F

2

T

Tr
⇥
lnU � lnU†⇤2

, (26)

where the mass m
a

is given at leading order in the large N

T

limit by the Witten-Veneziano relation [102, 103]

m

a

=

r
2

3

F

T

f

⇡

3

N

T

m

⌘0 ⇡ 6

N

T

TeV . (27)

Here f

⇡

= 92 MeV is the pion decay constant and m

⌘0 = 849 MeV. ⌘
0

indicates the QCD SU(3) flavor singlet state
in the chiral limit with m

2

⌘0
= m

2

⌘

0 + m

2

⌘

� 2m2

K

. As we can see from (27), for techniquarks in the fundamental

For massless techniquarks in the fundamental representation, d(R)=NT, we  
have in the large NT  limit the Witten-Veneziano relation: 

9

with F

T

= v = 246 GeV.
Heavy vector mesons are also generated by the composite dynamics. The relevant states here are given by one

isosinglet (!) and one isotriplet (⇢) spin-1 resonance, which is described by the matrix

Vµ = � (!µ + ⌧ · ⇢µ) , (20)

where � is a parameter connected to the ⇢-⇧-⇧ e↵ective coupling. These new vector mesons have typically masses
of the order of a few TeVs [68–70]. In this case, their mixing with the technipions, namely the EW gauge bosons,
which could in principle have an impact on the decays of a, can be safely neglected. Furthermore, since this study
will be focused on the phenomenology of the pseudoscalar meson, we will assume in the following that the vectors
are decoupled. A specific study of collider signatures of composite vector mesons that might be lighter because of
near-conformal dynamics is very interesting and will be presented elsewhere.

The low energy physics below the composite scale ⇤
T

is encoded in the following e↵ective Lagrangian L
e↵

con-
structed to respect all the symmetries of the underlying theory. Neglecting gauge fixing and Faddeev-Popov terms,
the skeleton of the e↵ective Lagrangian reads:

L
e↵

= � 1

4
B

µ⌫

B

µ⌫

� 1

4
Tr [Wµ⌫

W

µ⌫

] + L
comp

+ L
ferm

, (21)

where B

µ⌫ and W

µ⌫ are the field strengths of the EW gauge bosons. Here the techniquarks and the SU(N
T

) gauge
fields are integrated out, while the SM fermions and the new leptons N and E are coupled to the composite states via
SU(2)

W

⇥U(1)
Y

invariant operators in L
ferm

, which originates from an unspecified extended gauge dynamics (EGD).
The details of the underlying theory are encoded in the e↵ective parameters of L

e↵

. The measurement of some of
them in current and future collider experiments will allow to infer more insights about the new strong dynamics that
can be confronted with first principle lattice predictions. Here we point out the importance of searches for diphoton
resonances. In fact, in our theory the composite meson a can be naturally identified with the particle responsible for
local excess in the diphoton invariant mass at 750 GeV.

The Lagrangian L
comp

in (21) contains the gauge invariant e↵ective interactions involving U . In particular, the
leading terms are:

L
comp

=
1

4
F

2

T

Tr
h
(DµU)† D

µ

U
i
+ L

ma + L
WZW

+ . . . (22)

The covariant derivative in (22) takes the standard form

DµU = @

µU � i A

µ

L

U + iUAµ

R

, (23)

with

A

µ

L
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Y

✓
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⌧
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◆
B

µ +
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W
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µ
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, (24)

where Q is the electric charge matrix of the fundamental techniquarks. Under SU(2)
W

⇥U(1)
Y

gauge transformations

A

µ
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µ

L
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L
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. (25)

where u
L

2 SU(2)
W

and u

R

⌘ exp(i ✓(x) ⌧
3

/2). Notice that the matrix U is not sensitive to the hypercharge parameter
y, because it is formed by pairs made by a techniquark and the corresponding antiparticle, see (17).

The physical masses of the EW gauge bosons in (19) arise directly from the first operator in (22), whereas L
ma

provides a mass term for a. Taking the techniquarks in the fundamental representation, d(R = Fund) = N

T

, the
corresponding gauge invariant Lagrangian is

L
ma =

1

32
m

2

a

F

2

T

Tr
⇥
lnU � lnU†⇤2

, (26)

where the mass m
a

is given at leading order in the large N

T

limit by the Witten-Veneziano relation [102, 103]

m

a

=

r
2

3

F

T

f

⇡

3

N

T

m

⌘0 ⇡ 6

N

T

TeV . (27)

Here f

⇡

= 92 MeV is the pion decay constant and m

⌘0 = 849 MeV. ⌘
0

indicates the QCD SU(3) flavor singlet state
in the chiral limit with m

2

⌘0
= m

2

⌘

0 + m

2

⌘

� 2m2

K

. As we can see from (27), for techniquarks in the fundamental
m2

⌘0
= m2

⌘0 + m2
⌘ � 2m2

K ⇡ 850 GeV

a natural candidate for the 750 GeV state
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η’-like diphoton resonance
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Below the composite scale ΛT  the low energy physics is described by an 
effective  Lagrangian satisfying all the symmetries of the underlying theory

Le↵ =
1

4
F 2
T Tr

h
(DµU)† DµU

i
+ Lma + LWZW + . . .

� = a + ⌧ ·⇧

Gauged Wess-Zumino-Witten topological term associated with global axial-vector currents 
anomalies:

9

with F

T

= v = 246 GeV.
Heavy vector mesons are also generated by the composite dynamics. The relevant states here are given by one

isosinglet (!) and one isotriplet (⇢) spin-1 resonance, which is described by the matrix

Vµ = � (!µ + ⌧ · ⇢µ) , (20)

where � is a parameter connected to the ⇢-⇧-⇧ e↵ective coupling. These new vector mesons have typically masses
of the order of a few TeVs [68–70]. In this case, their mixing with the technipions, namely the EW gauge bosons,
which could in principle have an impact on the decays of a, can be safely neglected. Furthermore, since this study
will be focused on the phenomenology of the pseudoscalar meson, we will assume in the following that the vectors
are decoupled. A specific study of collider signatures of composite vector mesons that might be lighter because of
near-conformal dynamics is very interesting and will be presented elsewhere.

The low energy physics below the composite scale ⇤
T

is encoded in the following e↵ective Lagrangian L
e↵

con-
structed to respect all the symmetries of the underlying theory. Neglecting gauge fixing and Faddeev-Popov terms,
the skeleton of the e↵ective Lagrangian reads:

L
e↵

= � 1

4
B

µ⌫

B

µ⌫

� 1

4
Tr [Wµ⌫

W

µ⌫

] + L
comp

+ L
ferm

, (21)

where B

µ⌫ and W

µ⌫ are the field strengths of the EW gauge bosons. Here the techniquarks and the SU(N
T

) gauge
fields are integrated out, while the SM fermions and the new leptons N and E are coupled to the composite states via
SU(2)

W

⇥U(1)
Y

invariant operators in L
ferm

, which originates from an unspecified extended gauge dynamics (EGD).
The details of the underlying theory are encoded in the e↵ective parameters of L

e↵

. The measurement of some of
them in current and future collider experiments will allow to infer more insights about the new strong dynamics that
can be confronted with first principle lattice predictions. Here we point out the importance of searches for diphoton
resonances. In fact, in our theory the composite meson a can be naturally identified with the particle responsible for
local excess in the diphoton invariant mass at 750 GeV.

The Lagrangian L
comp

in (21) contains the gauge invariant e↵ective interactions involving U . In particular, the
leading terms are:

L
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=
1

4
F

2

T

Tr
h
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µ

U
i
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+ . . . (22)

The covariant derivative in (22) takes the standard form
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, (24)

where Q is the electric charge matrix of the fundamental techniquarks. Under SU(2)
W

⇥U(1)
Y

gauge transformations
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. (25)

where u
L

2 SU(2)
W

and u

R

⌘ exp(i ✓(x) ⌧
3

/2). Notice that the matrix U is not sensitive to the hypercharge parameter
y, because it is formed by pairs made by a techniquark and the corresponding antiparticle, see (17).

The physical masses of the EW gauge bosons in (19) arise directly from the first operator in (22), whereas L
ma

provides a mass term for a. Taking the techniquarks in the fundamental representation, d(R = Fund) = N

T

, the
corresponding gauge invariant Lagrangian is

L
ma =

1

32
m

2

a

F

2

T

Tr
⇥
lnU � lnU†⇤2

, (26)

where the mass m
a

is given at leading order in the large N

T

limit by the Witten-Veneziano relation [102, 103]
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TeV . (27)

Here f

⇡

= 92 MeV is the pion decay constant and m

⌘0 = 849 MeV. ⌘
0

indicates the QCD SU(3) flavor singlet state
in the chiral limit with m

2

⌘0
= m

2

⌘

0 + m

2

⌘

� 2m2

K

. As we can see from (27), for techniquarks in the fundamental

LWZW = � d(R)

48⇡2FT
✏µ⌫⇢�Tr

⇥
�
�
@µA⌫

L@
⇢A�

L + @µA⌫
R@

⇢A�
R + @µ (A⌫

L +A⌫
R) @

⇢ (A�
L +A�

R)
�⇤

� i d(R)

48⇡2F 3
T

✏µ⌫⇢�Tr
⇥
@µ�@⌫�@⇢� (A�

L +A�
R)

⇤
+ . . .

a ! ��, �Z, ZZ, W+W�
three-body decays a→3Π ( relevant only for ma  ≳  2  TeV  ) 

topological sector predicts 
a decay rates: 
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η’-like diphoton resonance
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Production via gluon fusion mediated by a new vector-like quark T

From T-­‐‑loop contribution:

cTGG = yT
↵S

2⇡
F

✓
m2

a

4m2
T

◆

cTAA = yT
4

3

↵em

⇡
F

✓
m2

a

4m2
T

◆

SU(2)L invariance implies:

cTAZ = tan(✓W ) cTAA

cTZZ = tan2(✓W ) cTAA

cV V = cTV V + ccomp

V V

ccomp

AZ =
1� 2(1 + y2)s2W

2 cW sW

e2d(R)

8⇡2

ccomp

AA =
�
1 + y2

� e2d(R)

8⇡2

ccomp

ZZ =
1� 3s2W + 3(1 + y2)s4W

3 c2W s2W

e2d(R)

8⇡2

ccomp

WW =
e2

s2W

d(R)

24⇡2

cTWW = 0

From gauged WZW term:

a

fa ⌘ FT = 246 GeV

Di Vecchia, Veneziano, 1980 



η’-like diphoton resonance
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Parameter space reproducing the diphoton excess within 1σ

������ �

������ �

������ �

��� ��� ��� ��� ���
-�

-�

-�

-�

�

�

y

y T

non-perturbative coupling
|yT |mT /FT >

p
4⇡

d(R) = 6

production via photon fusion 
from the WZW term



η’-like diphoton resonance
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Predictions for the branching ratios for region 1 and yT ≥ 0

��(�→γγ)

��(�→��)

��(�→��)

��(�→��)

��(�→γ�)

��� ��� ��� ��� ���
���

���

���

���

���

���

���

���

y

WW  
enhanced compared to γγ  for y<1 
(absent in the axion-like case)

Zγ,  ZZ  
comparable with γγ  for small y,  
suppressed for y>1

gg  
always subdominant 

d(R) = 6



η’-like diphoton resonance
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The composite diphoton resonance passes all the LHC constraints



Top-mediated gluon fusion

12Emiliano Molinaro (CP3-Origins) LHC SKI 2016 Obergurgl, Tirol, 11-04-16  Emiliano Molinaro (CP3-Origins) 12

BR (a ! ��) = 1%

Le↵ � �iyt
mt

fa
a t�5t+ . . .

fa = 246 GeV

�a ⇡ �(a ! tt̄) ⇡ 45 GeV



Top-mediated gluon fusion and WZW decay
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If SM top mass is generated via four-fermion operators, the coupling of a to the 
top naturally gives a wide width resonance: Γa/ma  ~ 0.06 

12

FIG. 5. LHC constraints, 750 GeV ATLAS excess and expected LHC-13 future reach of the diphoton channel in the plane (ma,
y). Here a is totally produced by photon fusion. We fix the dimension of the techniquark representation to d(R) = 6. The plot
legend is the same as in Fig. 2.

L
ferm

of (21). We expect, as for the Higgs boson h, the strongest interactions to arise for the third quark generation.
Indeed, indicating the top and bottom quark mass eigenstates with Q

3

⌘ (t, b)T , their embedding in L
ferm

is given
by the SU(2)

W

⇥ U(1)
Y

invariant e↵ective operators
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The coe�cients c
1,2

are constrained by measurements of the Higgs couplings to the SM fermions [106], whereas Y
1,2

reproduce the top and bottom masses: m
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e↵ective couplings between a and the third quark generation
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which for F

T

= v predicts the e↵ective coupling to the top y

t

= 1 in the e↵ective Lagrangian (1). The Yukawa-like
terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].
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terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].
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The coe�cients c
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are constrained by measurements of the Higgs couplings to the SM fermions [106], whereas Y
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and m
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e↵ective couplings between a and the third quark generation
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which for F

T

= v predicts the e↵ective coupling to the top y

t

= 1 in the e↵ective Lagrangian (1). The Yukawa-like
terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].

Assume a direct coupling of a to SM fermions generated by the same EGD  
responsible for fermion masses:

Higgs effective couplings:

SM third generation: 

12

FIG. 5. LHC constraints, 750 GeV ATLAS excess and expected LHC-13 future reach of the diphoton channel in the plane (ma,
y). Here a is totally produced by photon fusion. We fix the dimension of the techniquark representation to d(R) = 6. The plot
legend is the same as in Fig. 2.

L
ferm

of (21). We expect, as for the Higgs boson h, the strongest interactions to arise for the third quark generation.
Indeed, indicating the top and bottom quark mass eigenstates with Q
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The coe�cients c
1,2

are constrained by measurements of the Higgs couplings to the SM fermions [106], whereas Y
1,2

reproduce the top and bottom masses: m
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and m
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e↵ective couplings between a and the third quark generation
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which for F

T

= v predicts the e↵ective coupling to the top y

t

= 1 in the e↵ective Lagrangian (1). The Yukawa-like
terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].
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The coe�cients c
1,2

are constrained by measurements of the Higgs couplings to the SM fermions [106], whereas Y
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reproduce the top and bottom masses: m
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and m
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e↵ective couplings between a and the third quark generation
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which for F

T

= v predicts the e↵ective coupling to the top y

t

= 1 in the e↵ective Lagrangian (1). The Yukawa-like
terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].

top and bottom masses:

effective couplings of a:
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which for F

T

= v predicts the e↵ective coupling to the top y

t

= 1 in the e↵ective Lagrangian (1). The Yukawa-like
terms in (32), at the underlying level, originate from e↵ective four-fermion type interactions involving two techniquarks
and two SM fermions. This scenario belongs to the class of models discussed in subsection II B, where the diphoton
resonance is wide and it is produced via top-mediated gluon fusion. Furthermore we can neglect the extra top-mediated
contributions to the e↵ective coe�cients c

V V

to the EW gauge bosons, since they are subdominant compared to the
gauged WZW terms given in (29).

We report in the right plot of Fig. 4, the BR(a ! ��) versus m
a

in the case the pseudoscalar resonance a is coupled
to the SM third generation according to (34), for d(R) = 6 and di↵erent values of the techniquark hypercharge
parameter y. The resulting total width for m

a

= 750 GeV is �
tot

(a) ⇡ 40 GeV, which is in remarkable agreement
with the wide-width scenario reported by the ATLAS collaboration [3]. In this case, taking 3.6 . y . 4.1, it is possible
to reproduce the diphoton excess 6. For values of the hypercharge parameter y ⇡ 4 the diphoton branching ratio is
of the order of 1% at m

a

= 750 GeV. This implies that our scenario is consistent with the ATLAS best-fit of the

6 When the heavy charged leptons, E and N , have masses above ma/2 and couple to a like the SM fermions, we checked that their
contribution enhances the a diphoton branching ratio in such a way that the y reproducing the excess is around 3. Notice that in the
case the pseudoscalar resonance is also coupled to a heavy vector-like quark, the gluon fusion production cross section can be further
enhanced reproducing the ATLAS excess at 750 GeV for even smaller values of y [5].

The ATLAS diphoton excess is explained for y  ≿  3

yt = 1



Summary

• ATLAS and CMS find local excesses respectively of 3.6σ and 3.4σ  
for a spin-0 diphoton resonance with invariant mass around 750 GeV 

• The new resonance can be explained by a new elementary axion-like 
or a composite η’-like state 

• Searching for new decay channels will allow to discriminate 
between the two realisations 

• A composite η’-like state coupled to the SM top naturally explains 
the ATLAS wide-width resonance fit 

• Diphoton searches will be instrumental for testing minimal 
composite models of dynamical electroweak symmetry breaking 
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