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CMS: local 2.60 for narrow width

<20 for wide width
(global <1.207)

ATLAS data prefer large width I'/M~0.06 while CMS data prefer narrow width
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What's new in CMS data

Small enhancement in data : 2.6 fb!l - 2.7 fb'l

Data re-reconstruction, using updated channel-to-channel calibration
~30% improvement of resolution in high mass region
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Some hints in CMS Run-I ?
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New Physics or not

Statistical fluctuation

The excess is near to the event tail.
No excess in other channels so far — constrain new physics models.

There have been many other 2~4¢ signals at LHC, but many of
them were already washed out.

New physics

Both ATLAS and CMS see the excess — similar to Higgs boson discovery

About 300 papers have tried to interpret the diphoton excess as NP

The diphoton excess deserves investigation of all possible BSMs



Run-l constraints

Diphoton resonance could decay into other SM particles,
in particular Zy and ZZ due to gauge invariance.

Monojet search also constrain new physics models for the diphoton
excess — implication on dark matter
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Mass in GeV

Typical I'/M In QCD

Composite neutral bosons of QCD
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Large I'/M may easily be achieved in the composite model
with QCD or QCD-like interactions, but model-dependent.



Composite model (SU(2) singlet)
« a new confining gauge group SU(N,) with the confinement scale A,

1 y b
oh = P TIIN, = 20p)an(M)

 a new vector-like h-quark (hyper quark) Q and its partnerQ (or
scalar h-quark Q and its antiparticle Q").

SU (3). xSU(2), xU (@), xSU(N,):(3,LY;N,)
e both Q and Q are heavier than the confinement scale A,

- QQ(QQ") bound states can be treated as heavy quarkonia,
in analogous to J/w,n_,etc. in QCD.

e assume that Q is the only hyper-quark or the lightest one.



Composite model (SU(2) singlet)

 vector-like mass — weak constraint from EWPO

e SU(2) doublet model: constrained by EWPQOs and Higgs signal
strength at the LHC

e constraint from cosmology, for example, BBN



Potential of bound state
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» Coulomb dominance might be a reasonable good approximation
for the entire range of ¢,

« Assume the binding potential is Coulombic v = - £

* In order to get more reliable results, more precise calculations
such as lattice h-QCD simulations would be required.



Wavefunction at the origin
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SU(2) singlet fermion model

« fix my=375 GeV for interpreting the diphoton excess as a bound
state of QQ in the spin-singlet S-wave state, 7, .

* the binding energy is

» the mass of the excited state is

e exists the spin-triplet partner, vy .
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Glueball mass in pure SU(3)

quenched lattice calculation unquenched lattice calculation
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Glueball mass in pure SU(3)
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Glueball decay length
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Production cross section
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The production cross section « the wavefunction at the origin

20



olpp—ng-1) [fb]

[t [GeV]

Diphoton cross section
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Spin-triplet partner ¥

(72 — 9)ai N.(NZ —1)(N2 - 4) ) may be forbidden
() — : : Ry5(0)|° . .
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Spin-triplet partner ¥

Yo = 9n9,0, Yo 77 90910,

Branching ratio
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Production cross section of 4

Drell-Yan > M
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Drell-Yan production

Yo 77 90909

101 E Nh=3| T T T T T T
L Nh=-4
- Nh=5

0 _ —

107 - R _ =
E~ e === mmmmmmmmmmmmm————————— e e
P R
'/J‘ e - I
v e

107 £ - -

107 £ .

10-3 ] 1 ] 1 ] 1 ]

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

U

E _ Nh:3 E

P —— Np=4 ]

L — Nh:5 i

10 ¢ E
1 E | — 1
0.1 ¢ E

0.01 LB oo L
0.01 0.1 1 10 100

o(pp—ng—yy) [fb]

alpp—wg—I'T) [fb]

alpp—yig—I'T) [fb]

100

DD'I | | | | | | | |

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Oy
100 ———rrrr————rrrr
¥s=13TeV ]
vs =8 TeV 1
10 3
§
i / = ;
01 F / i E
T |
0.0 0.1 1 10

o(pp—sng—7i) [fb]

100



hadro-production
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SU(2) singlet scalar model

« fix my=375 GeV for interpreting the diphoton excess as a bound
state of QQ'"in the hypercolor-singlet S-wave state, 7.

 NO spin-triplet partner since the constituent particles are scalar quarks

« JPC=1- state comes from radial excitation with nonzero orbital angular
momentum, J=L=1.

N.Npao?ed |~ 2 _ NeNpoledrw(4—1z) 2
e 3 mm) = " TQ I(n- —77) = Q Rys5(0)]
Nu(N2 —1)a? |~ NcNpalebal (8 —8rz + 3r2)V1—r7 |~ 2
I'(ng — gg9) = = (g —+ ZZ) = 9 2 s(0)
(fj‘Q y(j) 85\’@”’%@ | J,',:;,. — 47 ]IFI”I._ 'I'X]E[I — .?'!_u-]j ‘RL (0)
N.(N2 —1)a? |~ 2 -
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3Nk evolve into h-glueballs



Branching ratio

Branching ratio

SU(2) singlet scalar model
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SU(2) singlet scalar model

M5 = 9n9n

102 ; T N3 T T T T T T
3 Ny =4
L Np=5
10] 3 3
10° : S —
107" / 3
102 ! ! ! ! ! ! !
0.1 0.2 0.3 0.4 0.5 0.6 oy 0.8 0.9 1
e
‘Ilf.:':2 E T T
2 /
10 3 E
10° 3 ,
E ."llll
I,
L ;
10 / E
Np=3 /
10'2 "'I""I' |r:l_||m| Sl ol R
0.01 0.4 1 10 100

o(pp—ng—y) [fo]

alpp—ng—w) [fb]

Tyt [GeV]

s 77 9n9h

10° ¢ 1 'Nh=3| T T T T T- _I_.
Ny,=4
I Ny=5 4
107 | 4 —_
10" " T 3
10° ma E
[ E
10-2 1 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Chy
10 F 3
10°F 3
107 5
scalar quark i
10-2 | L el 1
0.01 0.1 1 10 100

a(pp—ng—1y) [fb]



P'Wave State Z(j Prelimenary
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Branching ratio

Branching ratio

100

—
S

10”2

1072

P-wave state X;

X5 ™ 9n9n0s

T T T T ITTTg T T T

o
=

100

—
S

-
S
]

107

T T T T

©
=

Branching ratio

Branching ratio

=
9

1072

103 &

107

Prelimenary

ZQ 7L) 9,9,0;,

// _ _ -_:
_ __________ _____Afl —_‘:
] %Y ]
. | BES——

TR T T T T
1 | ]

._\..




o(pp—xq—1'T) [fb]
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Drell-Yan production
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SU(2) doublet fermionic model

i TE
QI. ‘['H

;
R

L

i
i

Prelimenary

T
“'R

(3,

2,1/6;Ny) (3,1,2/3; Ny)

Mo — 9n9,

107

- Onfh —
9 —
I —
10t L 'y
7
WWw
2 - ~
Rl R
= A
=
E 107 | T
m -
10 | ____"'--———_______
My =3
1073 1 1 1 1 1 1 1 1
0.1 02 0.3 0.4 05 06 07 0.8 0.5
I.I:r
WQ ? gh gh gh
1 1= g
T T T F B T El-hﬁgr __|____
e T ——
10 — v
- qd
I i e Z1-1 -------
T 102 f ~ T
; ,f”” W
= —_—
g 10 ]
g0y T
10° b
Mp=3
10-5 1 1 1 1 1 1 1 1
0.1 02 0.3 04 05 06 07 0.8 0.9

(3.1,—1/3; Np)

——— T T T T

L

(L.2.—1/2:N;) (L1,—1.Np)

2

(1.1,0; Ny)

107 g

107 3

a

Y,

ul s

&
S a i aal

Ll Ll L1

0.01

10 ’

01

1
olpo—ng—yy) [fo]

10% £
10% F
102 F

10' F

G {pp—vigg) [fb]

33



How to distinguish models?
S

JPC 0—+ 0++
» The polarization of two photons in the final state should be

orthogonal vs. parallel

 the azimuthal angle distribution of the forward dijet in
99 = nqlor ng) — vy

 the angular distribution of decay products of Z bosons in
g9 — nolor ?;@) — 47

 the Drell-Yan production of the spin-triplet partners, etc.
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Conclusions

* It is too early to conclude that the 750 GeV diphoton excess is a
new resonance, but it deserves investigation of all possible BSMs.

* We consider a possibility that the diphoton excess is a composite
(pseudo)scalar boson made of QQ or QQT.

» The composite models predict the spin-triplet partner and higher-
resonant states, which will also be observed soon at the LHC.

* The models can be distinguished by using the JPC determination of
the diphoton resonance and the DY production via the spin-triplet
partners.



