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Can we understand this?
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Vanilla scenario

(Nothing here is set in stone... because there is no stone)

[ he di-photon signal iIs a new resonance!”

Y Y

L andau-Yang theorem

suggests it's a scalar | arge production rate

suggests it's gluon initiated
(** spin-2 possible, but difficult if you keep

universal couplings to matter )

e

The minimal interaction Lagrangian you need is:
9BB gww Yele

\ [ e

The iImmediate implication is that the vanilla
scenario predicts new vector-like fermions!
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New Vectorlike tfermions

The effective coupling to gluons and photons shoulo
be fairly large ( O(1) ) to accommodate o4, ~ 1 —101b

g 3

* Loop-supressed

* How many vector-like generations do you need to fit
the excess!

* What kind of couplings do you need!




lssue of the total wiath
Ll
F[¢ LN gg] — gce ¢ agaa ~ (18/47'(' P 0(1) <
>
( similar exp. for photons Generically difficult to boost up the
' couplings. Big problem with all models.

Narrow width ( < O(1) GeV)?

Ng/M arXiv:1512.04933

lo_llgﬁ’om S0 100 30 105 e Yellow region can fit the signal strength.
0. o4 e Dark blue band can fit the signal strength
: a0 assuming only decays to photons and

107 ¢ < é : gluons.

§ E %O.O ] 1 Z

N 4 | < > 2

o0t g < No real problems!

=ik photons and gluons alone are

0 sufficient

10—5% L
10-6; : . . .
= if the width 1s small!




ISsue of the total width
Large width (> O (1) GeV)?

1000, ey
IOOi You can not get a width of
O(10) GeV that is not ruled
S 101 unitarity out and fits the signal with
3 | o photons and gluons only.
o 1 di—jet \\
— 01 blue band
? fits the excess
0.01:
 6T=0 GeV BT
0.001 s S e o
104 0.01 1 100 104
arXiv:1512.04928 Fin/Tyy £

The resonance must decay to states
other than photons and gluons!



ISsue of the total width
Large width (> O (1) GeV)”

What else could the new

resonance decay to?

We haven't observed any charged states

with mass of O(100) GeV.. 7
¢ /

. , Degenerate states?
Invisible particles”?

L> Dark Matter?
Hidden Valleys?



Large width ana DM /'\m

Dark Matter to the minimal

Py o Lagrangian
m | Al
(552 + —5 62
NP — ( ) 9 ¥ RS ki
giG SG,UJ]/G'L”/ —I— gmA/;W SW'LLVW’LLV —I— giB SBMVBILLV o ﬂeW reSOﬂGﬂCG

arxXiv:1512.04917
A=10 TeV, gpm=1.5, gBB—l 8GG—1/3 gww=1/2

3 Branching Ratios :

O .8 B B BR(S—inv)

& BR(S->SM) .: 7 .
M eersom |0 : Most of the width
. | M BR(S-GG) : : ,
060 & e (B0 4 generically
. | = BR(S-Z2) ; 4 o«
0 all P - J comes from invisible
d * decays
1 : | 3.5%
0.2 - [59%]
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L arge width ana DM

Signal strength Relic density Total width
X
BB 5 96G dBB, GG ; M”LP? dgDM va gD M
9DM

7 ‘-\/



L arge width ana DM

Signal strength Relic density Total width
X
9332 s 98B, 9aa, My, gpm My, 9D Mm
9D M

n fact, requiring  QAh? ~ 0.1 and the width
essentially fixes the DM parameters!
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L arge width ana DM

Signal strength Relic density Total width
X
9332 s 98B, 9aa, My, gpm My, 9D Mm
9D M

n fact, requiring  QAh? ~ 0.1 and the width
essentially fixes the DM parameters!
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L arge width ana DM

Signal strength Relic density Total width
X
9332 s 98B, 9aa, My, gpm My, 9D Mm
9D M

n fact, requiring  QAh? ~ 0.1 and the width
essentially fixes the DM parameters!

gBB = 1 ’ gGGzO .25 N js‘-—’:“;«-, .

2.57 //
25fb

> Width = 30 GeV

1.5 f=(3—9)% ’," on’=.12
i /’/"
1. 0w 25fb - . .
| k 7Correct relic density
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DM

rge width anad

lgnal strengtn Relic density Total width
X
9332 g 9BB;9GG, My, gpMm My, 9pm
9D M

In fact, requiring QA% ~ 0.1 and the wid
essentially fixes the DM parameters!

gee=1,866=0.25, opps.

3.0

100

The conclusion Is robust
even If you vary the
couplings to gluons ana
photons
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Can the DM mediator be a pseudo-scalar 7

arXiv:1601.01571

102 Annihilation cross section

of two Dirac fermions

- via a pseudo scalar not —

'E: 1 @ velocity suppressed! 7
£ pgeveT el TS More susceptible to the

$ 107! \ 2; limits from Indirect

& o = > = Detection (ID)

[
°|
[\.)

7.2x107° TeV~'< cpp/A < 0. 6Te o :
comlA =0 b Requiring correct relic /

10—310 A "1(')2 —T (> density and the large

0.03 TeY "5 /A = 0.17 V™! ]
vl

DM Mass in GeV width Is ruled out.

It might possible to be consistent with D bounds, either by requiring
under-abundant DM or by changing the coupling to the W...



f the di-photon signal Is indeed real. ..

... and the large width Is explained by
Dirac fermion DM ...

.. a signal consistent with a 750 GeV DM mediator

and 300 GeV DM with O(|) couplings
should appear in the MET+] channel

... and a signal consistent with ~300 GeV DM
particle should appear In direct detection




S the prediction reasonable’?

example points which give

the right resonance features and L
correct relic density

benchmark (9aa,988) 9pm My (GeV) Tin(G UW ) at 13Te h2
P1 (0.25,1) Bsll 322 30 0.2 0.10
P2 (0.25,2) 2 307 29 25 0.12
D3 (0.14,1) 2.7 323 29 2.1 0.12
D4 (0.14,2) Vo, 308 31 7.8 0.12

\
Benchmark Oz OMET+j Ot o (aues o9
—35fh <6fb <2fb <103 b = i(ptEcnRE

D1 0.86 3.7 1.4 1.3 3.9.10 32 6.9.1046
D2 3.6 3.5 6.0 1.4 5.5 - 1032 4.6-1046
ps 0.3 12° U048 - 014 400N
Pa i1 1.9 1.8 013 6210732 1 6. 10—46

A\ except for p2, example points consistent
— with existing exp. constraints



S the prediction reasonable’?

example points which give

the right resonance features and L
correct relic density

benchmark (g9ca,98B) 9pm My (GeV) T'int(G UW ) at 13Te h2

\

D1 (0.25,1) Dl 322 30 6.2 0.10

D2 (0.25,2) 87 307 29 25 0.12
D3 (0.14,1) T 323 29 gl 0.12
D4 (0.14,2) 2.3 308 31 7.8 0.12

\

el | direct detection “favors T o
pure scalars because of (S \€ 1 e

= b-wave suppression 20 10 00 i T —
D2 3.6 3.5 6.0 1.4 5.5 - 1032 4.6-1046
p3 0.3 1.2 0.48 U e 2.3.10~46
7 1.1 1.2 1.8 TRIRE N G20 10 1.6 . 1046
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A\ except for p2, example points consistent
— with existing exp. constraints



S the prediction reasonable’?

4-dimensional par. space
projected onto gee and gss

Dashed/dotted curves
represent the
strongest/weakest bounds
(depending on the values of
DM mass and coupling)
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0. Allowed parameter
8.0 05 10 15 2.0\5 3.0 space

8BB




[ he di-photon signal iIs not a new resonance!”



Kinematic eg Qe arXiv:1512.06824

Assume more complicated decay chain ending into invisible particles

(@ T (DR N [CH.
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Kinematic eg Ui arXiv:1512.06824

Assume more complicated decay chain ending into invisible particles
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Consistency with < Small Missing energy in
observed signal

events with large M.,



