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THE EXCESS AT 7150 GEV - CMS
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PROPERTIES OF ¢

¢ Largest excess is found at (both
ATLAS and CMS)

e ATLAS reports a best-fit value of for the (6%
of the mass)

® The 1s roughly o(pp — @) BR(¢p — yy) ~

® No electric charge
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FURTHER IMPLICATIONS

¢ Landau-Yang theorem: spin-1 cannot decay into vy
¢ Simplest possibilities: spin-0, spin-2

¢ Simplest case: Spin-0, SM singlet: UV complete theories
imply the presence of other new particles!
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New States

generic prediction



PART I:
PHOTON FUSION PRODUCTION
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1 174
Let’s assume: Legp = 3 ¢ F, F*
Y

1. What is the cross section in terms -
of effective coupling £,/ ? y“aléqs 7y

o ! P Y r'_" Y
¢ [nfer I, from data!

2. What is the effective coupling in
terms of fundamental parameters? )

® Perturbativity?
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see also:

Fichet, GG, Royon 1512.05751
Csaki, et al: 1601.00638

Harland-Lang et al, 1601.07187

¢ Computation of cross section gives:

5 TeV)4 15 GeV|  rps  Tines rs~ 0.6...1.0

— 5.9 tb X
Opp—yyX < f’y ng 0.8 20 Yinei ~ 15...25

e At 8 TeV roughly a factor of 3 smaller, compatible

¢ Fitting this cross section to the excess:

® [ o(pp — yyX) = 8.6-201b ]
o [ o(pp — vyX) = 2.5-331b ]
¢ Determination of £, fairly accurate due to f, ~ o /4
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2.) A SIMPLE UV MODEL

¢ UV completion (renormalizable)
¢ Perturbative (loop generation) of ¢yy coupling

¢ Introduce /V (vectorlike) fermions 1/ of charge O and
mass
eQ
) & VoV V.V Y
Loypy = A1) ===
A vV
eQ
2
f% = Q%Q2N%B(7), B(t) = /7 |1+ (1 — 7) arcsin? (7'_%)} , T = 42;

¢ Width and cross section fix two combinations of
¢ For instance:
e Still perturbative:
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AIM

e Assumed that only ¢y coupling is present ( 9gg and ¢qq
vanishing or sufficiently suppressed )

¢ Determined ¢y coupling from the excess

Now (part II):

¢ No assumptions on couplings or production mode ( 100%
model independent )

¢ [s there a way to measure the ¢yy coupling?
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INELASTIC VS ELASTIC PRODUCTION

¢ Inelastic production (proton destroyed, dominant)

\é:ﬁy \é:‘” \"‘&é.r"'?
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¢ Elastic production (protons intact, subdominant )

Suppression: ~10° ~ 10!
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PROTON TAGGING

» The inelastic events can be totally suppressed by tagging the
intact protons in forward detectors

Atlas/
LHC beam CMS /  deflectedD __

Forward Detector Forward Detector

» All inelastic events can be completely rejected

» Essentially background-free (pile up under control)
» Installed in CMS, planned in ATLAS
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INELASTIC VS ELASTIC PRODUCTION

¢ Inelastic production (proton destroyed, dominant)

¢ Elastic production (protons intact, subdominant )

¢ Allows precision measurement of diphoton coupling!
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CROSS SECTION

® FElastic cross section under excellent theoretical control
e With realistic cuts the cross section is

5 TeV\ " 45 GeV Fichet, GG, Royon
A r, 1601.01712

Opp—~yypp = 0.23 tb (

Exclusion power
at 68% (95%)

f,> 14 (11) TeV

f, > 25 (19) TeV

10 20 30 60 100

Nopbs
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Region excluded

by Run -1 (8 TeV)
dijet searches

Elastic vy fusion:

95% excludable
region at 300 fb-!

) searches and are

» More data will improve both bounds and can cover the
predicted by the diphoton excess
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Elastic vy fusion:

95% excludable
region at 300 fb-!
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1
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CONSTRAINTS FROM GAUGE INVARIANCE

1
e Uptonow: Loy = ¢(F )| (not SU(2)xU(1) invariant! )

/ N

Lqﬁvv—f ¢ (Wpw)? +—¢( )

W /B

¢ Diphoton coupling comes with other couplings
¢ Two parameters, express in terms of

23wcw(r—1) s2r + ¢ 2
= = Zyu M + Lz, + W, |?
Letf f7¢( 2r+s2 cZr+s2 M 2r4+s2

¢ Constraints on these couplings exist from run-1 diboson
measurements
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lower limit (excess) functionofr

e Strongest constraint: Zy a%fev ﬁ Te 13 — F '7
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