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1. A new resonance at /50 GeV?

ATLAS di-photon results: CMS di_photon results:
3.90 local excess at +/s=13TeV 3.40 local excess at +/s=8+13TeV
(and now about 2 o from 8 TeV). (improvement since December).
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It has a smell of December 2011 the biggest discovery since decades?
the (other?) Higgstorical day.... the mother of statistical fluctuations?

Planck—Valencia, 27/05/2016 The 750 GeV state in the MSSM — Abdelhak Djouadi — p.2/15



1. A new resonance at /50 GeV?

_ _ And?
Lucky experimentalists: Poor theorists:
Too early to claim anything... Waiting for new physics for 30 years,
it is only three poor sigmas! and recently started to get desperate...

and something interesting appears.

So do your job and collect data We do our job and interpret data!
L (and leave the theorists enjoy!) Even more: look at far implications! J
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Tsunami of theory papers trying to interpret the 750 GeV diph otons: T

10 papers the very first day, Floril ege of explanations:
100 at the end of the year, — cascading heavy quarks,
> 300 papers as of today.. — collimated 2x2 photons,

— new gauge bosons Z'+X

— sgoldstinos and other SUSY,
— quirks, hidden valleys?

— statistical fluctuation...

But most papers are talking
about a new heavy resonance:

— Dark matter mediators
s — Technipions/Goldstones, ..
15 16 17 1s 1o 20 21 22 23 24 — Axions,radions/dilatons,..
e St — Gravitons or any spin 2...
— Higgs bosons...

and other possibilities...

| try two possible interpretations
In the plain/pheno MSSM with Rp J
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Selection of interpretations heard during Planck—2016 in V alencia: T
SS

e Marek OLECHOWSKI: Pure NMSSM interpretation of 750 GeV exce

e Martin WINKLER: 750 GeV Diphotons in Supersymmetric GUTSs

e Luc DARME: Di-photon excess and Dirac gauginos

e Sebastian ELLIS: models for the di-photon excess

e Matthew TALIA Composite bound state explanations for the 75 0 GeV...
e Manuel KRAUSS: A toolbox for diphoton model building

e Anibal MEDINA: Radion/Higgs phenomenology and the diphoto N excess
e Christian GROSS: Drell-Yan Constraints on New Electroweak States...
e Dipan SENGUPTA: Characterising the 750 GeV diphoton excess

e Pietro BARATELLA: A closer look to the sgoldstino interpret ation....

e Alberto MARIOTTI: Di-photon excess illuminates Dark Matte  r

and some very closely related issues discussed in other sess lons and,
of course, some mentions/discussions of the topic in the ple nary sessions:

e Martine BOSMAN: Recent ATLAS results

e Joao VARELA: Recent CMS results

e Ignatios ANTONIADIS: Aspects of string phenomenology and n ew physi
e \Wolfgang G. HOLLIK: A new view on CCB in the MSSM

e \Werner POROD: Is supersymmetry still alive? J
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fln the MSSM we need two Higgs doublets: H; = (E:) and Hy = (Iﬂ{@

After EWSB: 3 dof for W ,Z1, = 5 physical states leftout: h, H, A, H*

General 2HDM: 6+1 free parameters: tan(, o, My, My, M, Mg+, mqo
MSSM: only two parameters at tree-level:  tan(, M o but radcor important:
M, SMz|cos25|+RC <130 GeV ) Mga~Ma ~Mpu+ SMgwss

— Couplings of h, H to VV are suppressed; no AVV couplings (CP).
— For tanf > 1: couplings to b (t) quarks enhanced (suppressed).

¢ Joau Jodd Jgovv

h x5 1 sima ] sin(f — a)— 1
sin asm P Cosco(z)S b

H G~ 1/tanf &5 —tanf  cos(f —a)— 0

A 1/tan g tan 0

Decoupling limit of the MSSM: M ~Mpu~ M= > My and h light.

Same as alignement limit of 2HDM: a=/(— %77 so as h couplings SM-like.

1 SM-like light h and 2 CP-odd like heavy Higgses with cplg to t o, 7 only
= h=Hgmy, P=H A
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fLarge width scenario (as in ATLAS): obtained from d—fermion couplingsT
— couplings to massive gauge bosons all eaten by the SM—like 1 25 GeV h,
— only couplings to fermions allowed: either tops, bottoms, Oor new ones...

ot = - cot B, Gapp, = “ 2 tan B, gorr = %= tan 3
with tanf = vy /vy small tanf ~ 1 orlarge tanf ~ m;/my ~ 60
~tanf ~1: BR(® — tt) ~ 1,BR(yy) = 107>, I's =~ 30 GeV.
—~tanf ~ 60 : BR(® —bb)~0.9, BR(77)~10"", I's ~ 30 GeV.
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\_— tan =~3-10: allow for light lepton (DM?) decaystoget I'¢s ~ 30 GeV.
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2. The heavier H/A states of the M SSM ?

fNot large values tanf 2 20: Also not low values tangf < 1:
o(gg, bb— ® — 77) too large o(gg — P — tt) too large
ATLAS and CMS very sensitive ATLAS+CMS searches sensitive
—> region totally excluded. —> region being excluded.

CMS Preliminary, H—m: 4.9 fb at7 TeV 19 7 fb at 8 TeV

? MSSM m,"** scenario Msus,, =1TeV ] ‘é Jf ATLAS Obs. 95% CL upper limit
b L i 'ET\ 10 Vs=8 TeV, 20.3 fol mmeeeees Exp. 51)5% CL l:p_p(ir limit
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L : . "N/ 102 Exp. 2 o uncertainty
y @ L e Leptophobic Z'(1.2%) (LO x 1.3)
10 _ o SO\ — — Leptophobic Z'(2%) (LO x 1.3)
- 95% CL Excluded: [ x'_\, 10 \\\\\ — + = Leptophobic Z'(3%) (LO x 1.3)
:;:ns::nej:cted : °
—— expected
+ 10 expected H
+ 20 expected
I LepP I
1§
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Valid only if no SUSY decays analysis valid only for spin—-1
so that BR(H/A — 77) maximal no interference with gg —tt bkg
OK in the MSSM with large M. (full @ analysis in progress...)
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n principle and unfortunately the MSSM

0.1

without new particle does not make it! d; JAM., T
Rates for gg — ® — ~ at the LHC: oos|  [B/CeV] HiA
o(gg—H) = 0.85 fb @13 TeV | MATTes Gev

BR(H — vvy) ~ 6 x 1076

o(gg—A) =1.70b @13 TeV

BR(A — vy) =~ 7 x107°

ocxBR(H + A)~10"2 fb ,
We are short by at least factor 200...
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Solution proposed in many instances:
Include a bunch of VL quarks/leptons
with large Yukawa/charge/multiplicity

But watch out:
— perturbativity, EW data, LHC data
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Kggx'yfy

o
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— and above all, for the light Higgs!
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Maybe Xi threshold enhancement of the

-

Al/2 form factor for P®=H/A— vy
— larger for fermions than scalars

— much larger for A than for H

— maximal at the 2my¢ threshold
Re = 72/2, Im = 872 /m?

Threshold enhancement of A1/2'

sit exactly ( = MeV) at threshold

—> Coulomb singularity at NLO

Regulated by fermion total width

If fermion width I'g very small:

very large enhancement factor
F=AY2 /A2 > 1

LVery contrived but plausible??

A — ~y decay rate?
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v* system described A couplingsto  x* Including x} systerﬂ

by 1, Mg, tanf only to mixtures of +linput M; =~ m
If u~ My > Mw higgsinos—gauginos Only p053|ble deca X
mxi ~ 1+ Mw BAx xT = T8BAx;xi X1 —X§ W* = x ff
both’ = enter Ayy total contribution tiny 3-body = small 1", +
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Comparable param. =~ My~ VM = compressed spectrum m, + R 1,0

e Dilepton and trilepton searches: pp — XiX; — nl + EmlS
e Additional channels from g — Yjj and q — qY if not heavy...
\— o 51" searches (soft () including from H/A decays: DM-like searches J
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In fact one can also explain the diphoton excess (after some d elay..) i
gg— H and H—~~!

terms of light stop loops that contribute to both

Ingredients: stop at %MH threshold, large couplings and small H width.
I'g ~ 2Gev@tan 3=3-15
I'g ~30Gev@tan £=1
iIncrease of BR(H — )
evade tt/ 77 constraints

H~~, Hgg factor Agl - H clouplings to stops:
—small for mg>Mpg X 5y (Agcot3—p)
_AH_ é@threshold large for ,u afew xMg
— QED/QCD enhanced! (At— tanﬁ fMS)
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|fwith all ingredients in a naive LO calculus, one gets an enhan cement: T

E | U(f‘@)/@(fl)hanﬁlﬂ

gg — H — vy

100 |
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e easy factor of 100 enhancement for not so large 112> 3TeV at tan 3 ~10.
e another factor of 2-10 enhancement at amplitude level from C oulomb!
e another enhancement by a factor 1.5-2 from mixing with stopo nium...

e Natural SUSY scenario not excluded by data if m, o 2 300 GeV (DM!)
e Satisfies all constraints including that on light h mass and p roperties
\_o Interesting phenomenology to be soon probed at the LHC (eg: Z +Em ).,
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5. Conclusion

And? Too early to conclude... but life suddenly became brigh t...
Fis_really a new respnanpe? But again we should hear the T
or simply another (big) mirage? experimentalists and their credo:

‘r‘

IWENEED MOF

—
T

_ OK, OK, we walit for more data;
If true then the future looks bright: in summer we will know more...
a new continent (iceberg?) ahead
and needs decades of exploration.

@ast, the long sought BSM!

(but in the meantime, let us “speculate”
and get prepared for a revolution, or
the biggest hangover in recent history..).
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Thank You!
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