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READING THE TEA LEAVES

* thanks to Yevgeny Kats
e could the diphoton resonance be real?

e some numerology”

® in ancient greek “digamma”=6 \dj_ gamma— F

® 6 x “the god particle”
6 x 125 GeV = 750 GeV

e warning: discussions about di-photon very preliminary
® may resemble the above reading of the tea leaves

® should be settled with more data
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COMBINING THE DATA

Kamenik, Safdi, Soreq, JZ, 1603.06566
* a global combination of ATLAS+CMS, 8TeV+13TeV
e relative signal depends on production mechanism

Tve Tee Tss Tdd Tuu T'gg ‘
5.4 51 4.3 2.7 2.5 4.7 = 013Tev/08Tev

e prefers: heavy quark/gluon initial state

e combined excess significance close to 5 sigma
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DIPHOTON RATE

e the combined rate o,,=0(S) L
Br(S—=yy)
depends on whether

® spin 0, spin 2
e narrow /large decay width
e production mode

e anywhere between 1 and 10 fb Ry

narrow width (I'/m — 0)  wide width (I'/m = 6 %)

production mech. spin-0 spin-2 spin-0 spin-2
0 1.24+0.4 1.8+ 0.5 2.8 +0.7 4.4+ 1.2
e ——— w
bb 3.6 +0.8 5.3+ 1.1 6.6 +1.4 10.3+2.2
T ——————— e - e ———ER
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QUESTIONS

e Can S couple only to photons?

e Can all WW, ZZ, Zy channels be zero
simultaneously?

e What production mechanism?

e Can S have 45 GeV decay width by only
coupling to the SM?

¢ What models are viable?
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PHOTON FUSION

Csaki, Hubisz, Lombardo, Terning, 1601.00638; 1512.05776; Fichet, von Gersdorff, Rayon, 1512.05751, 1601.01712;
Harland-Lang, Khoze, Ryskin, 1601.07187

e can S couple only to photons?
e produced from photon fusion
e have EW symmetry, broken by H

e at dim-9 an operator that couples S to only yy
after EWSB

1
L9 D 3

my

Qv

S(9B,H'H — ¢W' H'o'H)?

e what symmetry ensures that this is the
leading operator?
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W FUSION

Altmannshofer, Galloway, Gori, Kagan, Martin, JZ, 1507.07927

e for instance at dim-5 two couplings

« uv (87
AB— SB, B AW 5

e possible to have large
enough production if
only these two

e but not [=45GeV

e relatively large Wilson
coetficients
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DECAYS TO OTHER EW
BOSONS

e can all WW, ZZ, Zy channels be zero
simultaneously?

e if only these two dimension 5 operators

(8 (0
TC:xV MTSTx,U
w VYW w VW

AB

e the answer is no: 4 branching ratios, 2 params
* how general is this conclusion?

® note: already at dim-4 other relevant
couplings
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EFT ANALYSIS

e assume that Effective Field Theory
expansion is valid (i.e. a mass gap exists)

® SM + extra state, S

® S can be spin-0, spin-2, EW singlet,
doublet, triplet

e here focus on spin-0 singlet

e write all operators up to and including
dim-5
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EFT ANALYSIS

® 5 params relevant for coupling S to EW gauge bosons

r’ + /\B 7 SB Bu y W a SWa Wap note change in Aw,Ag
4C ms | o Arms?,mg normalization!
HSD HTD“HW -
s _
- —SQLdRH - —SQLURHC - —SLLgRH + h.c.

2
v v
ms v mg

® enter in one comb. coupling S to longit. W, Z

e effectively only 3 params, Ay, Ap k ' -
K [.m? m2 ek
K (2_W5W+#W" + _ZSZMZ”) k = 250 + Nyv/ms
2 v 2 ”
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NO MIXING CASE

e first switch off (S B I I e ‘

mixing, i.e., P 0 40: ZZ search exclusion
e only decays to : Y
% |
. | Zy search
transverse W, Z § » exclusion

®* two params, Aw,Ap,

® at most one decay |
Br can be set to zero 05

e note;: ZZ or WW can still

be suppressed

J. Zupan Shining light on the diphoton... 11 KPS, Daejeon, Apr 21 2016



WITH MIXING

e switch on the mixing, x=0
e still at most one Br can be zero

e due to enhancement of decay
to longitudinal W, Z

Az X A\w + )\BS%/V

4 2
Tz ~a?Ay — Oz>\§7€0<%) +120(=5)
mg mo
2
T'vww NO(Q)\%/ — ozAWK;O(m—W) + RQO(m—§>
meg mx
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OTHER ELECTROWEAK
ASSIGNMENTS

e if S a pseudoscalar: no mixing with the Higgs, analysis
the same as for scalar with x=0

e if S part of a doublet

® more operators, possible to set two Br’s to zero
simultaneously

* is S part of a triplet

® all Br’s fixed in terms of S—yy

)"‘/ : )"yZ . )\Z . )‘W = SwCw - C%,V — S%/V . —SwCw - O, TI‘iplCt, YT = 0. |

e if spin-2 the same analysis as for spin-0
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VECTOR BOSON FUSION
PRODUCTION

is it possible to distinguish
VBF from gluon fusion?

RVBF /inc

require pp —Sjj with VBF cuts

® hard cut on mj; essential

pr(j) > 60GeV, |n;| <5,
|An(j37)| > 3.6, m;; >1TeV

in most of parameter space VBF
distinguish. from other productions

if VBF measured very useful

o 13 'I"EBV
= % branch 1
. ev
inc
10-1¢ —
= ~ EW
| ~ ge
g =21 | -
= 10 >
\\\// /)/)
10—3, —— —} ____CC
SS dd
1 2 3 4

® [, + VBF production fixes absolute sizes of couplings

® same if any other production mode established
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DECAY WIDTH FROM BSM?

e does one need decays to other states

beside the SM?

®* not at present

® for bb or cc
production
[=45GeV

possible
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e distinguishing from pr distribution

DISTINGUISHING
PRODUCTION MODES

e for bb production also b-tagging
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do/dQy [arbitrary unit]
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Gao, Zhang, Zhu, 1512.08478
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WHAT BSM MODELS?

see talks by Won Sang Cho, Minho Son, Jae Sik Lee, Jeonghyeon, Mihoko Nojiri, Kingman Cheung, Veronica Sanz

e typically require extra fermions to have

large enough ¢¢ and yy couplings

® . g. ve Ctor-like Altmannshofer et ;11, 1512.07616 |

5 20
fermions 3o

1.0
* an intriguing option
Kats, Strassler, 1602.08819 ,-.?

® bound state of
single colored scalar

02

0.1

3,5/3) + (1,1)
® end of naturalness? N I I 1l e
0.1 02 05 10 20
/\&'
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READING THE TEA LEAVES

® isitreal? Backovic, 1603.01204

® “The theory of ambulance chasing” shows
a 2 sigma deviation
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CONCLUSIONS

e diphoton signal + EFT implies signals
in 22, WW, Zy

e after discovery established:
determining production mode essential
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BACKUP SLIDES




NARROW WIDTH
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SIGNAL RATE

production mech.

narrow width (I'/m — 0)

spin-0

spin-2

wide width (I'/m = 6 %)

spin-0

spin-2

7Y
99

1.2+0.4
3.24+0.7
1.7+04
1.9+0.5
29+0.7
3.4+0.8
3.6 0.8

1.8+£0.5
4.7+1.0
2.5+0.7
2.7+0.7
44+1.0
5.0+1.1
5.3+1.1

28 +0.7
6.1 +1.3
3.7+0.9
4.0+1.0
5.8 +1.3
6.4+1.3
6.6 +1.4

4.4+1.2
9.6 +2.1
5.9+ 1.4
6.3 1.5
9.1+2.0
10.1 +2.1
10.3 £2.2
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BRANCHES

branc_h 1




/BF PRODUCTION, BOTH
BRANCHES

branch 1

S



