LHC 750 GeV Diphoton excess in

a radiative seesaw model

TUDY

Kenji Nishiwaki (KIAS) K| 'S &=

OR

-

based on collaboration with

Shinya Kanemura (Univ. of Toyama),
Hiroshi Okada (NCTS),
Yuta Orikasa (KIAS, Seoul National Univ.),
Seong Chan Park (Yonsei Univ.),
Ryoutaro Watanabe (CTPU-IBS)

[arXiv:1512.09048]

J

talk @ Overview on the recent di-photon excess at the LHC Run 2,

IBS-CTPU (8th January 2016)

(7



Intro: 790 GeV diphoton excess awakens!!
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Intro: mise. on the excess

& In terms of signal strength: [Buttazzo,Greljo,Marzocca, arXiv:1512.04929]

[ATLAS-CONF-2015-081, CMS-PAS-EX0-15-004]
iigtey = o(pp = S + X)zrev X B(S = vy) = (6.2755) b,

CMS __ —
Higrey = 0(pp = S+ X)igrev x B(S = 77) = (5.6 £2.4) fb, looks compatible

at around 20

[CERN-PH-EP-2015-043, CMS-PAS-HIG-14-006] P
PATEAS — 6(pp — S + X)srev X B(S = 77) = (0.46 £ 0.85) fb, =
pgmesy = o(pp — S + X)grev x B(S — v7) = (0.63 = 0.25) fb.

& Both of ATLAS and CMS reported the bump around 750GeV.

& The diphoton channel would look clean, then reliable(!?).

Kenji Nishiwaki (KIAS) 2/7
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& In terms of signal strength: [Buttazzo,Greljo,Marzo

10°
—— Background-only fit

Events / 40 GeV

[ATLAS-CONF-2015-081, CMS-PAS-EX0-15-¢
sty = o(pp = S+ X)igrev X B(S — v7) = (6.2150)f 1

pSamy = o(pp = S 4+ X)isrev x B(S — 77) = (5.6 £ 2.4

Vs =13 TeV, 3.2 b

10

[CERN-PH-EP-2015-043, CMS-PAS-HIG-14-( 1

gt = o(pp = S 4+ X)grev X B(S — 77v) = (0.46 & 0.85
CMS

107"

fstey = 0(pp — S+ X)srev X B(S —y7) = (0.63£0.25g e E
S 109 =
€ Both of ATLAS and CMS reported the bump ar% g— H&lﬂl,m—w Y
E —55— (X —
& The diphoton channel would look clean, then | s ToE “ E
- 500 400 600 800 1000 1200 1400 1600
m,, [GeV]
@ No excess is found in the other channels (Z2, Z2Y, I, jj, ...) 121212

\ %~ looks very exotic...
Via 8TeV LHC bounds, they should not be so la e

V\

sizable
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Intro: basic setups for explanation

[an ordinary type] [McDermott,Meade,Ramani, arXiv:1512.05326], many others
production: gluon fusion (decay: photon fusion)

Y

singlet scalar
/ ﬁ
S S

< s

New particles fly in the loops
for enhancement vy
(e.g., vector-like quark)

Kenji Nishiwaki (KIAS) 3/7



Intro: basic setups for explanation

[an ordinary type] [McDermott,Meade,Ramani, arXiv:15§12.05326], many others
production: gluon fusion (decay: photon fusion)

singlet scalar
/ ﬁ
S S

_ ____Q

New particles fly in the loops
for enhancement vy
(e.g., vector-like quark)

[Fichet,von Gersdorif,Royon, arXiv:1512.05751]

o — = o Csaki,Hubisz,Terning, arXiv:1512.05776
[another type: (When B(S=YY) = O(10) ) ] Lo Hubiss Lombasio, Terning. arxiv:1601.00638]

production: photon fusion (decay: photon fusion)
o=V Y
We consider S S “e‘N . eﬂ-
the elastic scattering only Q - - - == Q M:“/
(cleaner than inelastic ones) \ / c iS no
D e ﬁ new charged particles
g O for enhancement Y

Statement: radiative seesaw model is
Kenji Nishiwaki (KIAs) @ reasonable setup to realize this scenario. 3/7




Contents

0. Introduction (finished)

1. Prospects in radiative seesaw model

-® Summary & Discussion

Kenji Nishiwaki (KIAS)

(7



Model Setup

[Kanemura,KN,Okada,Orikasa,Park,Watanabe, arXiv:1512.09048], [KN,Okada,Ornkasa, aanv.lso7.oz4u]

Lepton FieldsD Lh%gs Scalar Fields New Scalar Flelds

Characters | Ly, | ep, (N R, ’ ‘Zol hY [ (hy . S "‘
SU(3)¢ °§i e 1 1
SU(2)r 2 1 1 2 1 1 1 1
U(l)y —-1/2 | —1 0 /2] 0 1 1 0

U(1) 0 0 —x 0 21 0 > L 2z |
1 - X
origin of

global U(l)
flavor sym.

[3-loop V mass] O

4 v mass: naturally explained

[ DM is found. Relic is explained.
o

- less lepton flavor violation,

- can be light as ~300GeV
Keniji Nishiwaki (KIAS)

** has no direct coupling to leptons:

negativ:parity

remains after U(l) breaking breakdown of global
(lightest one & DM)

(including pseudo NG boson)
doubly-charged scalars

Q)

candidate for

for enhancmg Ioop effect 7SOGeV excess

| Kt Gt

’, i e
74 k y Ja o

j These trilinear couplings ;

contribute to S & Yy.

[note: a huge trilinear
coupling leads to
violation of tree-level

unitarity] ),



S Production through Photon Fusion

[Csaki,Hubisz,Terning, arXiv:1512.05776]

[general formula] (minimum) impact parameter (uncertainty contained) = proton mass
12802, T - Ay
c(p(MMp(y) > S+ X =y +X) = EW-2B2(S — 47)(2Js + 1) log? [_ﬁ Ty = Gu/my

lq* — (130 — 170) MeV spin of S

Ts \ . (65— 3D)fb ,/5=8TeV, |
. S+ X X) = B(S ..
a; olpp = 5+ X =97+ X) (45 GeV> X BAS = 77) > {(73 —162)fb /s = 13 TeV. |

sizable 0 when B(S—YY), ['s are

[branching ratio of S] reasonably large.

52 st
FS—W’Y : FS—>ny : FS—>ZZ : FS_>WJFW— ~1:2 (T:://) : (%) : 0

o

—» B(S = yv) ~0.591, B(S —~Z2)~0.355, B(S— Z7)~0.0535

dominant! subdominant.

8TeV LHC constraint is no problem.
[ATLAS, arXiv:1407.8150]
Quantum numbers determine the ratios.

(They are universal, not sensitive to

++ tt it :
Kenii Nishiwaki (KIAS) number of Jo==, S & Jo—— trilinear couplings) 5/7



S Production through Photon Fusion

[Csaki,Hubisz,Terning, arXiv:1512.05776]

[general formula] (minimum) impact parameter (uncertainty contained)  proton mass
12802, T - Ay
o(P(p(7) = S+ X 97+ X) = = BEEBY(S = ) (25 + 1) log? [—‘ e = ey

lq* — (130 — 170) MeV spin of S

(6.5—31)fb ,/s=8TeV, }
(73 —162)fb /s = 13 TeV. {

™ Cross section and I's are

[branching ratio of S] directly correlated.

y &2 ol
Lssyy i Lgzy sswrw- = 1:2 (%) : (%) : 0

—» B(S = 7)) ~0.591, B(S = ~vZ) ~0.355, B(S — ZZ) ~0.0535
domiTnant,v subdominant.

8TeV LHC constraint is no problem.
[ATLAS, arXiv:1407.8150]
Quantum numbers determine the ratios.

(They are universal, not sensitive to

++ tt it :
Kenii Nishiwaki (KIAS) number of Jo==, S & Jo— trilinear couplings) 5/7



Result

1000+ e 500, 50,
i /1 I
800 | a 40
| S /
I o /]
S 600] | S 30
() ¥ O "\
= i b‘g\\@
Z 400, | Z20
e.’&\
WL I
00 101

B(k**—p*u*)=100%
in the original model

e —

0400 500 600 700 800 900 1000 0400 500 600 700 800 900 1000 50001000 1500 2000
M= (GeV) M+ (GeV) m: (GeV)
[ s=45GeV is not achievable in this scenario.
(R{)" , hs
: : . ++ -7 ++ -7
4 s=5.3GeV (experimental resolution) is OK. k-++‘ -’ @ e
]a Ta - ]a S a -
o o +\ x> +
M After considering | (h1) hs
(i) tree-level unitarity: hsk < 1~10TeV, o -
(ii) ATLAS 8TeV bound, [ATLAS, arXiv:1412.0237) less significant significant
final state final state
~100 additional j.** are required. L | (ATLAS bound is)

N2 enhancement in I's-y, only N enhancement in
YY. y

signal of pp—doubly charged scalars) 6/
Keniji Nishiwaki (KIAS) ’



Summary & Discussion

& Radiative seesaw model with various doubly-charged scalars is interesting:

4 v mass: naturally explained

there-
. o tivdtions are
M DM is found. Relic is OK. other m°

+

4 LHC 750 diphoton excess is also explained through photon fusion.

usion
uon
4 collider-rich in doubly-charged scalar pair productions biguous than I

2k 4-loop extension: multiple k**s also help Vv physics. [Nomura,0Okada, arXiv:1601.00386]

€c

\ _ : : - e [Fichet,von Gersdorif,Royon, arXiv:1512.05751)
# Issues on phOton fus:on product:on. [Csaki,Hubisz,Lombardo,Terning, arXiv:1601.00638]

[ inelastic scattering

4 detailed collider analysis

4 how to discriminate it from gluon-fusion production

Kenji Nishiwaki (KIAS) 7[7
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