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Resonance searches at colliders

# Powerful probe for new physics oot
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Resonance search at \ LHC

# LHC has a vast program of bump
searches for BSM physics ———

# Typically focuses on high mass resonances 0(1 OO)GeV
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Resonance search at \ LH

# LHC has a vast program of bump
searches for BSM physics ——

# Typically focuses on high mass resonances 0(1 OO)GeV

a
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05% CLlimter g, BR[b]

1407.6583 ™%

Why not below?
' Common lore: Low mass constrained by previous colliders

I Signhal would not pass minimal pt requirements at the LHC andlor
Trigge!
Se\ect\ons

I Often theory bias towards heavy BSM physics
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at the

4C has a vast program of bump dibosons(Z,W)

7/7/8‘ SSiphysics
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# Typically TOU

2 high mass resonances O(100)GeV
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Why not below? O/Vq/‘/

' Common lore: Low mass constrained by previous collid® @S

I Signal would not pass minimal pt requirements at the LHC g and/or

Se\eCt\OnS

I Often theory bias towards heavy BSM physics
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‘ leePatche (ALP) o

nght pNGB very common in BSM physu:s d
Emerging from breaking of a global symmetry

# SUSY R-axion Bellazzini, A.M., Redigolo, Sala, Serra '17

# Composite Higgs models Barnard, Gherghetta, Ray '13, Ferretti '16, .

Dimopoulos, Hook, Huang, Marquez -Tavarez '16

# Axion models for CP problem Ghergetta, Nagata, Shifman '16
Agrawal, Howe '17, .

# Plons from hidden QCD iiic, okui, Sundrum "0, ...

MASS
SCALE ¢ T~

Scale of new physics

1o | o f
NP - OiTa
A S~ _ Decay constant:

control couplings to SM
(
fa! 01" 10 TeV g@ p

ALP mass

Note that ALP mass can be arbitrarily low!
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Bellazzini, A.M., Redigolo, Sala, Serra '17

_ALP present coverage: the R-axion

[ #$10, 4 ZL\,\$# W o
' ;'"‘"## ] !
HOLE between : Ridii
10 - 60 GeV ? | :

lllll
.
’

: g "
Bounds from
. 'GeV" =
Flavor LHC (diphoton, dijet...)
?
~|1GeV My 50GeV

Can we cover the hole @ LHC???
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A.M., Redigolo, Sala, Tobioka '17

Low mass resonance @ LHC

# Simple Lagrangian (couplings with gauge bosons)
a

»Cin —
" dnf,

[OASC3Gé + OZQCQWW + alclBB

gluon fusion @ LHC

# Focus on low mass range
10GeV! my ! 125GeV

# Very large production cross
section at LHC for low masses

Main LHC signatures

Dijets Diphotons
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Boosted
Pass the minimal pt cuts N

=== Recoil against ISR's D D

_—
—

Extra ISR jets

L ower kinematical bound on invariant mass

8
Photonl/jet isolation — Minimal pt

R — requirements
lR= 1+

Can we use
diphoton

" ISR . Cross section
" Jet substructure measurements?

# CMS dijet 1710.00159
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Diphoton cross section measurement

Cross section measurement  arXiv minimal pr_ Low mass reach
ATLAS 7 TeV, 4.9 fb ! 1211.1913 (p%in, p%nzin) > (25,22) GeVE m; > 9.4 GeV
ATLAS 8 TeV, 20.2 fb~! | 1704.03839 (prnlin, p%in) > (40,30) GeVE m, > 14.2 GeV

CMS 7 TeV, 5.0 fb~! 1405.7225 | (py™, ppi™) > (40,25) GeVll m; > 139 GeV 7%-
2 10°F Atias  Vs=8TeV, 202 b W
O = . ~-Data + stat. unc. - = \,
é 103?_ l.' e Total exp. uncertainty l_§'
- 10%s * e, 3 : : : :
E E, =0 - Cross section measurement is  inclusive
:\10'5_:”'””*:* E
N 1k 200 !ﬂ . 1 " Background has shape due to pt cuts
10..]% ]
10#225
pr," + pry Boosted
NN

# BSM signal populate low mass region by recoliling

P P

Signal Here recoiling is essential —
efbciencies R R R I I I P I i |
Me in GeV 10 20 30 40 50 60 70 80 90 100 110 120 | Extra ISR jets

es for osrev ATLAS [9]| 0 0.0007 0.008 0.014 0.024 0.037 0.071 0.233 0.347 0.419 0.452 0.484

Alberto Mariotti (VUB) Low mass diphoton Moriond EW 13-03-2018



From cross section to bounds

Consider diphoton cross section
measurements binned in invariant mass

~

S|gnal Nsiir?”a' <N (1 + 2! i)
M

1) New Bound: assume zero knowledge of background

experimental error

| 1in = in each bin

2) Sensitivity: assume data=SM predictions
signal meas. ,
I\Ibin <N bin L 26 pin

3) Rebinned Sensitivity: reduce binning to mass resolution
the signal is

== S/B increases -~ always narrow

4) Future prospects:  ( Sy, Liow) " ( Shigh» Lhigh)

MC

S|gnal signal L high hlgh Use MC to rescale

Npin  (Enigh) <N i (Eiow) & L 1o Ulow \/’ background
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A.M., Redigolo, Sala, Tobioka '17

» - # Our new
Sensitivity with \ bound from
rebinning 8TeV data

— B ~

i N
- ~
~
/ -

Projection from
7 to 8 TeV ? . .
| Existing bounds
j from exp. bump
] searches

- - = - -

We cover previously unbounded region!
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HL-LHC ﬁ
projections f

A.M., Redigolo, Sala, Tobioka '17

How our results impact the ALP parameter space?

LHC could do

already
much better!!! _.

LEP constraint
IS quite weak

 J ® o
--------- \d i ".
o®
L d
’f—~_—' -~
-
’f
P 4

Existing bounds

sl from exp. bump
searches

%estbound on low mass diphoton resonance!

Moriond EW 13-03-2018
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Bound on low mass diphoton
resonances (10 - 50 GeV) using

Cross section measurement

Our conservative bound could be
Improved Iin exp. analysis
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\\ eP .

i # Lower pT cuts 4-'_ y
Record fraction of data, trigger analysis
LHCb has low pT threshold .- — -

l"' ,y

§ ] "'

t # Lower IR requirements Boosted

| Mono jet trigger (ISR+boosted diphotons) !
Mono photon trigger P P

Lot to explore!
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back up slides
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FCC ee reach computed rescaling : | T T
LEP limits onBR[Z ! ! a(jj )] -
and assuming 102 Z bosons * : '

if aGG switched on
HL-LHC wins over FCC ee

FCC hh reach computed like LHC14 one

[4., from simulations, Lumi= 3 ab’ ]

NB. pT cuts as in ATLASS (30, 40 GeV)

Still, Speculative even for FCC standards!

this search has not even been performed at 8 TeV
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MC t
es(mg) = Oy (Ma, 8)
¢ Cs ol9(myg, s)

! g'YlCCUtS Simulated w/Madgraph+Pythia+Delphes

matched up to 2 extra jets

0%) reproduces up to a constant factor Cy the shape of

ot for m.,, 2 60 GeV (i.e. sufficiently far from the
sum of the minimal detector pr cuts on the photons). A
constant factor Cy = o). (s) /o1 (s) is hence included
in Eq. (5) and we obtam Crrev ™~ Cg Tev =~ 0.85 while

Cotev ~ 1 at the Tevatron center of mass energy. The

th KU LO

'y'y(maa S) = F " Oy (maa S) ) (Al)
g

where we work in the approximation I'ioy >~ I'yg (which is

excellent in the parameter space that we have studied),

and where

1
U%)(ma’ s) = m Sng(mi/S) o (A2)

™ [t dx m?2
O =g [, THOLCD, (49

where f,(z) is the gluon PDF from the MSTW2008nn1068
set [58], where we fix the pdf scale ¢ = m,. We work with

Ky, =3.7 from ggHiggs v3.5

Bonvini et al. 2013-2016

Kg=2.1

me in GeV 10 20 30 40

50 60 70 8 90 100 110 120

es for o7rev ATLAS [8] | O
€S for O7TeV CMS [10] 0
€S for O8TeV ATLAS 9]

es for ogarev DO [44] 0

0.008 0.022 0.040 0.137 0.293 0.409 0.465 0.486 0.533 0.619 0.637
0.002 0.010 0.020 0.030 0.058 0.156 0.319 0.424 0.499 0.532 0.570
0 0.0007 0.008 0.014 0.024 0.037 0.071 0.233 0.347 0.419 0.452 0.484
es for oaTey CDF [45, 46]|0.001 0.007 0.026 0.143 0.212 0.241 0.276 0.275 0.283 0.3 0.319 0.327
0.002 0.008 0.018 0.114 0.169 0.208 0.21 0.217 0.234 0.244 0.252
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Experiment Process Lumi NE low mass reach| ref.
LEPI ete” = Z = vya— vjj 12 pb~1 Z-pole 10 GeV 29
LEPI ete”™ = Z — vya — yyy 78 pb~! Z-pole 3 GeV 30
LEPII |ete” — Z*,4* = va — vjj |9.7,10.1,47.7 pb~* 161,172,183 GeV 60 GeV 31]
LEPII ete™ = Z*,v* = va — vyv |9.7,10.1,47.7 pb—*|161,172,183 GeV 60 GeV (31, 32]
LEPII |ete™ — Z*,v* = Za — jjvv|9.7,10.1,47.7 pb~1|161,172,183 GeV 60 GeV 31]

D0/CDF PP — a — Yy 7/8.2 fb~ ! 1.96 TeV 100 GeV 33
ATLAS pp — a — Yy 20.3 fb~! 8 TeV 65 GeV 34]
CMS PP — a —> Yy 19.7 fb~* 8 TeV 80 GeV 35
CMS pp —> a — Y 19.7 fb~* 8 TeV 150 GeV 36
CMS pp — a — Yy 35.9 fb~! 13 TeV 70 GeV 37
CMS PP — a — jj 18.8 fb~* 8 TeV 500 GeV 38
ATLAS pp — a — jj 20.3 fb~! 8 TeV 350 GeV 39
CMS pp — a — jj 12.9 fb~* 13 TeV 600 GeV 40
ATLAS PP — a — 5] 3.4 fb! 13 TeV 450 GeV 41]
CMS PP — ja — jjj 35.9 fb~! 13 TeV 50 GeV 42
UA2 PP — a —> Yy 13.2 pb~ " 0.63 TeV 17.9 GeV 43
DO PP — a — Yy 4.2 fb~! 1.96 TeV 8.2 GeV 44]
CDF PP — a — Yy 5.36 fb~! 1.96 TeV 6.4 GeV  |[45, 46]
ATLAS pp — a —> Yy 4.9 fb~1 7 TeV 9.4 GeV 8]
CMS P — a — Yy 5.0 fb~! 7 TeV 14.2 GeV [10]
ATLAS pp — a — Yy 20.2 fb~* 8 TeV 13.9 GeV (9]

Note: UAZ2 looks at almost back to back photons, so reach reduced
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diphoton backgrounds

we validated only the one from real photons

L fo=1TeV
0F c3 =10 = c,/2]
‘ 1000 |
) —  500]
& 2
1§‘: [ > &
[n1 | aT
L 050 SE
S «Jevatron —— SM yy ATLAS7
100 —— SM yy MadGraph
0100 e o
005 ===Cs0© |
20 40 60 80 100 120 20 40 60 8 100
mg, [GeV] Myy [GCV]

photon+jet is ~ 30% of the background but it does not modify the shape
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signibcantly

jet+jet is irrelevant
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