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Light Scalar Fields

« String theory : Enormous landscape + huge energy scale

— hard to test directly

« String theories and extra dimension theories frequently leave their
remnants such as new light particles.

« New scalar fields describing fluctuations of the shape or size of extra
dimensions.

(For other remnants, see [J. Halverson, P. Langacker 1801.035031)
» Not motivated by shortcomings of the SM.
« Thus checking the existence of those remnants is important.

« Do we live in the swampland?




 General Lagrangian including a New Scalar Field, ¢.

(without derivative couplings and the 6 term.)
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Observable Effects of ¢
« Deviation from :—2 Force (for mgy~155")

V=G24 (14 agaye” o754

« Violation of the Weak Equivalence Principle (formg < riqd)

Difference of accelerations of two different atoms toward a source < (a,—ag)

apq = 77”61A am8A¢(¢) =~ dg + f(#Na #P>(dq o dQ)

« When d; = d, a post-Newtonian paramtery = (1 — 2d;)/(1 + 2dj)

Time dilation due to the Sun’s gravity to the signal from Cassini spacecraft

ds% ~ — (1 — 2G—M) dt? + (1 + WZGM) (dr2 + rdeQ)
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« DM abundance and Oscillation of ¢ (formg > Hy)
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« Constraints on ¢ GG and ¢gq couplings (1=2km107%eV)
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CD-EP: difference of acceleration Mg [eV] [K. Choi, DC, C.S. Shin, 1809.01475]
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« The de Sitter Swampland Conjecture

VVoel = JGif6¢inot6¢thot >cVipe and ¢ =0(1)
for any field point. [G. Obied, H. Ooguri, L. Spodyneiko and C. Vafa 1806.08362]

 Local minimum with positive vacuum energy 1s forbidden.

— rolling along a new field direction (Quintessence ¢ with my, < Hy)

« When applied on the pion potential maximum Vi = 2(my + md)A?(’lCD,

|0¢ Viotl
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c < = |dq + 3dg| < 107> (Comp. dep. Equiv. Principle test)

or 1074 (dy = dg)

« Even with an additional field y withm, > H,,
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Summary

e Light scalar is a hint of Planck scale physics.

 There are many interesting observational and experimental bounds on

light scalar bosons.

« The dS swampland conjecture constant is constrained from such bounds
by c <107° or 1072,

« The de Sitter swampland conjecture should be modified.




« Standard Model Extension in Higgs Sector
L= Lsm—Aus |HI?|S]” +10S]7 — M2|S)” = Ag|S|*

/Radiative EW symmetry breaking (no |S|? and |H |? terms)
V" =167% Vi and V""" =367% Vg,

Perturbative to the Planck scale if S has a charge of a hidden gauge.
[DC, R. Dermisek, T. H. Jung, and H. D. Kim 1308.0891] J

~

« Large couplings are required for perturbativity to high scale.

— Two-loop running, two-loop tadpole, two-loop pole mass equation

« Higgs phenomenology (see [Thesis of T. H. Jung])

« Generalized Narrow Width Approximation [DC, T. H. Jung, and H. D. Kim
1502.03541]

1. Unstable Particles near Threshold




e Any particle carrying EM charge and color mediates pp — yy
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« Signal shape (large width I'y/my ~ 1%) and Constraints on new particles
"0.05 —~ .-+ [DC,R. Dermisek, T. H. Jung, and H. D. Kim,

F 5
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II. Constraints on Charges of New Particles
(in case of Large Charge)
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« Wave Function Renormalization Factor, Z
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1. Unstable Particles near Threshold
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» Total cross section

— fdpqu) d®q |Mprod| ‘Gh ’ |Mdecay‘

« Narrow width approximation (NWA)
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[D. Berdine, N. Kauer, D. Rainwater (2007)]
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Signal Shapes
near Production Threshold
of Intermediate Particles

Table of Contents
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When E ~ Mintermediate, interesting shapes can arise.

Information on the intermediate particles can be obtained without
producing them in the final states.
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« Coulomb Singularity [T. Appelquist, H. D. Politzer (1975)]
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II. Constraints on Charges of New Particles

(in case of Large Charge) 16




« Non-Relativistic Effective Theory [W. E. Caswell, G. P. Lepage (1986)]
« Unstable particle production Amplitude [V. S. Fadin, V. A. Khoze (1986)]
« Annihilation Amplitude [K. Melnikov, M. Spira, O. I. Yakovlev (1994)]
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[DC, R. Dermisek, T. H. Jung, and H. D. Kim, PRD(2017)]

II. Constraints on Charges of New Particles 17
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« Top quark mass measurement
- Well defined mass (1S mass)

RG evolution
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[I. Constraints on Charges of New Particles

(in case of Small Charge)
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 Top quark mass measurement
- Well defined mass (1S mass)
- Free from jet uncertainty

- Small number of event
- (Pile up)

- Ballpark estimation on Am}®
+1 GeV at2ab™t 13 TeV LHC
+100 MeV at2 ab~1 100 TeV HC

[I. Constraints on Charges of New Particles
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(same value is obtained
if the S/B ratio is assumed to be 40%
in [S.Kawabata, H. Yokoya (2017)])
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Conclusion

« Existence of new particle affects signal shape of SM processes and
requires a generalized NWA for 2mg gy ghter = Mmother-

« Constraints were obtained for color representation and charge of new
particles from diphoton invariant mass spectrum.

« Diphoton spectrum near top quark production threshold was obtained.

« Measuring top quark properties using the diphoton spectrum is
possible.
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Signal Shapes
near Production Threshold
of Intermediate Particles

Initial
Particles
with Energy E

Final
Particles

Intermediate Particles
of mass m

A (%) » Constant

E_+0or oo
m

When E ~ m, interesting shapes can arise.

Information on the intermediate particles can be obtained without

producing them in the final states.
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For a general particle charged under SU(3). and U(1) gy, we obtained amplitudes.
arXiv:1512.08221 (PRL, 117,061801)and arXiv:1612.05031 (PRD, 95, 115004)

+Eoo= 000} —+—{ VNN
NxTg, Qzaas (1 +|B o " 1m—;:—wm
Hag o n
2
Ug
aS aS
Jrﬁi i ﬁ4 '|-C(i as
as| laz | |«
H o H S | ad s
B
+ A )

22
Dongjin Chway Pohang 2017




Constraints on Charges of New
Particles

[DC, R. Dermisek, T. H. Jung, and H. D. Kim, PRD(2017)]
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« Top quark mass measurement

(pp >t + X — leptons + jets + missing energy )

- Conventional method using kinematical reconstruction of top
decay (e.g., CMS (2015) m¢ prontecario = 172.44 + 0.48 GeV )

MC mass 1s
not a well defined mass

in any renormalization scheme

Dongjin Chway

ATLAS+CMS Preliminary LHCtopWG  my,, summary, Vs = 7-8 TeV May 2017
-------- World Comb. Mar 2014, [7]

stat

total uncertainty total stat

Myop = 173.34 £ 0.76 (0.36 + 07) GeV m,, + total (stat + syst) s Ref.
ATLAS, I+jets (%) + 172.31+ 1.55 (0.75 + 1.35) 7Tev [1]
ATLAS, dilepton (*) o 173.09 + 1.63 (0.64 + 1.50)  7Tev [2]
CMS, I+jets 173.49 + 1.06 (0.43 £ 0.97) 7TeV 3]
CMS, dilepton 172.50 £ 1.52 (0.43 + 1.46) 7TeV [4]
CMS, all jets 173.49 £ 1.41 (0.69 £ 1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29 +0.95 (0.35 + 0.88) 7TeV [6]
World comb. (Mar 2014) 173.34 +0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, I+jets 172.33 £1.27 (0.75 £ 1.02) 7TeV [8]
ATLAS, dilepton 173.79 £ 1.41 (0.54 + 1.30) 7TeV [8]
ATLAS, all jets 1751+£18 (1.4 +£1.2) 7TeVv [9]
ATLAS, single top 1722 +£2.1 (0.7 £2.0) 8 TeV [10]
ATLAS, dilepton 172.99 £ 0.85 (0.41+£0.74) 8TeVv [11]
ATLAS, all jets 173.72 £ 1.15 (0.55 + 1.01) 8TeV [12]
ATLAS comb. (I{:J!:fs ?g;f) 172.84 +0.70 (0.34 + 0.61)  7+8Tev [11]
CMS, I+jets 172.35 £ 0.51 (0.16 £ 0.48) 8TeV [13]
CMS, dilepton 172.82 £1.23 (0.19 + 1.22) 8 TeV [13]
CMS, all jets 172.32 £ 0.64 (0.25 £ 0.59) 8 TeVv [13]
CMS, single top 172.95 £ 1.22 (0.77 £ 0.95) 8TeV [14]

CMS comb. (Sep 2015)

(*) Superseded by results
shown below the line

| ‘ I N | |

172.44 +0.48 (0.13 = 0.47)

7+8 TeV [13]

165 170

175

180

my,, [GeV]

Pohang 2017
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« Top quark mass measurement

(pp — t+ X — leptons + jets + missing energy )

- Alternative methods:

Cross sections 0+ and 0tg41 jet

The J /1 method

The endpoint of M, p jet
The B decay length L,,, method

Boost invariant energy peak

Leptonic observable methods

Dongjin Chway

Top-quark pole mass measurements

February 2017

DO o(tt), 1.96 TeV

167.50 *520 , _ GeV

PLB 703 (2011) 422 ®
MSTWO08 approx. NNLO

DO o(tt), 1.96 TeV

DO Note 6453-CONF (2015)
MSTWO08 NNLO

DO o(tt), 1.96 TeV

PRD 94, 092004 (2016)
MSTWO08 NNLO

ATLAS o(tf), 7+8 TeV
EPJC 74 (2014) 3109

ATLAS tt+j shape, 7 TeV
JHEP 10 (2015) 121

CMS o(tf), 7+8 TeV
JHEP 08 (2016) 029
NNPDF3.0

CMS o(tf) 13 TeV
arXiv:1701.06228 (2017)
CT14

CMS tt+j shape, 8 TeV
TOP-13-006 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427, standard measurements
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« Top quark mass

- A fundamental parameter of the Standa

805
- Validity of SM 80.45
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Observing Top Quark with Diphoton

This structure near the threshold mostly comes from
the 1S state.

do(gg = yV)su /dm,,
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-2 Log Likelihood / bin

Top mass (and width) measurement

0.45

A

Ballpark estimate on the required
integrated luminosity to obtain
the top mass with

+1 GeV (100 MeV)precision:
13 TeV LHC 2 ab™ ! (200 ab™ 1),
33 TeV HC 250 fb~1 (25 ab™ 1),
100 TeV HC 20 fb~Y (2 ab™ ).

172 v.s. 173
Log likelihood
from each bin
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Because of the 1S shape, it is also
possible to measure the width of the
top quark.
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