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LHC has thrown open the door

L L L B IR LR B B
ATLAS 2011 -2012 —— Obs.
s=7TeV: [Ldt=46-481b" - Exp.
(s=8TeV: |Ldt=58-591b" Do

to the scalar sector of the SM! TR S —— '

... but where’s all the NP?

La1(e) x2 stopped gluino (cloud)
LQ1(ej+LQ1(v)
L

Q2(p) x2 HSCP gluino (cloud) Long-Lived
LQ2(uj)+LQ2(v) HSCP stop (cloud) :

LQ3(vb) x2 a-2ierece Particles

LQ3(h) x2 a=

LQ3(tt) x2 neutralino, ctau=25cm, ECAL time

RS1(y), k=0.1 J4MET, SIDM=100 GeV, A
RS1(ee,uu), J+MET, 5D DM=100 GeVi A
RS1()
RS1WW—+4) %
S1(22-+4), . iD=
ootk RS2, T et 8 D100 GV A

SD DM=100 GeV, A

Heavy Gauge
SSM Z'(r1)
SSM Z'(j)
SSM Z'(bb)
SSM Z'(ee)+Z'(u)
SSM W' (j)
SSMW(l) |-
SSM W' (WZ-vil)
SSM W/(WZ-4j)

single i, AHICM 8
inclusive jets, A
inclusive jets, A

CMS {S=7TeV,L=51f"(s=8TeV,L=53f"
Lt

:

110 115 120 125 130 135

hted Events / 1.5 GeV
8
(=]

g

[ 4 Daa
[ —— s+BFit

------ B Fit Component
:l:|t1c

| =20 i
D..I....I....I....I..;.I..
10 120 130 140 150

g

S/(S+B) We

o (M=A) ADD (1), NED=4, MS CL Exclusion ATLAS Preliminary

)

JLdt=(10-203)fb"  V5=7,8TeV

Mass limit Reference

q*ay
b o o
a7 ey
03 v
coloron(j) x2 @3 sonaors
coloron(d)) x2 @3 ArLas conr 2o ore
gluino(3) x2 23 AiLAS conE 2013017
gluino(jb) x2 10 fGmes  wsGev o n
meress  amw ey
G mass 590710 Gev I ATUAS-CONE 2014008 L]
o s © sz s conezorsosz
[Mocswr amass
[
[comssmers A conrzorzor2
RS 25017
AL con 2015056
RS conramorr
KA coNe 214015
s conE o130
Claza EE TR [ e
Claatt Zes - - o et ey
Cluee 269210211 s 143 1a=1 Lrs conr-2013.051
3 o T oGl ) <w0ont | MASCO e
EFT 09 cperatr - tusiiowe 23 0% L ) < 100G onorr
Sealr G 17 gon e =2 - w0 [z e
Scalr 102 gon w22 - w0 N samarz
Scalr 103 gon ewtr Tt - a7 e smoszs
Vectorikaquan 17 H X Ten 225341 v 143 Tin 18y aoit s con o501
Vecorlkaquar TT Wbt X Te 316231 v 143 - Ao 201050
Vectrlkoquak BB 20 X 2es 20 - 3 L S cone ors 56
Vector ke quah B8 — We-+ X 26,0 (85) 216211 Yos 143 Bin (151 st urs cons ors
Excwdquk g - a7 [T P o0
Excadquak - az - a - owe
Exctedqurk b~ e tozenibionti v 47
Exciedieton - 1y Zewty - - w0
LA apana - Tos @ - e e
p0 i Socsa Zes - - ss
g Higgs tiplt H* — (¢ 2w - - 47 -ty 0sor0 L]
Mt chargepartcies - S Frcson
[—— - - 20 .
L L

“Only a selection of the available mass fmits on new states or phenomena i shown.

Peter Winslow

.
1ot ! 10 Mass scale [Tev]

Singlet-Catalyzed EWPTs in the 100 TeV Frontier




Hidden Sectors

- Less constrained (possibly still weak scale)

- Typically still couple to SM via portals
- Interesting collider signatures

Higgs Portal

- Also motivated by real cosmological problems 5
- Baryon asymmetry of the Universe ALD Onp|H]

- Can modify character of EWPT to give
- Strongly 15t order EWPT
- Required for successful EWBG

Requirement of a SFOEWPT identifies a preferred parameter space
- Cosmological motivation for collider searches

Motivation:
Can we discover these models at next-generation colliders?




The XSM Secluded Sel f—Interactions
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Higgs Mixing
hq B cosf  sinf h 20 — (a1 + 2&2%0)’00
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1. Assume h, is previously observed scalar 3. h, inherits interactions with SM
my,, = 125 GeV fermions and gauge fields from mixing

hXX — (hycosf — hysinf) X X

2. Scalar sector involves new
tri-linear couplings that enable
new processes, e.g.,

Which measurements will yield more sensitivity?
\\ ho — hihq Di-Higgs or mixing angle
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Constraints and projected sensitivities to mixing angle

Oblique parameters:
Perform full fit to current best-fit
values from Gfitter group

Eur. Phys. J. C 72, 2205 (2012)

Future Higgs coupling measurements:

HL-LHC:
Vs = 14 TeV, 3 ab™’

ATL-PHYS-PUB-2013-014, CMS-NOTE-13-002
ILC-1:
Vs = 250 GeV, 250 fb"

ILC-3:
Vs =1 TeV, 1 ab’

ILC Higgs White Paper

Circ ete-;
Vs = 240 GeV, 1 ab!
arXiv:1305.6498
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Dedicated heavy SM-like Higgs
searches aren’t competitive
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Di-Higgs production at next-generation pp colliders

Assumptions: .
- m2 > 2 m1
> A >|---- -
- In the resonance
region — —’l\

)\211 = sin ¢ f()\a Lo, a, b37 b4)

Can we discover SFOEWPT-viable models via di-Higgs production?

points based on largest/smallest o BR

—> Concentrate on ggF

. dL
oro(pp(g99) — hs) = sin® 0 UggFmgﬁ
my

—1
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BR(h2 — hlhl) = (1 +

Strategy: | Map boundaries of parameter space by determining a set of benchmark

Higgs XSWG
at 100 TeV
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Benchmarks for discovery prospects

Perform MC scans over xSM space Requirements:
a1/TeV,b3/TeV € [-1,1], zo/TeV € [0, 1], SFOEWPT Sufficient tunnelling
by, \ € [0, 1]
—> CosmoTransitions <—

Max/Min benchmarks are chosen for
each 50 GeV window in 2m,<m,<1 TeV

m,(GeV)
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Benchmarks for discovery prospects

Perform MC scans over xSM space Requirements:
a1/TeV,b3/TeV € [-1,1], zo/TeV € [0, 1], SFOEWPT Sufficient tunnelling
by, \ € [0, 1]
—> CosmoTransitions <—

Max/Min benchmarks are chosen for & .
each 50 GeV window in 2m,<m,<1 TeV d ¢/
< N
1000,
900+
Should future precision studies constrain | _ 800} | MaxoxBR e
6]<0.08, xSM can still yield SFOEWPT. | 5 700} | MinoxBR * [0,
Q 600} ARt
N _/ g o
I Can 100 TeV colliders do better? I :ggg
= A question of significance... 094 0.95 096 0.97 0.8 0.99 Nt

cosé
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Simulate signal + BG oBR with
MG5+Pythia for each benchmark.

Strategy: Explore ideal case and ask what
is optimal combination of /s and [,

Event selection

Final State bby~y Jp—
Backgrounds (bbyy) s, ttyy (T777)sm
[n(7),n(b) <4 In(r) <4

pr(7T) > 20 GeV

pr(v),pr(b) > 20 GeV

T T

leading(fy) pleading(b> > 40 GeV p,ll(zading<7_) > 40 GeV

120 < m(vyv) < 130 GeV, 40 < m(bb) < 200 GeV

For each benchmark:

- Perform optimized multivariate cut on BDT score
- Estimate significance as
N, (S,B) = /2((S+ B)In(1+ S/B) — S)

Singlet-Catalyzed EWPTs in the 100 TeV Frontier

Peter Winslow ICHEP 2016

Optimize signal and BG separation with boosted decision tree (BDT) classifier




For each benchmark, combine maximal significances for each final state

100 TeV, 30/ab —
100 TeV, 3/ab =
14 TeV, 3/ab ==

There exists interesting discovery potential for

100 HL-LHC for m,< 500 GeV

50 TeV at same L significantly extends reach
but remains limited in high m, region

1000F T T T T T ;

500 200 TeV, 30/ab =—
100 TeV, 30/ab —
50 TeV, 30/ab =

100¢
o 50¢
P

10%

A 100 (200) TeV pp collider with 30ab-" could S s e HR |

probe nearly all (all) of SFOEWRPT-viable space
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Conclusions

xSM: a simple framework linking EWPT dynamics to mixing phenomenology, allowing
EWPT-preferred parameter space to act as a guide for collider searches

Measurements of Di-Higgs production in the O(100) TeV frontier have the potential to

- Provide a more powerful probe than indirect mixing angle measurements from
ILC and Circ e+e-

- Render the entire xXSM SFOEWPT-viable space fully discoverable

Reach displayed here may be enhanced by including other final states, features, etc.
- Opportunities to probe (and potentially discover!!) new dynamics during
the EWPT in the 100 TeV frontier appear quite promising

Thank you!
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Appendix slide with (1) table listing efficiencies and (2) table listing BDT features
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Where are strong 15t order EWPTs likely?

Connecting to EWPT requires finite temperature effective potential

Verr(0.T) = Vo(9) + Vew (@) + VIO, T) 4+ VeS¢ T))

Peter Winslow ICHEP 2016 Singlet-Catalyzed EWPTs in the 100 TeV Frontier



Where are strong 15t order EWPTs likely?

Connecting to EWPT requires finite temperature effective potential

Vers(6.7) = V(o) €Pongly) Y. T) Ty (0. 7)

- Gauge dependent!! JHEP 1107 (2011) 029
- Independence restored at high temperature

D(T? - T5)¢* + e¢® + é¢4
o(T)/V2 = ¢(T) cos a(T), =(T) = ¢(T) sin a(T)

Verp(¢,a, T)"M "5

SFOEWPT driven by

Condition for SFOEWPT tree-level parameters
Ag(T)
cos a(T) ) > 1 e = (% cos? o + %3 sin? a) sin o
e
— — cos a(T) ST\ 21 A= Acost o + % cos? asin? o + %4 sin?
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Projected sensitivities to mixing angle: Higgs-like couplings

All relevant couplings rescaled Sensitivity from projected uncertainties
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Current constraints: Oblique Parameters

Effects are simple to calculate
AO = cos? 00°M (m) + sin? 00°M (my) — OM (m,)

= (1 —cos®0) (OSM(mz) — (’)SM(ml)) O=5T.U

Perform full fit to current best-fit 1000
values from Gfitter 900
800

2 = A0 () A0 — AOY > 700
Ax _%(AQ AO) (%), (A0; - A0)) éw o
Eur. Phys. J. C 72, 2205 (2012) & 500
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Current constraints: Oblique Parameters

Effects are simple to calculate

AO = cos? 00°M (m) + sin? 00°M (my) — OM (m,)

— (1 — cos? (9) (OSM(m2) — OSM(ml))

Perform full fit to current best-fit
values from Gfitter

Ayt =) (80;-A0)) (), (20; - A0Y)
v Eur. Phys. J. C 72, 2205 (2012)

Dedicated heavy SM-like Higgs
searches aren’t competitive
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