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Pre-talk Advertisement!

&=

ScannerS - Hepforge x
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Changelog
Contact

Home

ScannerS is a C++ fool for scanning the parameter space of arbifrary scalar extensions of the Stary
(SM), which is designed for an easy implementation of experimental resulis/bounds by the user.

Currently the code contains several core routines to numerically generate (on each scanning step
minimum (vacuum) from an arbitrary scalar potential expression. The potential and various options
by the user in a Mathematica notebook. The notebook generates an input file which is used in the
where the scanning analysis is specified. The core code contains routines to: test tree level unitari
symmetries for the mixing matrix; detect flat directions and degenerate states; and various templats
test the stability of the potential as well as to impose constrainis (see comments in the code and thi
more information).

Please contact us if you have problems and/or suggestions.




Pre-talk Advertisement!

m RxSM-dark: 1 Higgs + 1 Dark (Z2) — No MicrOmegas yet!
m RxSM-broken: 2 Higgs mixing (Z, spont.broken)

m CxSM-dark: 2 Higgs mixing + 1 Dark
m CxSM-broken: 3 Higgs mixing

m TwoHDM: T1,T2,T3,T4

m NTHDM-broken: THDM + Real singlet Z, spont. broken
m NTHDM-dark: THDM + Real singlet Z, UNDER DEV.

m C2HDM: NOT PUBLIC YET.
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Pre-talk Advertisement!

m CxSM-broken: 3 Higgs mixing

m NTHDM-broken: THDM + Real singlet Z, spont. broken

m C2HDM: NOT PUBLIC YET.

Pheno3 tomorrow = Rui Santos’: Higgs sectors comparison

M. Mihlleitner, M. O. P. S., R. Santos, J. Wittbrodt, 1703.07750

M. Miihlleitner, M. O. P. S., R. Santos, J. Wittbrodt, JHEP 1703 (2017) 094

R. Costa, M. Miihlleitner, M. O. P. S., R. Santos, JHEP 1606 (2016) 034 — see also YR4
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Scalar singlet models overview
m Motivation
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General scalar singlets & the Higgs portal

m Scalar sector prone to coupling to hidden sectors!
Only SM singlets with dimension < 4 are: H'H, B, , HL

Voxsm = Vem(HTH) + HTH x A(S) + View(S)

1 G*
H:E V4 ht G and Sk = vk + Sk .
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General scalar singlets & the Higgs portal

m Scalar sector prone to coupling to hidden sectors!
Only SM singlets with dimension < 4 are: H'H, B, , HL

Voxsm = Vem(HTH) + HTH x A(S) + View(S)

1 G*
H:E V4 ht G and Sk = vk + Sk .

m Some s, may mix with Higgs, otherwise they are dark.

m LO couplings to SM through mixing (dilutes higgs):

Higgs fluctuation <— h = Z kaHa , Z |Kal? = 1
a a
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Our benchmarks — RxSM

A. Datta, A. Raychaudhuri, Phys.Rev., D57:2940-2948, 1998
R. Schabinger, J. D. Wells, Phys.Rev., D72:093007, 2005 + . . . lots

SM plus S (real field) Z, symmetry S — —S

V="THH 4+ 2(HH)? + 2 H HS? + ’”SS2+ 28
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Our benchmarks — RxSM

A. Datta, A. Raychaudhuri, Phys.Rev., D57:2940-2948, 1998
R. Schabinger, J. D. Wells, Phys.Rev., D72:093007, 2005 + . . . lots
SM plus S (real field) Z, symmetry S — —S
_ A 2 A 2, M a2 | As o4
V="HH+3(HH)?+ 4SHHS? + 528% + 338

m Zp phase (vs = 0): dark matter

(o )= (0 3)(5)
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Our benchmarks — RxSM
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hy (10 h
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Our benchmarks — RxSM
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hy (10 h
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m 75 phase (vs # 0): 2 Higgs mix

(h)= (0 ey (8)
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Our benchmarks — CxSM

V. Barger, P. Langacker, M. McCaskey, M. Ramsey-Musolf, G Shaughnessy, PRD79 (2009) 015018
R. Coimbra, MOPS, R. Santos, EPJ C73 (2013) 2428
R. Costa, A. Morais, MOPS, R. Santos, Phys.Rev. D92 (2015) 2, 025024

SM plus S = (S + iA)/v/2, with residual Z, symmetry A — —A

V = THH + (HHP+ ZHTHISP+ZISP+Z 181+ (582 + arS + c.c.)
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m 7, phase (vs # 0, v4 = 0): 2 Higgs mix + 1 dark

hy cosa —sina 0 h
ho = | sinaa cosa O S
hpwm 0 0 1 A
m 75 phase (vs # 0, v4 # 0): 3 Higgs mix
h Rin Ris Ria h
ho | = Ren Ros Roa s
hs Rsn HAzs Rsa a
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Our benchmarks — CxSM

V. Barger, P. Langacker, M. McCaskey, M. Ramsey-Musolf, G Shaughnessy, PRD79 (2009) 015018
R. Coimbra, MOPS, R. Santos, EPJ C73 (2013) 2428
R. Costa, A. Morais, MOPS, R. Santos, Phys.Rev. D92 (2015) 2, 025024

SMplus S = (S + iA)/+/2, with residual Z, symmetry A — —A
V = T HH + (H HP+EHTHISP+ 5152+ %181+ (582 + arS + c.c.)

m 7, phase (vs # 0, v4 = 0): 2 Higgs mix + 1 dark

hy ki —Sina 0 h
ho | =| ko cosa O S
hom 0 0 1 A
m 75 phase (vs # 0, v4 # 0): 3 Higgs mix
hy k1 Ris Ria h
he | = w2 Ros Roa S
hs k3 Ras HRsa A
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Attractive features of scalar singlet models

Among the simplest extensions of the SM but yet they can:
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CxSM can help stabilise SM

R. Costa, A. Morais, MOPS, R. Santos, Phys.Rev. D92 (2015) 2, 025024

IOgm(ﬁ)
20

Dark matter phase

0 50 100 150 200 250 300 350 400 450 500
Mo, (GeV)
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Attractive features of scalar singlet models

Among the simplest extensions of the SM but yet they can:

m Provide dark matter candidates
Silveira, Zee Phys.Lett., B161:136, 1985.

m Improve stability of SM @ high energies

for a recent study with a complex singlet see
R. Costa, A. Morais, MOPS, R. Santos, Phys.Rev. D92 (2015) 2, 025024

m Help explain the baryon asymmetry of the Universe
S. Profumo, M. J. Ramsey-Musolf, G. Shaughnessy, JHEP, 0708:010, 2007

m Rich phenomenology with Higgs-to-Higgs decays

LHC HE runs — start probing Higgs self couplings
= opportunity also to probe extended Higgs sectors
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Scalar singlet models overview

m LO phenomenology/constraints
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New Higgs production and decays

In singlet models, various LO (in EW corrections) observables,
related to SM by a factor of x2:

m Production cross sections:

— 2
O'i—lil-O'SM
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m Production cross sections:

— 2
O'i—lil-O'SM

m Decay widths to SM particles:
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New Higgs production and decays

In singlet models, various LO (in EW corrections) observables,
related to SM by a factor of x2:

m Production cross sections:

— 2
O'i—lil-O'SM

m Decay widths to SM particles:
= /i,?I_SM
m Total decay width:

total _ .2 total L
]
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Phenomenological constraints

A. Djouadi, J. Kalinowski, M. Spira, Comput.Phys.Commun., 108:56-74, 1998.

sHDECAY: Implemented the 4 models in a modified HDECAY
with higher order EW corrections off
www.ltp.kit.edu/~maggie/sHDECAY
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Phenomenological constraints

A. Djouadi, J. Kalinowski, M. Spira, Comput.Phys.Commun., 108:56-74, 1998.

sHDECAY: Implemented the 4 models in a modified HDECAY

with higher order EW corrections off
www.ltp.kit.edu/~maggie/sHDECAY

Pheno constraints (CxSM & RxSM) imposed in Scanners:

m Electroweak precision observables — STU
m Collider bounds (LEP, Tevatron, LHC) HiggsBounds
m Used ATLAS+CMS global signal rate /ip,,, = 1.09 +0.11

m Dark matter relic density below Planck measurement &
bounds from LUX2016 on og (mlcrOMEGAS)

Barger et al. PRD79 (2009) 015018

r A
A ma y \
. .
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www.itp.kit.edu/~maggie/sHDECAY

NLO-EW corrections
m NLO-EW gluon fusion
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Why go NLO-EW?

m The LHC has only found 125 GeV Higgs

m If no new states measured, can we probe them through
radiative corrections of Higgs observables?

m We focus on corrections to gluon fusion production

m But SM couplings of new mixing scalars suppressed by
2

m What about contributions from new scalar sector
couplings? In particular dark loops?

Marco O. P. Sampaio gravitation.web.ua.pt/msampaio University of Aveiro



Previous studies focusing on other effects

m Couplings & Decay widths:

S. Kanemura, M. Kikuchi, K. Yagyu, arXiv:1511.06211.

F. Bojarski, G. Chalons, D. Lopez-Val, T. Robens, arXiv:1511.08120.
m Interference effects:

E. Maina arXiv:1501.02139.

N. Kauer, C. OBrien, arXiv:1511.06211.

m W boson mass corrections:
D. Lopez-Val and T. Robens, arXiv:1406.1043.
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Near decoupling limit approximation x% — 1

aé';’,ﬁo) _ Uéglo__) (1 + dsm + 6xsm)

A N
SGxsM (“; AU 1) Chnt + 02, — 6Z5M
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NLO corrections calculation

KhA - .
0GxsSM =2 ( hs,?ﬂhh - 1) Chnt + 02y — 025"
Ahhh

m Cpyr ~ 0.0066 obtained in:
G. Degrassi, P. P. Giardino, F. Maltoni, D. Pagani, JHEP 1612 (2016) 080.

m Wave function renormalisation factors, 0.2,
= Computed NLO-EW scalar propagator corrections with:

* Leading top sector contributions
* In MS scheme v

h h
N, i - - - -
-
h

;»52,7:{352_’ "‘L-+K$,as[i- ey ]}
l"] ﬂ'l h -ﬁh S:mf7
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NLO-EW corrections

m Numerical results
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Corrections to gluon fusion — RxSM

KhAhhh . -5 SM
0GxSM = —Ssw 1) Cppr + 02 — (52[79
hhh

0.2 T T T T

-0.2
-0.4
-0.6
-0.8

drxsm (%)

-2 - 9
aal Koy > 090 @
; K3, > 0.95 e

1.6 Fo 2
Khios > 0.98 o
_1'8 1 1 1 1 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900 1000
Mh;#h12s (GeV)
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Corrections to gluon fusion — CxSM dark

KhAhhh . .
0GxSM = N 1) Cppr + 02 — (‘)Z[,SM

hhh

CxSM — dark matter phase
02 ‘ I S S m—

dexsm (%)

’ 0 100 200 300 400 500 600 700 800 900 1000
Mh;#h12s (GeV)
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Corrections to gluon fusion — CxSM dark

KhAhhh . .
0GxSM = N 1) Cppr + 02 — (‘)Z[?M

hhh

CxSM — dark matter phase
02 ‘ I S S m—

dexsm (%)

T
0 100 200 300 400 500 600 700 800 900 1000
Mh;#h12s (GeV)

University of Aveiro
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Corrections to gluon fusion — CxSM broken

KhAhhh ) )
Ocxsm = | —a— — 1| Chpr + 02, — ()Z[?M

dexsm (%)

SM
hhh

CxSM — broken phase

100 200 300 400 500 600 700 800 900 1000

mMps (GeV)
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The RxSM and CxSM are interesting benchmarks which
can provide dark matter candidates
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can provide dark matter candidates

They may also assist with solving other BSM problems and
provide interesting signatures at colliders
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The RxSM and CxSM are interesting benchmarks which
can provide dark matter candidates

They may also assist with solving other BSM problems and
provide interesting signatures at colliders

When evaluating NLO-EW corrections to gluon fusion
single Higgs production:

m Radiative corrections without dark matter are vanishingly
small when we approach the decoupling limit

m Despite larger corrections being possible due to the dark
loops the CxSM-dark is very constrained and corrections
are at most of order a few percent.

= These models need to be probed through direct
searches.

Marco O. P. Sampaio gravitation.web.ua.pt/msampaio University of Aveiro



BACKUP



Mixing sum shifts

At the level of the scalar propagator corrections we can assess
magnitude of NLO corrections by looking at (¢ = 1/(47)?)

1 1
R |azl) - axl)

_ 0)j (O)X I 1 tree 2
Z/@X 1= 5 %X m,z((o) mj2(0) + O(=9) .

m Fixed within schemes with normalised pole eigenstates.
m Measures deviations from tree level mixing sum.

m Good indicator of magnitude NLO corrections.
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Mixing sum shifts

CxSM — dark matter phase mp (GeV)
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Implemented micrOMEGAS interface = present relic density
Involves:
m Creating LanHep model file
m Link and compile micrOMEGAS routines with ScannerS
Physical idea:

m Only 1 dark A out of equilibrium
m A non-relativistic (CDM)

m relic number density n4 governed by the Boltzmann eq.
dnA

Barger et al. PRD79 (2009) Olsolf

A

TA L 3Hn, = —
ar T A

2 EQ\2
(oalvl) (G~ (n59)
2 A Hip A
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