2022 international workshop on the high energy CEPC, 27 Oct

-~
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FOR BSM THEORIES

WEI SU
ON BEHALF OF THE GAMBIT COMMUNITY



https://arxiv.org/abs/2203.04828
https://arxiv.org/abs/2203.07883

GAMBIT: The Global And Modular BSM Inference Tool

gambit.hepforge.org github.com/GambitBSM EPIC 77 (2017) 784 arXiv:1705.07908

e Extensive model database, beyond SUSY

* Fast definition of new datasets, theories

* Extensive observable/data libraries

* Plug&play scanning/physics/likelihood
packages

e Various statistical options ‘\2
(frequentist /Bayesian)

e Fast LHC likelihood calculator

* Massively parallel

* Fully open-source

Members of: ATLAS. Belle-1l. CLiC. CMS Recent collaborators: P Athron, C Balazs, A Beniwal, S
CTA, Fermi-LAT, DARWIN, IceCube, LHCb, SHiP, XENON  Bloor, T Bringmann, A Buckley, J-£ Camargo-Molina, C

’ o ,’ ! ’ ’ Chang, M Chrzaszcz, J Conrad, J Cornell, M Danninger, J
Authors of: BubbleProfiler, Capt'n General, Contur, Edsjo, T Emken, A Fowlie, T Gonzalo, W Handley, J Harz, S

DarkAges, DarkSUSY, DDCalc, DirectDM, Diver, Hoof, F Kahlhoefer, A Kvellestad, P Jackson, D Jacob, C Lin,
EasyScanHEP, ExoCLASS, FlexibleSUSY, gamLike, GM2Calc, N Mahmoudi. G Martinez. MT Prim. A Raklev C Rogan, R
HEPLike, IsaTools, MARTY, nuLike, PhaseTracer, PolyChord, g i, p scott ’N Serra. P St’écker W.’Su A Vin’cent C ’

Rivet, SOFTSUSY, Superlso, SUSY-AI, xsec, Vevacious, Weniger, M White, Y Zhang, ++
WIMPSIim ’ ’ ’
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global fits

scientific method phenomenology GAMBIT
(simplified) (simplified) (simplified)
hypothesis model mr%%ré\fs

N

testing prediction plausibility observable Iikeliany man

hoods observables

— ¥
From C Balazs

ANl



Wrapper? It’s a “CEQ”
GAMBIT dependency resolution for CMSSM

Model parameter translations Precision calculations

S

LEP rates+likelihoods Decays
LHC observables and likelihoods
DM abundance, direct, indirect searches =
Flavour physics observables




Gambit modules

Physics modules

@ DarkBit — dark matter observables (EPJC / arXiv:1705.07920)
@ ColliderBit — collider observables (EPJC / arXiv:1705.07919)
@ FlavBit — flavour physics (EPJC / arXiv:1705.07933)
@ SpecBit — generic BSM spectrum object (EPJC / arXiv:1705.07936)
@ DecayBit — decay widths (EPJC / arXiv:1705.07936)
@ PrecisionBit — precision SM/BSM tests (EPJC / arXiv:1705.07936)

Each consists of a number of module functions that can have dependencies on each other

Statistics module

@ ScannerBit: stats & sampling (EPJC / arXiv:1705.07959)

Sun Yat-sen University Wei Su Page 4 of 25



Gambit modules

GAMBIT [

/ \
FeynRules SARAH
l >< l \,\ Flavio

FeynArts MadGraph CachEP

FlexibleSUSY

SPheno EOS

l l
FeynCalc (et al) Pythia 8 MlcrOMEGAs
l l

2-loop corrections  ColliderBit DarkBlt DecayBit SpecBit FlavBit




Public results

links at

* https://gambit.hepforge.org/pubs

e https://inspirehep.net/literature?g=gambit

Sun Yat-sen University

IN SP|RE:¢ HEP literature gambit

Global fits beyond the standard Beyond-the-Standard-Model models

GAMBIT Collaboration « Anders Kvellestad (Oslo U.) for the collaboration. (Jul 14, 2022)
Published in: PoS CompTools2021 (2022) 033 « Contribution to: CompTools2021, 033

pdf @ DOl [= cite %) 0 citations

Cosmological constraints on decaying axion-like particles: a global
analysis

Csaba Balazs (Monash U.), Sanjay Bloor (Imperial Coll., London), Tomas E. Gonzalo (RWTH Aachen U. and KIT,
Karlsruhe, IKP and KIT, Karlsruhe, TTP), Will Handley (Cambridge U. and Cambridge U., KICC), Sebastian Hoof (Inst.
Astrophys. Gottingen) et al. (May 26, 2022)

e-Print: 2205.13549 [astro-ph.CO]

pdf [= cite %) 2 citations

Recent dark matter results from the GAMBIT collaboration

GAMBIT Collaboration « Martin John White (Adelaide U.) for the collaboration. (May 12, 2022)
Contribution to: Moriond 2022 QCD e« e-Print: 2205.06431 [hep-ph]

pdf [= cite %) 0 citations

Global fit of 2HDM with future collider results

Ankit Beniwal (King's Coll. London), Filip Rajec (Adelaide U.), Markus Tobias Prim (Bonn U.), Pat Scott (Queensland U.
and Imperial Coll., London), Wei Su (Korea Inst. Advanced Study, Seoul) et al. (Mar 15, 2022)

Contribution to: 2022 Snowmass Summer Study e e-Print: 2203.07883 [hep-ph]
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https://gambit.hepforge.org/pubs
https://inspirehep.net/literature?q=gambit

Public results

e results available on zenodo.cern.ch
* parameter point samples
* GAMBIT input files for all scans

example plotting routines

Sun Yat-sen University

ey 20,2021 (1) View

Supplementary Data: Thermal WIMPs and the Scale of New Physics: Global Fits of Dirac Dark
Matter Effective Field Theories

Athron, Peter; Avis Kozar, Neil; Baldzs, Csaba; Beniwal, Ankit; Bloor, Sanjay; Bringmann, Torsten; Brod, Joachim; Chang, Christopher; Cornell,
Jonathan M.; Farmer, Ben; Fowlie, Andrew; Gonzalo, Tomas E.; Handley, Will; Kahlhoefer, Felix; Kvellestad, Anders; Mahmoudi, Farvah; Prim,
Markus T.; Raklev, Are; Renk, Janina J.; Scaffidi, Andre; Scott, Pat; Stocker, Patrick; Vincent, Aaron C.; White, Martin; Wild, Sebastian; Zupan,
Jure;

Supplementary Data Thermal WIMPs and the Scale of New Physics: Global Fits of Dirac Dark Matter Effective Field Theories. The files in
this record contain supplementary data including the samples and plotting scripts used for the results in Athron. P et al. "Thermal WIMPs
and the Scale of New

Uploaded on June 4, 2021

[ January 102021 (1) | other [ open acces Ve
Supplementary Material for Global fits of axion-like particles to XENON1T and astrophysical data

Athron, Peter; (%) Baldzs, Csaba; () Beniwal, Ankit; 2y Camargo-Molina, J. Eliel; (%) Fowlie, Andrew; (%) Gonzalo, Tomas E.; () Hoof,
Sebastian; () Kahlhoefer, Felix; (5 Marsh, David J. E.; (%) Prim, Markus Tobias; Scaffidi, Andre; (3 Scott, Pat; Su, Wei; White, Martin; Wu, Lei;
Zhang, Yang;

This record contains the YAML files used in Athron et al., “Global fits of axion-like particles to XENON1T and astrophysical data." The
semantic file names refer to the scenario considered: the solar ALP hypothesis (alp), the DM ALP hypothesis (dm), the tritium hypothesis
(3h), the R&nbs

Uploaded on February 19, 2021

presentaton | Open Accees view
GUM: GAMBIT Universal Models
Sanjay Bloor; Pat Scott;

GUM is a new feature of the GAMBIT global fitting software framework, which provides a direct interface between Lagrangian level tools
and GAMBIT. GUM automatically writes GAMBIT routines to compute observables and likelihoods for physics beyond the Standard Model. |
will describe the structure of G

Uploaded on January 7, 2020

—
Supplementary Data: A Frequentist Analysis of Three Right-Handed Neutrinos with GAMBIT
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Higgs-portal DM MSSM-EW Right-Handed Neutrinos
[Eur.Phys.J.C 79 (2019) 1, 38] [Eur.Phys.J.C 79 (2019) 5, 395] [Eur.Phys.J.C 80 (2020) 6, 569]

GAMBIT v1.2.0 400 EWMSSM. 1o and 20 CL regions. GAMBIT 1.2.0 - }g—; GAMBIT 1.4.0
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[arXiv:2006.03489 hep-ph] [arXiv:2007.05517 astro-ph.CO] [arXiv:2009.03287 astro-ph.C0O]

GAMBIT::CosmoBit
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Gambit Under Future Study Strategy

Le ptO N CO | | | d ers ZPresentJrCEPC — ogCEPCgPresent
= ZeEPC-Zeollider ZDM-LHavor -LEWPO * * *

SUSY

) ) collider CEPC FCC-ee ILC
e We post-process the publlcly available Nz 240GeV | 240GeV | 365GeV | 250 GeV 350 GeV 500 GeV
. ~1 ~1 R | -1 ~1 -1
data for global fits of SUSY models fLdt  |56ab | Sab- | 15ab” | 2ab 208” | d4ab
. - . . production Zh Zh Zh | vvh Zh Zh vh Zh vvh
with additional likelihoods for the Ac/o 05% |  05% [ 09%| - | 0711% | 2.0% — [ 105 N
] ] decay A(o - BR)/(o - BR)
pl’OpOS@d H '9gs factories. h — bb 0.27% 0.3% [ 05% | 0.9% | 0.46% | 1.7% | 2.0% | 0.63% | 0.23%
. h — cc 3.3% 2.2% | 6.5% | 10% 2.9% | 12.3% 21.2% | 4.5% 2.2%
e 71X 107 Vlable samples fOI‘ CMSSM, h — gg 1.3% 1.9% | 3.5% | 4.5% 25% | 94% | 86% | 38% | 1.5%
7 h — WW* 1.0% 1.2% | 2.6% | 3.0% 1.6% | 6.3% 6.4% | 1.9% | 0.85%
9.4x10” samples for NUHM1, hortr | 08% | 0.9% | 18% | 80% | 11% | 45% | 17.9% | 15% | 2.5%
1.2x108 samples for NUHMZ2, h— ZZ* 51% | 4.4% | 12% | 10% 6.4% | 28.0% | 22.4% | 8.8% | 3.0%
h — vy 6.8% 9.0% | 18% | 22% 12.0% | 43.6% | 50.3% | 12.0% | 6.8%
1.8% 108 samples fOI‘ MSSM7. h— ptp~ 17% 19% | 40% — 25.5% | 97.3% | 178.9% | 30.0% | 25.0%
(vir)h — bb 2.8% 3.1% - — 3.7% — = — =
* a few days tO run on 1280 Table 1: Estimated statistical precisions for Higgs measurements obtained at the proposed CEPC
Supercomputer cores. program with 5.6 ab~! integrated luminosity [5, 6], FCC-ee program with 5 ab~! integrated lumi-

nosity [7, 8], and ILC with various center-of-mass energies [9].
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CMSSM Present Precision

S U SY BF point  central value ILC FCC-ee CEPC
my 91.1876 GeV  91.1876 GeV 2.1 MeV 0.1 MeV 0.5 MeV
my 173.267GeV  173.34GeV  0.03 GeV 0.6 GeV 0.6 GeV
M3 (my) 0.11862 0.1185 1.0x107% 1.0x107* 1.0x1074

= 0% Br; My 80.3786GeV  80.385GeV 5 MeV 8 MeV 3 MeV
C oM x BriM sin Oy 0.231424 0.23155 1.3x107°  0.3x107°  4.6x107°
) m _mobs 2 o _O.ObS 2 5 — obs)2
nggs —21In EHiggs factories — ( h 5 L ) + ( Zh 5 Zh) + Z <’u 52 ) :
O-/’l‘h O-O'Zh 0-/1,7’

o obs\2 MS __ ~MS obs\2
Z pOIe —2In EZ factories — (mt th ) (as (mZ> 2 % (mZ) )
Tme 7 ol (m)
n (mw — m§p)? L (sin? Oy — sin? H95%)?
O-?n’w Us2in2 0W
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CMSSM Present Precision

S U SY BF point  central value ILC FCC-ee CEPC
my 91.1876 GeV  91.1876 GeV 2.1 MeV 0.1 MeV 0.5 MeV
my 173.267GeV  173.34GeV ~ 0.03GeV ~ 0.6GeV  0.6GeV
aMS(my)  0.11862 0.1185 1.0x107* 1.0x10™* 1.0x107*

s = o; X Br; myy 80.3786 GeV  80.385GeV 5 MeV 8 MeV 3 MeV
oM x BriM sin? Oy 0.231424 0.23155 1.3x107°  0.3x107°  4.6x107°

(mw — m$p®) " (sin? Oy — sin? 6%)
2 3
UmW Gsinz Ow
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SUSY

~t ~ 1 -~ - ~c -
£soft ~ Mqu,d|Hu,d‘2 -+ m%F:Fz -+ Eml/gGJGJ -+ AOFiHu,dFi + ...
. 2 2
CMSSM: mgy = MHu,d

=T 7
['soft NMH d|Hud| +mf Fz

MSSMT7: tan 8, A, = A;g = A = 0, except for (A,)53 = Auz(Ad)s3 = Aas.

1
F, —|—2MGG —l—AfFHudF + -
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Results
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Results

* 1 sigma region
does changes
significantly

* 2 sigma region
does not
change a lot
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SUSY

Sun Yat-sen University Wei Su Page 16 of 25



2HDM: Brief Introduction

® Two Higgs Doublet Model
v2 + 5 = v = (246GeV)?

tam 3 — v, /ug [

B [ cosa sina sy A = —Gi1sinB + Gacosf
RO |\ —sina cosa 9 |’ Hi:—cj):ltsinﬁ—l—%icosﬁ

d1 b2
Type | u,d,l
Type li u d,l
lepton-specific |u,d ||

u,l d

flipped

® Parameters (CP-conserving, Z, Symmetry)

m%l)m%2)ﬂ'1; AZ) AS; 2'4-) AS | > 1{, tanﬁ,a, mh’ mH, mA, mHi
. 1 !
SOfStnY sgn lsyegtllmetry brea klng. m12 Wei Su 246 Gev 125. GEV Page 17 of 25




2HDM branch @Gambit

[)‘17 s )‘77ta'n/37 m%Z]

[mh7mH7 ma,my+,
: 2
tan 3, sin,_ gy, Mia, A6, A7)-
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Future Z

Different to SUSY strategy

Current (1.7 x 107 Z’s) CEPC (10'92’) FCC-ee (7 x 101 Z’s) ILC (10°Z’s)
- correlation o correlation o correlation o correlation
S| T t/ (1072) | S T i (1072) | S T Lt/ (1072) | S T U
S | 0.04%+0.11 1 1092 | —-0.68 | 2.46 110862 | —0.373 | 0.67 1 |0.812 | 0.001 3.53 1 10988 | —0.879
T | 0.09+0.14 | — 1 —0.87 | 2.55 — 1 —-0.735 | 0.53 | — 1 —0.097 | 4.89 | — 1 —0.909
U | -0.02+0.11 | — — 1 208 | — — 1 240 | — — 1 3.76 | — — 1
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Constraints: ColliderBit

* HiggsBounds (LEP) HiggsSignals (LHC)

Type-II LHC Run-Il: 1910.06269 , WS
B 50
1 * O | | | | | | | | | | | | | | PIII)I)I IVZ1 [
g :J L ¥ Best fit i
9 | i
o U i 10}
I I e e ;
< i Preliminary 5}
o 0.6L_6sswcd | I
s T 1 e
=t - g
) L N
S 0.4 . 1
= L i ;
R . ] 05}
= 0.2L ol
E -_%4%cL (A
o = .
5: L P‘r‘c')f. likeliholod | | i 0.1 [ _ _
E— N —— 20.10 ~0.05 0.00 0.05 0.10
0.00 0.05 0.10 0.15 0.2

cos(B-a)
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http://arxiv.org/abs/arXiv:1910.06269

Constraints: FlavBit

Radiative B Decay (B —
Electroweak penguins (I 40
Rare fully leptonic B dec

Tree-level leptonic and s
processes) (LUV)

Tree-level leptonic and s
processes) (SL)

B, Mass Splitting (AM
Bj Mass Splitting (AM

tang

20

Sun Yat-sen University

Preliminary

400

MHy+ pole
Wei Su

800

bsll

b2sgamma

MBs/MBd

LUV

SL
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Results: present

ippi v2.1
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Results

AmA = Mg — My AmgzmHi—mH
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Input (YAML)

Spectrum
Generation

Constraints
SpecBit
ColliderBit

FlavBit
PrecisionBit

Results

Higgs-portal DM
[Eur.Phys.J.C 79 (2019) 1, 38]

GAMBIT v1.20
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dependencies constructed
dynamically atirun-time using
graph-theoretic methods to

l

DarkSUSY_PointInit

Ty&:Ybool
Function: DackSUSY _PointInit_MSSM
Module: DarkBit

DD_couplings } RD_fraction InL_oh2
Type: DarkBit::DD_couplings Type: double
Y

Type: double
chﬁon:DD_m%ngs_DtchUS {Funcﬁon:kb_ﬁwdm_ﬁom_m} {Funm’on:lnL_th léxgpuhm}
Module: DarkBit Module: DarkBit Module: DarkBit

DDCalc0_0_0_init

N
Function: DDCalc0_0_0_init
\ Module: BackendIniBit

sigmav

' Type: double

Function: sigmav_late_universe
Module: DarkBit

ction: sigma_SI_p_simple
M DackBit

capture_rate_Sun
Type: double
Function: capture_rate_Sun_constant_xsec

le: DarkBit

( sigma_SI p
Type: double
Fun

SetWIMP_DDCalc0

Type: bool
Function: Set _DDCak0
Module: DarkBit

equilibration_time_Sun
Type: double

Function: equilibration_time_Sun

Module: DackBit

nulike_1_0_0_init ‘ annihilation_rate_Sun
Type: void Type: double
Function: nulike_1_0_0_init Function: annihilation_rate_Sun
Module: BackendIniBit ‘ Module: DackBit
N

incd_LogLiknj [ lC79SL_dataJ ICTOWH data ) — xgf IC79WL_data
auble 3

T%boo]
Function: CalcRates_XENON100_2012_DDCalc0 Function: Cy;

CalcRates_ XENON100_2012_DDCalcO
Module: DarkBit \

Type: double
ction: XENON100_2012_LogLikelihood_DDCalc0
Module: DarkBit y

Inl, XENON100 2012 )
Fun

Type: nudata Type: nudata
{C_LogLike Function: IC9WH_full Function: IC79WL_full
\Bit Module: DakBit Module: DarkBit

Type: nudata
Function: IC79SL_full
Module: DakBit

]
§ IC79SLloglikc]

pe: double
< ICT9SL _loglike
s DarkBit

IC79WH_bgloglike ) { IC79WH_loglike } { IC7T9WL _bgloglike ) { IC7T9WL _loglike
Type: double Type: double Type: double Type: double
Function: I%Wl{_bgbglﬂm Function: %BWHJOg]ike Function: ICT9WL_bgloglike Rxmﬁon:geCBWL_bglﬂm
Module: DarkBit Module: DarkBit Module: DarkBit Module: DarkBi <

it

IC79_loglike
Type: double
Function: IC79_loglike
S DBt
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Constraints: FlavBit

e Radiative B Decay (B — X;v)
e Electroweak penguins (B — K*u*u~) (b2sll)
e Rare fully leptonic B decays (B; — p* ™) (b21l)

e Tree-level leptonic and semi-leptonic B & D decays (see description for
processes) (LUV)

e Tree-level leptonic and semi-leptonic B & D decays (see description for
processes) (SL)

e B, Mass Splitting (AMp )
e B; Mass Splitting (AMp,)

Sun Yat-sen University Wei Su Page 30 of 25



Constraints: FlavBit

Radiative B Decay (B —
Electroweak penguins (I 40
Rare fully leptonic B dec

Tree-level leptonic and s
processes) (LUV)

Tree-level leptonic and s
processes) (SL)

B, Mass Splitting (AM
Bj Mass Splitting (AM

tang
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Preliminary
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My+ pole

Constraints: EW physics

* Muon g-2 anomaly

 Electroweak precision parameters (obligue parameters)

pippi v2.1
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Constraints: EW physics ,
1609.01290: HEP-fit
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Global fitting results

Preliminary
N§ 10000(— T
: o |I
50000/ = |r
! o N O'_I I IR
0 500 1000 1500 2000 0 500 1000 1500 2001
M+ pole mA, pole
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mpg+ , pole

Global fitting results
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Global fitting results

2 2 2 2
Constraints from Vacuum stabiltiy, Unitarity and Perturbativi = —
traint ablty, Uniarty and Pertubatiy m% = mis(1 4+ tan” B)/tan B — Aiv
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tang

Global fitting results

Constraints from Vacuum stab}iltiy, Unitarity and Perturbativity mA s m%Z(]‘ + ta,n2 B)/ tan /8 — )\§U2
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Global fitting results

Constraints from Vacuum stab}iltiy, Unitarity and Perturbativity mA s m%Z(]‘ + ta,n2 /6)/ tan /8 — )\%U2
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Global fitting results
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ECFA-Higgs-GLOBAL workshop Ill, 23 Sep

GAMBIT: Global Interpretations
for BSM theories

Wei Su
On behalf of the GAMBIT community

arXiv: 2203.04828, 2203.07883



https://arxiv.org/abs/2203.04828
https://arxiv.org/abs/2203.07883

The vast majoriy of UV complete models of new physics contain multitude of pa- rameters and can be constrained by a large
variety of experimental searches. Hence, global studies of these models are fundamental in order to understand their full po-
tential. This is particularly crucial for future e-e+ colliders, since their extremely precise measurements will have strong
consequences on the survability of these mod- els that can better be appreciated in a global scope. At the forefront in the field of
global interpretations is GAMBIT, a computational framework capable of performing highly-dimensional, efficient and rigorous
inference studies of particle, astroparticle and cosmological models. In this talk | will introduce GAMBIT and argue its position as
the best candidate to perfom global studies of new physics models, and present some examples of how the results from future

colliders will affect global studies of UV com- plete models such as supersymmetry, two-Higgs doublet models, and heavy neutrino
models.

What is GAMBIT?
The amazing breadth of physics we've studied already

Plans for comprehensive future facilities study using these results (plus we're
happy to work with interested collaborators)

Any preliminary results we have already (e.g. 2HDM, something else we can
generate quickly?)



public results

results available on zenodo.cern.ch

e parameter point samples
e GAMBIT input files for all scans

e example plotting routines

links at gambit.hepforge.org/pubs

Sun Yat-sen University

WeioSel, there are A number of YAML files, each corresponding to a di

June 25,2018 (1) =

Supplementary Data: Impact of vacuum stability, perturbativity and XENON1T on global
fits of Z2 and Z3 scalar singlet dark matter (arXiv:1806.11281)

The GAMBIT Collaboration;

Supplementary Data Impact of vacuum stability, perturbativity and XENONT1T on global fits of Z2 and Z3 scalar singlet
dark matter arXiv:1806.11281 The files in this record contain data for the scalar singlet dark matter models considered in
the GAMBIT "Scalar singlet Mark I1&qu

Uploaded on July 2,2018

S
Supplementary Data: Status of the scalar singlet dark matter model (arXiv:1705.07931)
The GAMBIT Collaboration;

Supplementary Data Status of the scalar singlet dark matter model arXiv:1705.07931 The files in this record contain data
for the scalar singlet dark matter model considered in the GAMBIT "Round 1" scalar singlet paper. The files consist of
Three YAML files, each corresponding to a different pa

Uploaded on August 23, 20

1 more version(s) exist for this record

View
Supplementary Data: A global fit of the MSSM with GAMBIT (arXiv:1705.07917)
The GAMBIT Collaboration;

Supplementary Data A global fit of the MSSM with GAMBIT arXiv:1705.07917 The files in this record contain data for the
MSSM7 model considered in the GAMBIT “Round 1* weak-scale SUSY paper. The files consist of A number of YAML files
corresponding to different sets of sampling parameters and/

Uploaded on August 16,2017

1 more version(s) exist for this record

View

Supplementary Data: Global fits of GUT-scale SUSY models with GAMBIT
(arXiv:1705.07935)

The GAMBIT Collaboration;

Supplementary Data Global fits of GUT-scale SUSY models with GAMBIT arXiv:1705.07935 The fi
data for the CMSSM, NUHM1 and NUHM2 models considered in the GAMBIT "Round 1" GU



GAMBIT 2

Extension to model building
e GAMBIT Universal Model (GUM), interface to Lagrangian-level
e Auto code generation for spectra, cross sections, observables ...

GAMBIT £

/ \
FeynRules SARAH
| | \,\ Flavio

FeynArts MadGraph CaIcH EP FlexibleSUSY EOS

SPheno
FeynCalc (et al) Pythia 8 MlcrOMEGAs \ /

2-loop corrections  ColliderBit DarkBlt DecayBit SpecBlt FIa;Bit




getting started
e clone git repo github.com/patscott/gambit_1.1 or

e download tarballs hepforge.org/downloads/gambit or
e get pre-compilied version docker run -it jmcornell/gambit and

e see quick start guide in arXiv:1705.07908




1. Add the model to the model hierarchy:

e Choose a model name, and declare any parent model
e Declare the model’s parameters
e Declare any translation function to the parent model

#define MODEL NUHM1
#define PARENT NUHM2
START_MODEL
DEFINEPARS (MO,M12,mH,AQ0, TanBeta,SignMu)
INTERPRET _AS_PARENT_FUNCTION(NUHM1 to NUHM2)
#undef PARENT
#undef MODEL

Write the translation function as a standard C++ function:

void MODEL_NAMESPACE::NUHM1_to_NUHM2 (const ModelParameters &myP, ModelParameters &targetP)
{
// Set MO, M12, AO, TanBeta and SignMu in the NUHM2 to the same values as in the NUHM1
targetP.setValues (myP,false);
// Set the values of mHu and mHd in the NUHM2 to the value of mH in the NUHMI1
targetP.setValue("mHu", myP["mH"]);
targetP.setValue("mHd", myP["mH"]);
}

If needed, declare that existing module functions work with
the new model, or add new functions that do.

from Pat Scott



Adding a new module function is easy:

1. Declare the function to GAMBIT in a module’s rollcall header

e Choose a capability

Declare any backend requirements

Declare any dependencies

Declare any specific allowed models

other more advanced declarations also available

#define MODULE FlavBit // A tasty GAMBIT module.
START_MODULE

#define CAPABILITY Rmu // Observable: BR(K->mu nu)/BR(pi->mu nu)

START_CAPABILITY
#define FUNCTION SI_Rmu // Name of a function that can compute Rmu
START_FUNCTION (double) // Function computes a double precision result
BACKEND_REQ (Kmunu_pimunu, (my_tag), double, (const parameters*)) // Needs function from a backend
BACKEND_OPTION( (SuperIso, 3.6), (my_tag) ) // Backend must be SuperIso 3.6
DEPENDENCY (SuperIso_modelinfo, parameters) // Needs another function to calculate SuperIso info
ALLOW_MODELS (MSSM63atQ, MSSM63atMGUT) // Works with weak/GUT-scale MSSM and descendents
#undef FUNCTION

#undef CAPABILITY

2. Write the function as a standard C++ function
(one argument: the result)

from Pat Scott




Constraints from Vacuum stabiltiy, Unitarity and Perturbativity
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Constraints: theory

Constraints from Vacuum stabiltiy, Unitarity and Perturbativity

’ PerturbatiVity -0.26 0 0.66 1.49 264A 413 5.95
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2HDM branch @Gambit
sl Reiksusyspeanm

Not yet supported
(extra Yukawas
required)

fied

suoiounj uonejsues |

parent >

All models at this lower level are transformed
into the generic basis via their translation
functions. They exist only to generate

points for the scanner that then carries

out the scan (& outputs) in the generic basis.
The purpose of these lower level models is to
find points in harder to reach parts of the
parameter space.
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GAMBIT features

flexible and extendable

e fast definition of new models, data sets, sampling methods

® plug&play theory tools (auto-download, compile, dynamically link!)

® ecasily switch between backends calculating the same quantities
e C/C++, Fortran, Python, Mathematica interfaces for backends

® input: model, para.s, observables, sampler, stat. inference

® customizable output streams: ASCII, HDF5...

e GAMBIT 2: input Lagrangian, auto-generate code for obs.s, ...

o«




GAMBIT: The Global And Modular BSM Inference Tool

gambit.hepforge.org github.com/GambitBSM EPIC 77 (2017) 784 arXiv:1705.07908

Blah...

Who cares about global fits?
s this a glorified wrapper?
What can it do for me?

-~ - -~~~ - e~ v~ e~y

Rivet, SOFTSUSY, Superlso, SUSY-AI, xsec, Vevacious, i/‘\/“e.:;iéer M White Y’Z.hang +t
WIMPSIim ’ ’ ’
70+ participants in many experiment$carid numerous major theory codes



