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Introducing Rivet A
; Robust Independent Validation of Experiment and Theory ! |
i . . 3
i arxXiv:1003.0694, arXiv:1912.05451 J
:
. . ransverse N density vs. p§us? 3
" A Direct legacy from HERA e :
s E s =7TeV S
‘ (19905, HZTOOD g 1.6;— pl/_>500MeV, <25 - i
" A Developed by MCnet for THr g T E
' tuning and validation of O e El,
’ new MC event generators o8 T HERWIG AUET: (CTEQLY
. . 0.6 [ ] —— HERWIG AUET2 (MSTWo08LO) — l
' | e.g. Whatdoesthe 0s - -~ - HERWIG AUET2 (CTogC2) g
' underlying event look like 02+ T HERWIG AUEL, (MReTLOY | B
: in 7 TeV pp collisions? B i e s e e
" A Library of measurements of gl i
' final state particles produced ¢ .. ERN
: In collisions, and variables R TR I
i derived from them S . j
: Buckley et al, Bierlich et al From ATL -PHYS-PUB-2011-008
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A Extend the power of
Rivet beyond the
Standard Model
Signal-injection of
final -state particles
from Beyond-the-SM
physics events on to
the measured cross
sections in Rivet

d? U/dm,,dy" [pb/GeV]

(Bkgd+BSM)/Data
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Introducmg Contur

Constraints On New Theories Using Rivet
arxiv:1605.05296, arXiv:2102.04377
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(a)

From Altakach, JMB,) | rKfsen, SchienbeinarXiv:2111.15406

JMB, Grellscheid, Kramer, Sarrazin, Yallup; Buckley et al
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Dijet cross section (y* < 0.5), R=0.4
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Increasingly precise measurements and calculations
together extend the reach
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Recent Developments %é

A New interface between Rivet+Contur and

Madgraph
I Could already drive a MG scan using Contur
machinery (as with Herwig)
I Can now accessRivet+Contur from within the MG Ul
and use MG scanning machinery
A Wider selection of SM predictions, move to using
these only

N rd rd an Pl

i OOwOOUI WEUUUOxUPOOwWUI EUUJUI

A Use of correlation matrices, more Rivet analyses,
other minor improvements ( Contur 2.4)

A (See8 O U Etdlkzthis afternoon for more.)

l-»- T B AT T N




T (R

S Bl D G o e L
i

« A A heavy scalar
triplet and the W
mass

A Composite Dark
Matter

A Vector-like
Quarks
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Unleashing the power of high &

luminosity LHC data
(example case studies)

i
i
-
1
!
!
> | Simplified DM model : CONTUR | *#
S, | axial-vector mediator A
= = = = : a4
e % 0.25, g 0, Iou 1 : 4
i ;| — ATLAS 6
1000— : MET+Jets Direct Search | U
3.2fb ' (1604.07773) .
------ CONTUR + ATLAS 2
MET +Jets Measurement T
3.2fb™ (1707.03263) i
— ATLAS i
500[— tt Resonance Search

36.1 fb~ (1804.10823)
I N N 47 TTTTE CONTUR + ATLAS .
Hadronic tt Measurement| F

B 36.1 fb~ (1801.02052)
0 _*“ I | 1 1 .
0 4000 m [GeV] @

Louie Corpe

A The future?




A Heavy Scalar Trlplet and the %é

W mass
A Motivation

O O B R v D o S i .‘

I The W mass: CDF and custodial symmetry
I The Type Il Seesaw model
I Bringing them together
' A Method
: I Rivet, Contur and, the LHC measurement library
: and SM predictions

A Results and conclusions

: JMB, JulianHeeck, Sihyun
Jeon, Olivier Mattelaer, -

: Rlchard Ruiz
: Phys.Rev.D107(2023)7, 075020 :
2210.13496hep-ph]
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Motivation
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The W mass

Overview of m,, Measurements

LEP Combination
PR. 532, p119-244, (2013)

DO (Run 2)
PRL 108, p151804 (2012)

CDF (Run 2)
Science 376, 6589, p170 (2022)

LHCb 2022
JHEP 01, 036 (2022)

ATLAS 2017
EPJ-C 78-2, p110 (2018)

ATLAS 2023

this work
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@ Measurement
|:|Stat. Unc.
.Total Unc.

“ISM Prediction

ATLAS Preliminary
(s=7TeV, 461"

80200

ATLAS-CONF-2023-004
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- Direct M, and m measurements i — 0=046©050,,, GeV -
- CDF Il M,,, CMS TOP-20-008 m % ’
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Custodial Symmetry  -gg-

]

A Residual SU(2) symmetry after
spontaneous symmetry breaking

I Invariance under rotations among
(WL, W2, W) i.e. M(W *") = M(W?)

. i After mixing with U(1):

po = M7, /M% cos? Oy, = 1

| Obviously must be broken (but only slightly!)
; If CDF are even approximately right

: I Many BSM models buildin ry=1
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Type Il Seesaw Model  -4p-

]
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A Add a complex scalar triplet with a vev to the SM

A LA+ A++ A 1 0 0
A=|V2, Ay (Ay = — ( )
A —ﬁA \/i VA 0

A Introduces Majorana mass terms for neutrinos

A Direct connection between neutrino oscillation
parameters and Yukawa couplings implies

correlations between collider signatures (D decays
to leptons) and neutrino sector
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Two problems solved? -]

S
AtH AT
A Low vev (M1 GeV) means :
the tree-level effectis small ~ w* Anpy AN, W
A One-loop contributions can N '
be large and opposite in A7, 47 ;
Sign 10 and 20 reglons preferred by mW :
A Low Yukawa S 140 LEET T My
couplings/vev evades ¢ 120! i
many searches R '
i Y<<1 MeV<ygGeV kios3 -
A A CDF-like shiftinM , = _ &
Implies upperbounds on %i :
mass states 5 ’
;
40—l L
JHeeck Phys.Rev.006(2022)1,015004 >0 100 150 200 250 300 350 !
2204.10274 My [GeV]
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https://arxiv.org/abs/2204.10274
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ATLAS ~Total

Run 1: Vs = 7-8 TeV, 25 fb”, Run 2: {s = 13 TeV, 36.1 fb”

ISt:at.l only

Ratio to SM

NI R

vl

Total  (Stat. only) ’ 10 102
Run 1 H—4/ 124.51+ 0.52 (  0.52) GeV Particle mass (GeV)

Run 1 H-yy 126.02 + 0.51 ( +0.43) GeV
Run 2 H—-4/ 124.79 + 0.37 ( £ 0.36) GeV
Run 2 H—yy 124.93 +0.40 ( +0.21) GeV

_________________________________ .l________._...____________...__________...__________
Run 142 H—4 124.714 0.30 ( +0.30) GeV

)

|

oWEAK SYMMETRY

v
“éuncfﬂg‘l»‘vg;

Run 142 H—yy 125.32 + 0.35 ( + 0.19) GeV
Run 1Combined ; 125.38 + 0.41 ( £ 0.37) GeV

Run 2 Combined ] 124.86 +0.27 ( £ 0.18) GeV

Run 1+2 Combined i 124.97 £ 0.24 ( £ 0.16) GeV
ATLAS + CMS Run 1 125.09 + 0.24 ( £ 0.21) GeV
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Standard Model Production Cross Section Measurements 3" . Jcd
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! A Feynrules! A UFO A Madgraph A Pythia A Rivet
A Contur (over 130 LHC measurement papers)

A vev = 1 GeV

I High enough that D decays are prompt. At very low
values (~0.1 MeV for Mp,,= 200 GeV) may not be true

I Little effect on coIIider phenomenology otherwise

i

A/ AH >/\AxA
A__ ??%L
N N A G

1 Pich SantamariaBernabey Phys. Lett. B 148 (1984) 2233.
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100 200 300
Ma++ [GeV]

@ ATLAS 4¢
[ ATLAS ¢, 6,+ERsS
[ ATLAS £1£2+En“55+1et

JHEP,07:005, 2021

EPJC,77(3):141,2017.

JHEP,06:003, 2021.

The (M1 #OM) parameter space i

overlaid with the 95% (solid)
and 68% (long-dash) exclusion
limits as obtained from
MGaMC + Contur.

Values to the left of the lines are §
excluded. ;

Also shown is the 95% expected |
exclusion (dotted). i

The colour-shading scheme
indicates which SM
measurement provides the
dominant exclusion.

The black asterisk indicates the
best fit value from Heeck(2022)

All possible final states were
scanned
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| p-val (Sherpa)=0.22 —g DataI
10¥s=13 TeV, 139 fb"' p-val (Powheg)=0.09xxw Powheg qg—4l + X
sttt Sherpa qg—4! + X
X=g9g—4l+H—41+VVV+itV(V
H—4l
gg—4l
— f/V(V)+VVV

do/dm, [fb/GeV]
T NN
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Example of Impact

]

Upper panel: Representative
differential cross section as a
function of the highest-mass

dilepton pair in 4 -lepton

measurements used in this study

showing:

A ATLAS data (crosses) JHEP 07

(2021) 005

A Predicted SM
Sherpa, SciPostPhys. 7 (3) (2019)

034

yields

A Predicted SM+BSM
(M1 £+, MI +) = (180 GeV, 255

GeV) (blue)

Lower panel: bin -by-bin

yields for

significance of expected theory
yields relative to data with
combined data and theory
uncertainties (band).
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