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WG2: Higgs properties

o T o p i CS: Twiki: https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG2
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XS

‘/ Too I S PO Summary for experiments. Scenarios for h>4| decays. Mapping to
other frameworks.
EFT BSM Benchmarks and mapping to EFT. Determine benchmarks sensitive

to differential and coupling measurements, define relevant EFT parameters

* Changes in the convenorship:

EFT Interpretation Workflow Summary: Processes, Operators and BSM
Interpretations

v Marco Delmastro

EFT Fit to STXS using a standardized mapping of STXS stage 1.0

v" Mingshui Chen — Predrag Milenovic

EFT Global Fit in EFT Framework; inclusion of top and Electroweak
measurements

v" David Marzocca — Jorge de Blas

EFT High-Energy Higgs Probes: Longitudinal multiboson processes as tests of
Higgs physics

v" Francesco Riva
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WG2: what have we been discussing?

S\

/Higgs EFT parameterisation efforts

Speaker: Chris Hays (University of Oxford (GB))

LHCHXSWG_1610...

EFT parameterisation and Higgs total width in SMEFT
Speakers: llaria Brivio (Universidad Autonoma de Madrid (ES)), llaria Brivio (University of Heidelberg)

slides_HXSWGmee...

EFT parameterisation of STXS (CMS)
Speaker: Jonathon Mark Langford (imperial College (GB))

Ihchxswg_eft_para...

EFT parameterisation of STXS (ATLAS)
Speaker: Ana Rosario Cueto Gomez (Centre National de la Recherche Scientifique (FR))

MethodologyEF_ST...

EFT parameterisation tools within ATLAS/CMS

Speaker: Andrew Gilbert (Northwestern University (US))

LHCHXSWG-EFTTo...

\_

~N

Higgs + top EFT interpretations

Speakers: Ken Mimasu (Particle Physics-Rutherford Appleton Laboratory-STFC - Science &),

Mimasu_HXSWG.pdf

Higgs + multi-boson EFT interpretations

Speaker: Marc Riembau (Universite de Geneve (CH))

CERNhxswg_oct19...

Automated matching at 1-loop for EFTs
Speakers: Adrian Carmona (CerN), Adrian Carmona Bermudez (Universidad de Granada (ES))

| EFT theory developments
/

MM.pdf

(

.

Motivation for differential observables
Speakers: Frank Tackmann, Frank Tackmann (peutsches Elektronen-Synchrotron (DE))

Motivation for differential observables - follow-up
Speakers: Frank Tackmann (Deutsches Elektronen-Synchrotron (DE)), Frank Tackmann

2019-10-17_Higgs._...

Experimental summary

Speaker: Hongtao Yang (Lawrence Berkeley National Lab. (US))

20191016_lhc_higg.
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Extending STXS with final state information
Speakers: Michael Duehrssen-Debling (cern), Nicolas Berger (Centre National de la Recherche Scientifique (FR))

STXS_and_decay._i...
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Experimental summary : Higgs properties

¢ Higgs boson properties measurements: Reach unprecedented precision
v" 10% uncertainty on inclusive production XS and coupling modifiers
v Differential XS measurements extended to additional final states (added HWW)
v" STXS implemented in major channels (stage 0, stage |.1), now used in EFT interpretations

s

) . . . ] &) . . .
" Differential cross-section measurements - "+ Constrain EFT parameters with STXS in VH, H—bb =
& * Measured distributions show good Coefficient Expected interval Observed interval
agreement with SM Results at 95% confidence level
- Uncertainties still large and often Caw ________[-0.018,0004] [-0.019,-0.010] U [-0.005, 0.006]
E dominated by statistical component (977 R [-0.078,0.024] | (-0.090,0.032] ~___ _
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§ « More discussions in F. Tackmann’s talk: éa [-1.7,0.5] [-1.9,0.7]
ATLAS conr 2019 029 «, Motivation for differential observables See discussions on EFT parameterisation of STXS by J. Langford on Thursday
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£ i E| i 107" %1 T_L - o Q07 E E 2: : i
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wEp 22t mrg| L i & e H~2Z' -4l ig T — o | _J 7 i
Lk E ol I . F H 1
A P — b ; ST T 1 }- - (Y] SEILEILITLER o Tereenneas Be\eefofeer 1
£ osp ] 1 —*—E]» HAME! b Lol g 1 — T F O\ S o]
g s : ] H }E P——«‘E 505 1 =T - 1 T | & o¢ -I; - H 5 J; N 0'|2 . I TR X 1
%, L . : _ _ J % 50 00 160 ZOOH 250 50 DW 250 250(;9 5 ISOGSO 250 250(35'/ -0.025 -0.02 -0.015 -0.01 -0.005 0
ATLAS-CONF-2019-025 V.. cMs- PAS HIG 19-001 Ue') (GeV) CMS-PAS-HIG-18-002 T ?Gey v Gev JHEP 05 (2019) 141
Hongtao Yang (LBNL) Oct 16, 2019, LHC Higgs XS WG workshop 5 Hongtao Yang (LBNL) Oct 16, 2019, LHC Higgs XS WG workshop 17

¢ Suggestion:
v Compare the EFT sensitivity from STXS vs. differential XS (or dedicated) analyses
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Experimental summary : Higgs properties

¢ Higgs boson properties measurements: Reach unprecedented precision
v" 10% uncertainty on inclusive production XS and coupling modifiers
v Differential XS measurements extended to additional final states (added HWW)
v" STXS implemented in major channels (stage 0, stage |.1), now used in EFT interpretations

5 . . " ) 2
ATLAS H HH H >
More generic parameterizations [ Constrain trilinear self-coupling =
) 35.9fb™ (13 TeV) g T
ATLAS e CMS o Observed + Constrain Higgs boson self-coupling using NLO = [~
sgncL = e = L =10 interval EW corrections on single Higgs boson
EMM: Ky< Kon = Koy H 2
P Pt p o Koz & —20intenval production and decay
Kz = A - - Consider kinematic dependence using STXS
Ky = Zg - framework where possible
Kt = = Mg - - + Complement direct measurement in HH channel LN
i b | P " . 105 0 s 0 5 10 15 20
Kb I: : (more detalls In A Ferrarl S talk on Frlday) G. Degrassi et. al., JHEP 12 (2016) 080,
b }‘WZ . — ATLAS-CONF-2019-049 F. Maltoni et. al., EPJC 77 (2017) 887
K —— | / : o 14r SRS H+HH T CMS Phase-2 Simulation Preliminary (14 TeV)
I~ Combination E = : £ reliminary | s
Ky -~ D\‘yZI Agtg Kt Kg _‘..__ 1.3? 5ilf1°:':2i,5: 7080 :," gm
e o 7 = i Combination EotBestrin o . -
12 - H : 1.2F +BestFit HeHH | At s
X . : - I}\"EZI —-’-— ' - :7 H T
By a1 <30% @95% CL - Kg H r o | I
. i - H @
B et - | <21% @95% CL I}\‘bZI ! t —— E .
B | o% @95% CL | ~ Kt ) H : ¥
Bsm \\‘lxdg/\@%/\a A zl | —— 09 i e
15 -1 -05 0 05 1 15 2 N ARTRR TR I PR P A PR R SO F ) ¥, Y \s.FTR
2 -15-1-050 05 1 15 2 25 3 08 : I ‘ ‘ -FTR-18-020
ArXiv1909.02845 Parameter value Eur, Phys. J. C 79 (2019) 421 Parameter value =20 -—15 -10 -5 0 5 10 15 :0 107 T e ) o o
K in [-2.3, 10.3] @95% CL h Kain [-4.1, 14.1] @95% CL Pr
Hongtao Yang (LBNL) Oct 16, 2019, LHC Higgs XS WG workshop 13 Hongtao Yang (LBNL) Oct 16, 2019, LHC Higgs XS WG workshop 18

¢ Constraints on trilinear self-couplings:
v" From NLO EW corrections in single Higgs, complement direct measurement in HH channel

v" EFT interpretation discussions: joint parallel sessions WG2 - HH
de Blas | Delmastro | Milenovic | Riva LHC HXS WG2 Summary



EFT theory development: high-energy probes

® In the SM, all scalars belong to the Higgs doublet:

ht "
( h + ih?

Modifications in Higgs Physics = modifications in EW physics

<R
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EFT theory development: high-energy probes

® The same EFT interactions modifying the Higgs properties can be probed in other
processes involving EW bosons and benefit from growing with E effects...

2 Higgs self-coupling

IQ
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© 15

qh) Constraints from pp - jj FvFfv h at HL-LHC
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r — Irreducible background negligible 4

8 — Background from 1tj) with lepton misidentification negligible for muons,

c under control for electrons

g — Backgorund from fake leptons is potentially the dominant one.

7] We parametrize it with #back = B x #signal,

a — Rough cut—and=count analysis gives competitive results with double higgs production

£

8 — fulure colliders? o(WEW=h+ jj)at 13, 27, 100 TeV : 0.2fb, 1.4fb, 13.5fb 28
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EFT theory development: high-energy probes

® This type of effects and the relevant 2 = 2 processes (where they can be tested) have
been already systematically classified for the case of interactions involving the top...

Charged current operator

LHC 13 TeV CLIC VBF /s (GeV)
tv th ftv tth vBr " 380 1500 3000
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(3 10°
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Oint.  10°{— -
asm |
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» / - »

& q

QQ QR QQ QQ
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Q 7
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EFT theory development: high-energy probes

® Next steps

v" General study of high-energy probes of H EFT interactions using
longitudinal multi-boson processes

v" Map process/operators
v" Only a small number of operators enters a given process
v EFT Theory @ high-E
v" Preparation of note on “High-Energy Benchmarks”

v" Extend “proof-of-concept” studies presented at VWS to more realistic
studies
* More realistic treatment of backgrounds
 Better understanding signal/background kinematics
* Explore vector boson polarisation information
* Include more channels

* Realistic detector simulations

M. Delmastro LHC HXS WG2 Summary



EFT parameterisation and tools

® SMEFT parameterization: Include all EFT operators that contribute significantly

Example 1: Higgs and EW processes Example 2: top quark processes

» U(3)5 flavor symmetry
» all relevant interactions included
» tree-level, interference only

Brivio,Hays,Smith, Trott, Zemaityté in preparation
relevant operators

also: Ellis,Murphy,Sanz,You 1803.03252 20

Z,W couplings

Qi = (iH'D . H)(Iy+1)

Que = (IH''D .H)(&v"e)

Ol = (H'D ,H)(@r"q)

Q“) (iH"D , H)(G0""q)
QHU—(HTD H)(Lz )

QHd = (/HfD H)(d~"d)

Qup = (D, H'H)(H'D"H)
OHwe = (HTU'H)W" B

Q%) = (iH''D, H)(To'y"1)

Q= (p”l“/)(/r’Y"/ )

Bhabha scattering

Qee = @’Y"e)(é’Y”e)
Qle = (/fyl‘l)(eyl‘e)
Q= (v Ip) (")
Qhbox = (HTH) o (HTH)
Qnc = (H'H)G3, G
Que = (H'H)
Quw = (HTH) W, Wik~
)
)

tm
23
CD
=
<
PRELIMINARY

Qun = (H'H)(gHu)
QdH = (HTH (qu)
QeH = (HTH)(/HE)
QG = eachauGprcu
Que = (qa‘“’ T"‘Hu)G"‘

» U(2)q x U(2)u x U(2)d
» top interactions only for now
» up to NLO QCD, quadratic SMEFT

Brivio,Bruggisser,Maltoni,Moutafis,Plehn,

Vryonidou, Westhoff,Zhang 1910.03606

@relevant operators

also: Hartland,Maltoni,Nocera,Rojo,

Slade,Vryonidou,Zhang 1901.05965
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input quantities : - H processes
ree v emwrwr W ;

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 4/19

individual processes necessarily have blind directions

v" combination of different processes / sectors required

34
tZ
ttZ, ttWw
Qi = (QHc"t)B,,,
Single t Que = (inﬁ;xH)({L')"t)
- Qpw = (OHU’“’U‘(b)W:V
tt Qi = (QHAc™ TAL) G, Quew = (iH'D,H)(Ty"b)
Qbu = (QuQ)(ayru) Qf, = (@1 T Q)(@r" THu) Qo = (iH"ﬁi H)(Qo'*Q)
Qb = (Q1.Q)(dy"d) Q% = (Q1.TAQ)(dy* TAd) ho = (H'D ,H)(@1*Q)
Q= (Put)(@'n)  QF, = (B TAt)(@y" THu) Quw = (QH™ s t) W,
:d = (Ej/lt)(d'wd) Q?d = (F_'M TAt)(J'7“ TAd) 36 = — n =
Qpr = (01, Q)(@1*a) Q5 = (1. TAQ)(G+ TAq) Qe = (@uo*TAQ)(@r0* TAq)
QL = () @"q) Q% = (£, TAt)(§1" T4q) Qi = (Qu0* TAQ)(G7"0* TAq)
—
llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 5/19
total Nf =3  WZH pole obs.
general 2499 ~ 46
MFV ~ 108 ~ 30
U(3)8 ~ 70 ~ 24
Brivio,Jiang, Trott 1709.06492
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EFT parameterisation and tools

® SMEFT parameterization: Include all EFT operators that contribute significantly

The Higgs width in the SMEFT H — 4f in the SMEFT - complexity

leading channels:

- h—ete ete”
H— ff available as H — ZZ* H — WW* x Br(Z, W)
relying on narrow width approx. for Z, W. SM
H— gg
H — ~y good in SM but not sufficient in the SMEFT! n < h z
_____ _"_ _————
= z
H— ffy main reason: tree 7y, Zy mediated diagrams 7
also missing: interfering with
» CC - NC interference .z ) L, .
> crossed-current interference in ZZ diagrams - + - + - + - +
) z (2) ' z
» 6Ty, m?, corrections for off-shell boson !
% Z(v) z
7 Lo z i M g
> 4f ~7, bb most relevant ones individually T + o + ) +
5
> all need to be calculated for 6T$* — Br
llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 8/19 llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 10/19

* SMEFT tools

v" Parameterization of Higgs total width (implemented, important effects)

v" Event-by-event reweighting tool (planned to be LHE-based)
* Ready in ~ 6 months!?
* Modular implementation needed (e.g. should be able to compute weight from LHC input files)

de Blas | Delmastro | Milenovic | Riva LHC HXS WG2 Summary 11



EFT parameterisation and tools

* ATLAS/CMS EFT parameterization efforts
v Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
v" Multiple tools/approaches (and public codes) in ATLAS/CMS
EFT parametrization: stage 1.1 qqH
STXS parameterization @ Beyond stage 0: account for shape effects as well as total rates
STXS Stage 1.1 qq — Hqq HEL UFO
. B/ o S
Measurement yields: yi=Y Aji-ri-(0i-Basw rr- (=) L ATLAS-CONF-2017-047 | ! ' . ! ! EsSM
2 L5 h: — | = Cpyy = 0.05
I or, or, B, B, 2y 6T ; - l— _ CHB " 00203
o”‘XBM:(U'XBM)SM<1+0',.T"'"+(SF§;’_(SI“/;;/:,"’> B—.V=(B—M>SM(I+I‘?—_M—EI‘§;4) s/ p—r— : :g\;\Nl 61
ATLAS Preliminary B R RS IAX X
107"
3
EFT ization: b i (] G [ ] FEyR— S < X < i
5 Paramet_el‘lzatlcifi = e "eoden’3 700@”%;%%507" Qge”q’jgaél%iieﬂj g 80, ?
v +ZA"C"+ZB"’°"C" - B2, rQOo o Ge",pﬂ 7200 Gy, oy eV
i ij Ry [EEma] Gel, DH//GSV 7200 7 <200 Gev
[V o 356 rlf?s Ge l?l/ 07%2:2::”\‘25 Ge
) W (| [ v
—H* M LHCHXSWG W Floati M,
u}ﬁ Consat:;?\t’efef;grg;gzuzres in Y Only fit Subset o . QQz2HQQ VBFTC‘!PQ JETSVETOI Fixsdl\a
. 1610,
10 -’ 7T
v" Extensive validations for STXS EFT parameterization  ~ E i -
E 42
°::E CWW cB GHW cHB cA'
de Blas | Delmastro | Milenovic | Riva LHC HXS WG2 Summary
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EFT parameterisation and tools

* ATLAS/CMS EFT parameterization efforts
v Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)

v" Multiple tools/approaches (and public codes) in ATLAS/CMS

Acceptance corrections

Outstanding issue is the EFT modifications to the (four-body) decays

SM extrapolation to total decay width biases EFT interpretation
Particularly for H — 4¢ and H — £vfv where new classes of diagrams appear at dimension-6 Possible to estimate corrections ad hoc
Preferable for STXS decays to be split into the dominantly measured regions
h h 4 h W h m <55
----- ¢t
z w- Bf vlv
B / Bm/}{4>]0 Bmf3f4<lo
Ideally STXS would be split into m, , bins for H — 4¢ and m,, bins for H — £vtv _tvly @ .. AN
For now we can estimate a correction based on published event selection in these channels B4/ B me 3¢ 4> 10
The correction for requirements on invariant masses is approximately universal for the production modes \ Bm”>55 4¢
Apply to decay ratio equations Z s (1 Bad) ( By ) P (4747,
yj = ji  ri (05 SM “ T | = - L - in
Yj 4 . dSMTE e\ g . Bmf3f4>10
4¢
By As Ol \“ [ AGMEFTN® oTu\? ( ASMEFT )
(8)., ), s () (S5 - (%) () ERp—

Can be calculated with Madgraph or analytically, e.g.

o5, Wi o5 Wit g N . N,
[ 209 + 2091, 2 |:5;’\1f|, _ Gk + Chx ” /rl[h'Ai'\‘“" +
Rel(gr. )] Rel(ar,)™] -~ LMty V2 J AR

v" Extensive validations for STXS EFT parameterization
v" Acceptance effects important for unfolded results — need corrections & STXS modifications

* Full simulation of EFT effects at detector/reconstruction level mitigates problem
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EFT parameterisation and tools

* ATLAS/CMS EFT parameterization efforts
v Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
v" Multiple tools/approaches (and public codes) in ATLAS/CMS

Kigenvector decomposition

Production modes only (BRs set to SM values):

Eigenvalue Eigenvector

95892.10 -1.00 - cyg From ggF

620 =0.24 - cyw +0.13 - ci3 — 0.95 - crg3 Mix of VBF+V(had)H and V(lep)H

34 Z0.14-¢G — 0.13 - CHbox + 0.16 - cr1z3 + 0.12 - [curz| + 0.82 - [cug| — 0.17 - cqqu1 — 0.40 -
cqq31 =018 - ¢yt = 0.11 - Cyug From top

10 —0.64 - cgw +0.18 - cgwp +0.23 - i3 = 0.18 - cg1 +0.14 - cgg3 + 0.60 - cpy — 0.21

cga —0.14 - ¢y

% Sensitivity to cHG, cHq3, |cuGI, cHW, cHu, cHI3 (potentially cHq1)
% Including the decay brings additional sensitivity to cHW, cHB and cHWB but also
stronger correlations

H->yy (good experimental sensitivity, no affected by acceptance) :

Complete tables in backup

cHW, cHB and cHWB

% cHW, cHB and cHWB strongly correlated:

4p Sensitivity coming from H->yy. Little sensitivity from VBF and VH.
4 Analytic expression for H->yy decay (CP-even case) width:

Eigenvalue Eigenvector

504594 0.16 - cyg —0.24 - cyw — 0.84 - cyp + 0.45 - cywa From gg->H->yy
14290 -0.99:-cuG —0.14 - cyp

63 0.14 - cgw +0.96 - chg3 +0.11 - cgy +0.15 - |yl

7 -0.11- cG +0.50 - CHW — 0.13 - CHB -0.11- CHI3 + 0.11- CHqg1 -0.18 - CHg3 — 0.26 -

CHu + 0.65 - |Cu(;| - 0.13qu11 - 0.32(‘qq31 -0.14 - Cuul

9

T(H — vy) g2 | 1 1 1
T . - _
X Gy th Gy = =Cuw + —CHB — ——=CHWB:
Tsm(H — yy) r . I I 8182

% Sensitive direction is calculated to be 0.27cHW+0.96 cHB

©0.03
T

T T
© ion Preliminary

A (-logL)
A (-logL)

-0.03" 0
-0.03-0.02-0.01 0 0.01 0.02 0.03
HW 0.27¢,,,+0.96¢, 5

-0.03 0
-0.03-0.02-0.01 0 0.01 0.02 0.03
C,

v" Possibilities to identify flat directions in the EFT fit (helps with the fit convergence)
v" Next step is to move to SMEFT@NLO (important for loop effects in H—yy and gg—H)

de Blas | Delmastro | Milenovic | Riva
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EFT parameterisation and tools

ATLAS/CMS EFT parameterization efforts

v Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
v" Multiple tools/approaches (and public codes) in ATLAS/CMS

Strategies

» Two approaches for constructing the signal model Psas a function of observables x given

coefficients c;

Sum of full-sim. signal PDFs
[1]
P(x|c) =Y alc)- px)

where:

- irunsover a set of fixed points in the
EFT space

- aj are normalisation coefficients

- pi(x) are the pdfs for the fixed points -
possibly from separate MC samples or
matrix element reweighting of a
smaller set of samples

Parameterise gen-level fiducial bins

[2]

P(x|c)= )" [péM(x> > cjﬂf]
J

k

where:

. kruns over fiducial bins at generator

level

« pksm(x) is the SM reco.-level signal pdf

for events in gen.-level bin k

. Mjkis a scaling constant for the effect of

¢jon bink

¢ In the following slides show concrete examples of both (but not intended to be complete!)

17/10/19 A. Gilbert (NWU)

HVV anomalous couplings in CMS

[ Phys. Rev. D 99, 112003 (2019)|
¢ Construct optimal observables using the MELA technique (public code)

CMS Supplementary 775 16" (13 TeV) cMs 775" (13 TeV)
r T T e ST
. . + Observed + Observed
Contains both production r Total SM VBF-tagged Total SM VBF-tagged
. . b CVBF+VH SM 8- ] VBF+VH SM
and decay kinematics 10— Total (% =+ 05 4 Total f,, = 1 P
c | LIIVBRVHIE=.05 - CTTIVBFAVHI, = 1 .= 0+
£ zzzy = Czzizy -
2 @z 2 mmzx Po++Po.
2 f 2
s g
WL
(N 4 >
@ [
s o
1 ‘
0 0.2

e Simulation using the JHU generator and POWHEG, reweighting to different AC points
using MELA

¢ Signal model construction follows a flexible and extensible approach:

PDFs for each component Normalisation

M
sig/int [ - 2 ig/int [ 7 n M—m
Pf;:g " (xJé/'k:fan%f) =) 7’;&,,'“ (x;éjk> fa (L= fai) 7 cos™(¢ai),

m=0

1710119 Muptod , Gibert (nwu) 5

v" Two strategies for constructing signal model as function of observables and EFT coefficients

* Pros and cons, both can exist and be combined, as long as certain conventions are followed

de Blas | Delmastro | Milenovic | Riva
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EFT parameterisation and tools

* ATLAS/CMS EFT parameterization efforts
v Move from SILH to Warsaw basis, from HEL to SMEFTsim model (towards global EFT fit)
v" Multiple tools/approaches (and public codes) in ATLAS/CMS

Observables

EFT20bs

e Approach [2] implies finding scaling of each
bini as:
0, = {TISM + Z ('/(rj_r?t + Z ('/('/\(75%{\/\, where j
j jk

Effective Lagrangian morphing (ATLAS)

e Public code: RooLangrangianMorphing (based on RooFit)

e Given a set of input templates/PDFs and the corresponding EFT parameter points
generates a morphing function to model any point in parameter space

UFO model

and k run over all relevant operators

u=1+ Z CA; i+ Z cicB; i, relative to
]

HEL, SMEFTsim etc STXS, diff. xs, ...

e Supports approaches [1] and [2]. Inputs can be independent samples or ME

" l reweighted ) __—
J @ Morphing function for an observable T, at any coupling point gamger constructed from
the SM prediction = need to find Aj, Bj MG5 weighted sum of input samples Tj, at fixed coupling points g
Process: ggF, VBF etc RIVET Niput
e EFT20bs - Small project started in Les X / Tout (Gtarget) = );1 Wi (Grarget: i) - Tin(Gi) cg T=Ad J
Houches, aims to be usable both inside and
M
outside of the eXperimentS This method allows for more .
EFTZObS t°°| complicated distributions
¢ Agnostic to specific EFT implementation, - Continuous Mix L inererence
. - Anal
easy to implement new models e '1
e Developing solution based on i Demf; Codedhﬂel Coines rote and hape -2 !
1 H H I 1 I u
Madgraph5_aMC@NLO + RIVET Full functionality in development
L. Brenner
17/10/19 A. Gilbert (NWU) 1 17/10/19 A. Gilbert (NWU) 7

v" Two strategies for constructing signal model as function of observables and EFT coefficients

* Pros and cons, both can exist and be combined, as long as certain conventions are followed

v" Important to have multiple (public) implementations, for complementary and cross-check
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BSM interpretation and tools

° EFT interpretation is an intermediate step to easily translate
experimental results in terms of (well motivated) new physics

scenarios
v" WG2 activities during 2018 focused on
preparing a set of BSM benchmarks sensitive
to H differential and coupling measurements
and their mapping to the EFT.

v Document has been just finalised
* LHCHXSWG-2019-006

BSM Benchmarks for Effective Field Theories
in Higgs and Electroweak Physics

D. Marzocca®, F. Riva® (Editors), J. Criado®, S. Dawson?, J. de Blas®/, B. Henning?,
D. LiuY, I. Low?", C. Murphy?, M. Perez-Victoria®, J. Santiago®, L. Vecchi,

@ INFN Sezione di Trieste, SISSA, via Bonomea 265, 34136 Trieste, Italy
b Départment de Physique Théorique, Université de Genéve, 24 quai Ernest-Ansermet, 1211
Genéve 4, Switzerland
¢CAFPE and Departamento de Fisica Teorica y del Cosmos, Universidad de Granada, Campus de
Fuentenueva, E-18071, Granada, Spain
4 Department of Physics, Brookhaven National Laboratory, Upton, N.Y., 11973, U.S.A.
¢ Dipartimento di Fisica e Astronomia Galileo Galilei, Universitd di Padova, Via Marzolo
8,1-35131 Padova, Italy
TINFN, Sezione di Padova, Via Marzolo 8, I-35131 Padova, Italy
9High Energy Physics Division, Argonne National Laboratory, Lemont, IL 60439, USA
" Department of Physics and Astronomy, Northwestern University, Evanston, IL 60208, USA
" Theoretical Particle Physics Laboratory, Institute of Physics, EPFL, Lausanne, Switzerland

Abstract

Effective Field Theories (EFTSs) capture effects from heavy dynamics at low en-
ergy and represent an essential ingredient in the context of Standard Model (SM)
precision tests. This document gathers a number of relevant scenarios for heavy
physics beyond the SM and presents explicit expressions for the Wilson coeffi-
cients in their low-energy EFT. It includes i) weakly coupled scenarios in which
one or a few particles of different spins and quantum numbers interact linearly
with the SM and generate EFT effects at tree-level, i) scenarios where heavy
particles interact quadratically whereupon the resulting EFT arises only at loop-
level and i) strongly coupled scenarios where the size of Wilson coefficients is
controlled by symmetry arguments. This review aims at motivating experimental
EFT studies in which only a subset of all possible EFT interactions is used, as
well as facilitating the theoretical interpretation of EFT fits.
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https://cds.cern.ch/record/2694087

BSM interpretation and tools

* BSM/EFT matching tools:

v" Apart from tools dedicated to implement the EFT parameterization, matching the
EFT results with non-minimal BSM scenarios can be greatly simplified using
automated tools, e.g. MATCHMAKER (Automated matching at |-loop)

MATCHMAKER

Anastasiou, AC, Lazopoulos, Santiago

Hodel s

FeynRules

QGRAF
MATCHMAKER

Mathematica FORM

g Angliides.

A. Carmona’s talk
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Extending STXS with final state information

®  Motivations

v' Agree on general decay-oriented measurements, as independent as possible on
interpretation assumption (as STXS for production)

v POs most general proposal so far, but a few cons
* Interference terms difficult to treat
* Meaning not necessarily intuitively or directly connected to observable quantities
* Covariance matrix of a joined measurement with STXS bins could be insufficient

 Still missing: something we can all agree upon to
use for general Higgs decay measurements

* Needs to be sufficiently general

» Suitable to do measurements, e.g. should be
closely related to observable quantities

* If possible, assumptions needed for
interpretations should be avoided for the
measurements
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Extending STXS with final state information

A compromise ?

H—4l :
« 1% Z usually ~ on-shell, mass m,, ~ m

« 2" Z off-shell, mass q*=m,,

« STXS for g? dependence:
make bins in m,,.

Experiments usually cut m,,>~10 GeV

* Within each bin, g% is ~ constant

« Can chose bins or continuous
parameters without worry about g? expansion

« Continuous parameters could be stage 2

H—-lvlv :
 Want to be as independent from production bins as possible

« Only one Lorentz invariant observable: m, — Let's make bins1 5
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Extending STXS with final state information

Even more minimal starting point

We have seen in the EFT discussions that acceptance effects in

decays play a role. Treat it like |Y |>2.5 in production

e H-ZZ*
* Add 3 H—-ZZ* sub-bins
- H—4l,m,, <X (X~ 10 GeV, not measured region)

- H—-4l, X <m,, <62.5 GeV
- H—-ZZ*—-!4l (populated in ttH multilepton)
« HH-WW*
« Add 4 H-WW* sub-bins
- H—=lvlv, m, < X1 (X1 ~10 GeV, not measured region)
- H—lvlv, X1 <m, < X2 (X2 ~ 50-60 GeV)
- H-lvlv, X2 <m,

- H--WW*>l!lvlv (populated in ttH multilepton, VHWW)

Agreed to start
from this “Stage 0”

Experiment to
discuss details (e.g.
m34 binning
depending on py'*P
selections)

|

More binning (e.g.
angular variable to
to define
asymmetries) could
be added at a later
stage
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Theory motivations for differential observables

The distinction between hard vs. resolution variables is also natural
for BSM sensitivity

@ Born/hard variables by definition probe the kinematics of the respective
hard H-+N-jet interaction

» They are naturally sensitive to (indirect) BSM effects that change the hard
interaction structure

» Requires one to be in the appropriate genuine H+N-jet Born region

@ Resolution variables probe the QCD emission pattern
» They are naturally insensitive to BSM effects

Important to both cover and separate different phase-space regions

@ 2D measurement is much more useful than several different but strongly
correlated 1D projections

@ Measuring as many observables as precisely as possible should have

higher priority than combining differential spectra between channels or
experiments

® The same for "colour singlet + jets" processes (e.g. Z/W+jets, H+jets, etc.)

® H+jets specific due to ggH loop - useful to measure
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Differential observables proposal: H + 0 jets

Legend: hard/Born variables, resolution variables . 5 ,
_ proposal” = suggestion
Higgs observables of possible (multi-

@ Higgs: Yu, p4, eventually 2D {Yx, p’' } dimensional) ob.servables
@ H — ~~ decay: Exact set of variables and

, _ binning to be discussed
» 2D {pr1,pr2} (exposes recoil, asymmetric cuts) by experiments
» equivalent/redundant: 71, 12, cos 0%, An >

) ) H depending on sensitivity
> pre, ¢ (alternatives to pr-) and experimental
o H—~ Z7 decay: 2D {mlz, m34}, challenges

@ H — WW decay: 2D {pr1, P12}, ---
Direct resolution observables
° ;ﬁt, ET
) 7'J§et, 7+ (some preference for 7o over T, T7 vs. TF™?)
@ dedicated track-based measurement: E,, 7
o 2D {p)", T2} or {pk, Ti°'}
» equivalent/redundant: yi°* for pl* > ps¥t or 2D {p’s*, vt}

de Blas | Delmastro | Milenovic | Riva LHC HXS WG2 Summary

23



Differential observables proposal: H + | jets

Possible hard observables

@ pp — Hjis 2 — 2 (ignoring decay now) — 3 independent variables

H jet et Jet
OPT,YH,pT s Y T

@ More options: m g, ...

Resolution observables
@ Options: p ,p¥t2,7}iet2,7'1,
@ Genuine 2D needed

> {pT,pTJ} {pjetl, et2},.

{pT ,p" } = {PT ,PT — ;t} (redundant)
> {p}7, 71}

> {mHj,ng}, {mHj, 7'1}
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Differential observables proposal: H + 2 jets

Here we are running into statistics limitations ...

Hard observables
@ Previous variables: p, pls*', my;, pit?, ...: already effectively covered

@ Adjj,mjj, Anjj, ...

Resolution observables

Hjj jet3
@ P, APH jj, DT s -

In all cases
@ Separate genuine H + 2 region from H + 0, 1 regions

@ e.g. measure in bins of p!o*"? < my /2 and pioth? > my /2
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Next steps

® EFT interpretations

v" Great progress in theory tools and experimental implementations of
parametrizations

v" Planning to have follow-up meeting to clarify pending issues

v" Plan to prepare note on high-energy probes of EFT

¢ STXS
v Stage 1.2 STXS being finalized
v" STXS uncertainty paper to appear soon
V' “STXS-in-decay” Stage 0 proposal agreed on

* Experiments to decide bin boundaries (e.g. ms3,)

¢ Differential observables

v Plan to prepare “recommendation” writeup

* Experiments to decide minimal set of observables of binning
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