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Ntroauctior

Without any direct evidence of new physics beyond the SM so far,
the SM may be viewed as a low-energy approximation to a more fundamental theory.

A~ O(TeV)

® | inearly realized SM Effective Field Theory (SMEFT):

dimension-6 terms dominate.

BSM
(resonant)

l d If lepton and baryon number is conserved,
L =Ly + 2' O'D

Deviations from the SM:
higher-dimension operators 6\”, suppressed by powers of A.
Wilson coefficients C'“ are free parameters, correlated to each other E E > Eic

® Non-linearly realized Higgs Effective Field Theory (HEFT):

More general (encompassing SMEFT): Higgs and EW Goldstone bosons are treated independently.
Free parameters of the theory are not correlated.
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ATLAS-PHYS-PUB-2022-019

Interpreting searches for the Higgs pair production in bbtt and bbyy final states, and their combination.
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® Upper limits at 95% CL on gg — HH production cross section for seven HEFT benchmark scenarios
(with different mun spectra): 50.4 fbo (46.0 fb expected) to 135.1 fb (135.1 expected).

® Allowed range for ) . ) .
= . - — Observed limit (95% CL) = . - — Observed limit (95% CL)
— f 104 E_ A TLAS Prellm I nary _____ Expected limit (950/0 CL) f 104 E_ A TLAS Prellm I na‘ry ----- Expected limit (95°/o CL)
C hhh ( = K /1) T - Vs=13TeV, 139 fo™! [ Expected limit +10 L - Vs=13TeV, 139 fb™! [ Expected limit +10
3 . HH - bbyy [ Expected limit +20 3 . HH - bbyy [ Expected limit +20
from ATLAS-CONF-2021-052 o) _ —— Theory prediction o - —— Theory prediction
(_ 1 | O, 6 | 6) Observed | 0% % SM prediction 107 . % SM prediction
(-1.2, 7.2) expected. - :
e Constraints on HEFT e
coupling parameters : -
: - - A
gghh and Cﬂhh' - Observed: cggnn €[—0.4,0.5] | Observed: ¢ty € [—0.3, 0.8]
10" = Expected: cggnn € [-0.5, 0.7] 10" =Expected: cinn € [—0.4, 0.9]
Simun:aneous ConStraintS needed : | I ] ] ] ] I ] | ] ] I ] | ] ] I ] ] ] ] I ] E | I ] ] ] ] I ] ] ] ] I ] | ] ] I ] ] ] ] I ]
for more model-independence. —1 -0.5 0 0.5 1 —1 -0.5 0 0.5 1
Cgghh Ctthh
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SMEF T Interpretations ot single-Higgs measurements
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Wilson coefhicient Operator Wilson coefhicient Operator
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Assuming U(3)% = U(3)gx UB)ux U(B)a x U(3) x U(3)e flavour symmetry.
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SMEFT cross section parametrization:

Using state-of-the-art SM predictions,

Ial dnC

assuming there is no BSM impact on higher-order corrections.

Simultaneous fit to five dif
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IduCIal Cross sectlions |

inear dim-6 terms

Ratio to SM
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Using state-of-the-art SM predictions,
assuming there is no BSM impact on higher-order corrections.

= - sation:  oB = 6= (©)
SMEFT cross section parametrization: ¢B = (6B),, 1+ZA" e - ) B! >

r' a “a" 1y v .

arXiv:2202.00487

Ci(6)c}(6)

Ci(6)

- Quadratic terms with

- i # j not considered.
l ' lj * ‘

inear dim-6 terms guadratic dim-6 terms  higher-dimension terms

Simultaneous fit to five differential distributions: p/”, N, m;;, A®,., pJT'l.
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1D parameter fi, IATLA L
uh omher parameters | S _1 I Observed 68% CL
- H—yy, Vs = 13 TeV, 139 fb Observed 95% CL
— SMEFT (interference only), A = 1 TeV —e— Expected 68% CL
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Olaté Cross sections In oV

arXiv:2207.00348
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ATLAS Simulation Vs-13Tev 139" H - yy,m_ = 125.09 GeV, A =1 TeV
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e Simplified Template Cross Sections
(STXS):

O
o

o
I

Differential measurements with a 2 %
coarser binning in pt, Niets and mj,  §-02
out with additional information
from different production vertices.

(c)/SM Rel. uncertainty

C
O
N

1.0 Affecting both
ggF and ttH production. | :

CuH =

cg=1.0

) _
Cqq = 02

cHw = 0.5

i B i

. _ 0 Affecting H — yy decays
AWE = 1% and VBF and VH production.

ce=1.0

e Considering 34 Wilson coefficients
with a visible impact.

_ 0.2 Affecting
: VBF and VH production.
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o 11D parameter fit, with every other parameter set o zer0. ——1—1——T1—T1—T17T17 T T 1
C—DU _ ATLAS e Linear best-fit (obs.) — 68% (0bs.) - - -+ 95% (0bs.) _
> 6 1 » Linear+quadratic best-fit (obs.) === 68% (0bs.) - - - - 95% (0bs.)
& [ Vs=13TeV,139fb _ ~
o L : _
E 4 H-yy, m =125.09 GeV, A=1TeV :
© - . ' ; -
© - ' : —
D— 1 : 1 : —
2 - E E 1 - | . :
of

_ Similar sensitivity as from

_4_differen|tial rﬁweasvren]ents .+ +r +r +r -+ + { & & § | | | ,I

3) (1
CHwCHBCHWBCHGCw Cc Cuw CuB CugCuH CaH C,:, )C,:,q) C,:,,) CHu CHa CHOCHD Cc(,q) Cc(,q) chq) Cy
x100x100x100x100x10 x10 x10 x10 x10 x0.1 x0.1

e Parameters affecting the high-pT bins ( e.g. ¢, cg; etc. ) constrained predominantly by the quadratic terms,

indicating non-negligible contributions from higher-order terms in the SMEFT expansion.

/ 8 8 8
Cuu CC(IU) Cc(yd) Ct(Jd)

x0.1 x0.1

arXiv:2207.00348

e 1D fits are a good measure of sensitivity, but don’t account for possible correlations between the Wilson coefficients.
=> Simultaneous fit of 12 mutually orthogonal linear combinations of Wilson coefficients also performed.
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Decay channel Targeted prod. modes

H — yy

f ggF, VBF, WH, ZH, ttH.tH g

H o 77% 5 dp L ggF, VBF, WH+ZH, ttH+tH

H—- WW* - fuvty ggk, VBF

VBRI WH, ZH,jttH+tH 4],[5],16],[7]

H — bb

ggF, VBF, WH, ZH, ttH+tH|  [8]

H - 11

Update of the

previous combination using yy, 4¢ and VH(bb) inputs.
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Hl . c”/ affecting almost all measurements
CHG =0.01
C, =02
cuH =1
C(%l: 1
qu =0.2
] c .
C(ﬂ = 0 2
] Cf;lz =1
3) _
: R [ ] e [ 5
1
Qy Q Q, Q
Of@f 0"-"/‘ ,‘/Q/‘ ,"5’1 }'/@/\\\%@\\\9/@\\\%@ é/@ 9/@900 00 %\0 \v,‘/ \e/é\e/@ ‘afo ‘3/@ % <3/@ e‘/é» @'5’ é%’ @'9 @’9 @'9 e& <-‘;5, e&é®7 % 00\ < :"0 000 0&76& &\. &\. &\; &\. &\.
0&00&6,0,//';{0/)0&0&0& (P ”’o,’o’)’ /‘o) \){5\<9‘5\0\\~o‘o‘00v oo»yoxy\,o\,o/,,o&é‘o @%}7,66?
vy \‘To,g‘v 2.2 = %D, % 7%, 3,458, % Ooof“z 2 Y008, %, 207 D2 Ny oL oL DL 6\0)‘\’3“‘3)“0)\\7 ’
0 3%.% o/,\yo,yao 058, 50 5 % 2, 2% 0 T %, "GN, 0L 00 "o vog g P %o
00 N, T Vo var S 4 2% L 8,05 v 0% % %" v %
0 eo%%o)x, A 0053/6\“\ 0 QY
'.Oz; %D o % '2’\2 05,00'0;300
»
% %%, 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://cds.cern.ch/record/2725727
https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2759651
https://arxiv.org/abs/2007.02873
https://arxiv.org/abs/2008.02508
https://arxiv.org/abs/2011.08280
https://cds.cern.ch/record/2790392?ln=de
https://cds.cern.ch/record/2779179
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

Decay channel Targeted prod. modes Ref. 5 .

H—yy { ggF, VBF, WH, ZH, ttH,tH E [1] _ §
H — 77% 5 47 L ggF, VBF, WH+ZH, ttH-+tH 2] %‘o_s
H— WW* > fufy gk, VBF 18] Z_OZ
H — bb VBF}WH, ZH, {ttH+tH 4],[5],[6),[7 _ ;1
H- 1 goF, VBF, WH, ZH, ttH+tH 8] ;0;
Update of the { previous combination using yy, 42 and VH(bb) inputs. % 0
05
® | inear combinations of Wilson coefficients =
along sensitive directions of parameter space: %’0.5
eigenvectors from principal component analysis <o
of the Fischer information matrix ‘°‘_51
=
_]\}EFT =P’ S_TIXS P. goz
05

s - STXS information matrix (Gaussian approx.)
P : SMEFT parametrization matrix (linear-only)
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99 BR

Vs=13TeV 139fb™"

- NDPO®a

c,g=0.02
C,we = 0.04
. . : C., = 0.04
CwB> CHw> CHB» Cuws Cuip» Cy+ @ffecting H — yy decays o o
— —————— —————pe —_— CUB =04
Chop =
Cy = 0.4
! Clyy = 0.04
cg’): affecting mostly (W/Z)H, H — bb (resolved+boosted) new | Cart VBF H — bb helps to szfg'i
/ separate from VH(bb) oo
. Hq = ™°
(1). : _ He ~
Cru Cra» Cyy affecting ZH,H — bb | — s EH[ -
He =
) l . H ) E/ CeH -
Clgll)’ ) aﬁeotlng both ZH,H — bb and H — 144 NEW | C, - aﬁectmg H - 11 Cyy =
C(:l) =1
(3) : : ¢’ =1
C,y,/» €y affecting almost all measurements
) CHG =0.01
Cye» Cyup» €,y affecting ggF and ttH €, = 0.2
' cuH =1
= . i itti =1
Crop = €G> Cggo Cuy - - - - affecting only ttHi NEW (splitting) ‘C’qﬂ s
¢ — qQqq ~ T°
Cq =0.2
cf}(} =0.2
Cf;) =1
3) _
W [ ] D) e |3
Q. 7., 7. 7. 5 Ly Ly U I 2 <. T O W Py Dy P Dy D b4, b4, 4, 4, 4, <x, <x, <x O 6 7o O O 0% & A
& 'O/o{ 0/04' 0@( 6’/@{ \3/0/ P %é’f ‘3.‘/@{00%30\:02\0?0& ):/G"/\%@f\e‘\/@/‘;‘:\/ @f\.‘g/@/ éyé/jyé’/ eyé’f 4 &)6‘&/6‘,99 ’970,90@&’ 6&9;2' 2 \\to»s»o %jo%oo%oqv; \\’{5‘& &\' &\' \'&\' &\'
2 o2 v O 0 2% W % By U ves v 2R3 B O 92 0L B R G 0L G G R e 3R R R 3 %
/0 6’0 \TO \‘\)VG‘ 4 OV O\V 4 (.?0 b¢ 7 %8 \% P Hon Do 07>, e Ob\'ob\\jo \oﬁ\‘) OL OLOL 0) {5\ (30 ‘.90 76\
S 05,0 085N N0 Ny 0 0 oty D % N G, T BB RT prvag v 0 % % o
D TV, g el o 2 e, 00 % 0, Cos L % %
7] 0‘%%‘/0" 7>y /\\\90%76‘)\\ o 9
4 ¢0)v<30 ‘Do 00 Py 0'0&00 <30
,\@ 0 »v‘:,o)v 0% 0
900 77 90)’?9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://cds.cern.ch/record/2725727
https://arxiv.org/abs/2004.03447
https://cds.cern.ch/record/2759651
https://arxiv.org/abs/2007.02873
https://arxiv.org/abs/2008.02508
https://arxiv.org/abs/2011.08280
https://cds.cern.ch/record/2790392?ln=de
https://cds.cern.ch/record/2779179
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

~ 1V N L

) LN
.. ne

¥ i B
Gq "ﬁu'ﬁ'vﬁ'

ATLAS-CONF-2021-053

ATLAS Preliminary /s=13TeV, 139 b _ — 1 N - - |
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y et Hpre 0.6 my = 125.09 GeV, |yu| < 2.5 —o— Best Fit
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First global EFT interpretation in ATLAS: ezt — 8901 = o
(using U(2)g x U(2)u x U2)a x U3 x U(3)e) flavour symmetry) SHEFTA=TTeV :Sﬁeﬁr%lz_ull NLL) o
CHG e —— -
10XCEI%/V,fo - —T—- -
 Higgs STXS measurements o - % _
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« LEP/SLD EWPO: Ko o
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Constraining 6 individual and 22 linear combinations of Wilson coeff. g S
-ive tightest constraints come mainly from a single observable: s
0 oo o -—0-.- -
gg — H? Ghada H — }/}/, FZ, AFB- uH,dH,Ho
: ! — —6
Several constraints driven both by ATLAS and LEP/SLD. A,
Simplified likelihood model available for re-interpretations,
provides results that are very similar to the full model. 5 10 5 0 5 10 15 0 02 04 06 08 1

expected fractional
contribution
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Increasing number of Higgs measurements interpreted in terms of Effective Field Theories.

Combined interpretation of simplified template cross section measurements well advanced.
® significantly increased number of sensitive directions
® straightforward implementation into a more global EFT fit

First global ATLAS EFT interpretation of Higgs, EW and EWPO data now available,
providing also the corresponding simplified likelihood model.

Still a lot to do (on a global scale): treatment of trur

addition of additional measurements to the combir

cation and higher-order uncertainties,
ation, etc.

All results consistent with the SM predictions so far.
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Without any direct evidence of new physics beyond the SM so far,
the SM can be viewed as a low-energy approximation to a more fundamental theory.

e Linearly realized SM Effective Field Theory (SMEFT): A~ OTeb)

Assumes that the Higgs particle is part of a Higgs doublet.
(d)

J Assuming BSM
P = pF -+ Z ( ) no lepton and baryon number violation: (resonant)
SM Ad 4 first-order deviations come in general
from dimension-6 terms. \
Deviations from the SM: higher-dimension operators @gd),
suppressed by powers of A (mass scale of new physics). E > Eilve

Wilson coefficients Cl.(d) are free parameters of the theory, correlated to each other.

e Non-linearly realized Higgs Effective Field Theory (HEFT):

Higgs and EW Goldstone bosons are treated independently, Higgs is assigned to a singlet representation.

More general framework, encompassing SMEFT. Free parameters of the theory are not correlated.

S. Kortner / ICHEP 2022 / July 6-13, 2022 / Bologna, Italy
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H — yy differential and fiducial cross sections in SMEFT
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H — yy differential and fiducial cross sections in SMEFT

arXiv:2202.00487

2D constraints on Wilson coeflicients:
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H — yy simplified template cross sections in SMEFT

ATLAS Simulation vVs-13Tev 139tb™ H— yy, m_ =125.09 GeV, A=1TeV
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® | inear combinations of coefficients (EV) along sensitive directions

determined using principal component analysis (ATLAS-CONF-2020-053).
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ATLAS Vs=13 TeV 139fb"'; H—yy; SMEFT Interpretation; A=1 TeV
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Larger correlations observed due to the effect of the quadratic terms,
which are not considered in the PCA.

Non-zero values outside the diagonal: information matrix used in the
PCA is not an exact representation of the measurement.

Differences not considered in PCA:
non-Gaussian effects due to low event counts in some categories
and the non-linear impact of some systematic uncertainties.
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Degeneracy partially lifted in the observed scans, since observed data don't exactly correspond to the SM expectation.
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partially due to the presence of two degenerate minima from the quadratic dependence.
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Examples of Improvements achieved by
including the measurements of high-prY bins
Using the boosted topology.

Significant improvement achieved despite of
the statistically limited measurement precision.
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Combined Higgs STXS measurements in SMEFT
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