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OUTLINE

» Reqgularized linear regression / cross-validation

» Eigensystem of covariance matrix — (more) model
independent

» Predictions, constraints, future measurements
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MEASUREMENTS USED

» Higgs Results:

» 22 Run-1 signal strengths (mostly ATLAS+CMS
combined)

» 33 Run-2 signal strengths
» no differential/boosted measurements

» no EWPD, triple gauge couplings, flavor measurements
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CROSS-VALIDATION

» Split data into training and validation sets

» Optimize parameters using training data w/ regularized
linear regression

» Compute y2 w/ optimized parameters w/o regularization

» Optimal regqularization parameter minimizes this 2/ n
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GUIDANCE FOR FUTURE MEASUREMENTS

» Which measurements would improve the global
constraints the most?

» Quantify using the global determinant parameter -

1704.02333




Observable Observable

e [ | n [
e | om0 [ | o
N7 RN ENET R
NSz TN SR




18

SUMMARY

» Regularized linear regression prevents a fit from falling into an
overfit solution

» Applications beyond Higgs signal strengths
» Eigensystem of the covariance matrix — model-independent
» If all parameters known predictions can be made
» EW Baryogenesis in SMEFT is constrained, but not ruled out

» Studied which future measurements would improve the
constraints the most
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HOW SHOULD WE INTERPRET NULL RESULTS?

» No evidence of other new particles
» implies a separation of scales, v <A

» use effective field theory approach

mp = 125 GeV

| A

v =246 GeV




Lsmerr = Lsm + L + L0 +




HANDBOOK OF LHC HIGGS CROSS SECTION: 4. DECIPHERING THE NATURE OF
THE HIGGS SECTOR 22

STANDARD MODEL EFFECTIVE FIELD THEORY

» Advantages of SMEFT
» consistently incorporate higher-order corrections
» describe differential distributions

» combine w/ measurements from other sectors: EWPD,
triple gauge couplings, ...



CAUTION
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VALIDITY OF THE EFFECTIVE THEQRY

» Must be careful to respect the expansion in E2 / A2
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PREDICTIONS

» Double Higgs boson production
» CMS upper limit 19x SM rate (ATLAS 29x)
» In most general case SMEFT bounds not competitive

» Particular scenarios can be highly restricted, e.g. c¢ = O:

osmerr(gg — hh)/osy(gg — hh) ~ 1.4+ 0.4
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IMPLICATIONS FOR EW BARYOGENESIS IN SMEFT

» assuming temperature dependence only in Higgs mass
parameter

» 1st order transitionif 2  _
§ < Cg < 2

hep-ph/0407019, 1512.00068, 1512.08922, 1709.03232



ocoocooceocsocsocsssoseoseossoseon

>~




regularized

standard fits
Cy, Cqg

Cy, Cg, CHW, CHB







31

INTERPRETATION OF « ?

» k < 1: enforce experimental upper limit (op—>hh, h—2Zy)

» k= 1: set lowest BSM scale of Apmin ~ v/Vk

» normalization dependent

» Regularization matrix in general not proportional to
identity

» e.qg.if strongly coupled theory assumed, relate entries of x;;
to size of coefficients expected from NDA?
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Production r1Signal Strength || Production Signal Strength

1.107023 Wh 1.04+0.5

0.34 , 3.0

0.84 +0.17 Zh 5.9128

TT 1.0+ 0.6 Zh T 2.2122

0% 1.34+0.5 Zh bb

1.1
A 0. 1f0.6 tth Yy

WW 1.2+0.4 tth wWw

TT 1.3+£0.4 tth TT

tth bb

Wh vy 0.5%]"
1
1

3
2
2
0

Wh WwW 1.6 pp

Wh T 14414 p Z~ 27148

TABLE II: Run-1 experimental results used in this work. The Z~ result is from
ATLAS [64]. CMS does not provide a signal strength for h — Z~ although their 95%
CL upper limit is stronger [05] than the ATLAS Run-1 result. All other results are
taken from the combined ATLAS+CMS analysis of Ref. [1| with correlations taken into

account.




Production Signal Strength|Reference||Production Signal Strength|Reference

pp pp | —0.1+1.4 6] ggF 111755

Wh bb 1.3510:88 68] 4.017%

Zh bb 1.12+052 68] 1.71,2

ggF vy 0.80F 0% 70] 3.2775

vy 2.1 +0.6 70] 4.0771

0%, 0.770 % 70] 6.2757

vy 0.5+ 0.6 70] 0.5 16

pp 7y 1.3+ 2.6

TABLE III: Run-2 ATLAS results used in this work. We estimate the signal strength for
h — Z~ from Ref. [72], which states the upper limit for this process is 6.6 times the SM

rate at 95% CL and that the significance of the measurement is 0.50.
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TABLE IV: Run-2 CMS results used in this work.
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PSEUDOINVERSE

» defined by A ApP A = Aratherthan A-1A =1

» exists for any matrix

» if (genuine) inverse exists, then Ap = A
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CMS upper limit




