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GLOBAL FITS IN THE SMEFT



HEP SCORE CARD

» origin of EWSB: Higgs discovery! (incomplete)

» something unexpected: inconclusive

» dark matter: no ~ IWE Gl". IIEW v‘
I'IIYSIBS DOWN IIEIIE

» EW baryogenesis: no
» neutrino masses: no

» naturalness: no




HOW SHOULD WE INTERPRET THESE MEASUREMENTS?

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

» Use effective field theory approach

Lovprr = Loy + L9 + 20 4

e
£ =3 a0




PART 1 - STATISTICAL
APPROACH TO HIGGS
COUPLINGS
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WHAT T0 DO ABOUT LARGE NUMBER OF PARAMETERS

» Impose symmetries
» Add more (classes of) measurements to the fit
» more on this later

» Regularize the fit...






~1
H'V'H + k1
U= (H'V'H + k1)




MEASUREMENTS USED

» Higgs Results:

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

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

» no EWPD or diboson couplings
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HIGGS SIGNAL STRENGTHS

» Probe 10 directions in SMEFT space
» Proof of principle: include 12 operators in the fit

» Explicit expressions will be shown later
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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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UTILITY OF x ?

» k < 1: enforce experimental upper limit (opp—>hh; h—Zy)
» k= 1: set lowest BSM scale of Amin ~ VVE

» normalization dependent

» Regularization matrix in general not proportional to
identity

» e.g.if strongly coupled theory assumed, relate entries
of Kij to size of coefficients expected from NDA?



PART 2 - UPDATED
GLOBAL SMEFT FIT
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ANALYSIS FRAMEWORK

» Focus on leading dimension-6 operators

Cf,i
LsverT O Lsn + E PQ?
— 13

» Work to linear order in Wilson coefficients

» Impose U(3)> flavor symmetry for fermionic operators

» Use apm, Gr, Mz, as input parameters
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EFT DETAILS

» tth production probes many coefficients not otherwise
constrained by our dataset

Cua — Cuc +0.006C,w + 0.002C g — 0.130(52) + additional ¥* operators

» Include only C,; as it has the largest contribution
» Alternatively...
» one could regularize the fitasin 1710.02008

» add in top-quark measurements



Observable | Measurement | Ref. | SM Prediction | Ref.
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SMEFT PREDICTIONS

» pre-LHC

» Berthier, Bjorn, Trott 1606.06693; Brivio, Trott
1706.08945

» LHC

» SMEFTsim: Brivio, Jiang, Trott 1709.06492



EMSY 1803.03252

combined
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CORRELATION MATRIX
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o SG): Pull = 1.4.
0.46C ko — 0.04CHw +0.01CHE + 0.18C. g + 0.84C,,x + 0.21C,y
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SUMMARY

» SMEFT: model-independent way to search for heavy, new
physics

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

» Higgs measurements currently compete w/ EWPD



regularization w/ xk = 1,




Wi ~0.99¢cg + 0.09cgw + 0.09¢r — 0.08cy + 0.05¢cy B,

Wy ~ 0.67cgw — 0.56cy — 0.36¢cp + 0.33cyp — 0.02¢r,

W3 ~ 0.99¢cg — 0.13c; + 0.05¢cy + 0.03cygw + 0.02cygp — 0.01cy,

W4 ~ 0.67cw + 0.45cygw + 0.38¢cy — 0.38¢; 4 0.24cyp — 0.09¢,

W5 ~ 0.76¢; + 0.40cy — 0.32¢cy + 0.24cyw + 0.22¢1 + 0.20cy g + 0.06¢c — 0.02¢3,

We ~ 0.78cyx + 0.51c; — 0.32¢7 — 0.10cy + 0.08cg — 0.07cygp — 0.05cyw + 0.03¢c, + 0.03¢p,

Wy ~ 0.87cgp — 0.48cyw + 0.09¢cy + 0.09¢y — 0.06¢cyy — 0.03¢; + 0.01cy,

Ws ~ 0.91cy + 0.34cyg — 0.16cygp — 0.11cyy — 0.08cg — 0.03cyw + 0.03¢, + 0.01cg,

Wy ~ 0.97¢cy, + 0.24c; — 0.07¢, + 0.04c, — 0.03cy + 0.02¢w + 0.01cgw — 0.01¢, — 0.01cr,
Wio ~ 0.97c, — 0.24¢p + 0.05¢y,
W11 >~ 0.93¢, + 0.35¢ + 0.06¢, — 0.03c,

Wiz ~ 0.93c, — 0.35¢, — 0.07cp.




regularized

standard fits
Cy, Cqg

Cy, Cg, CHW, CHB







no extra parameters =

no shift in central values




F > Vi )
“OMEEL 0.5 40.4 (Run-1)
Lsarn

U'smerT.h

~ 0.9+ 0.3 (Run-1+Run-2)
Lsarn
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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
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standard, 10 pgdram. fit

1st order phase
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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

» ratios of GDPs normalization independent



Observable Observable

e [ | n [
e | om0 [ | o
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NSz TN SR




Cross-section region
99 — H (0-jet)
99 — H (1-jet, p < 60 GeV)
gg— H —Jct, 60 < pf < 120 GeV)
56c;, + 18¢3G + 11c26G
56c; + 52¢3G + 34c26G
2—J0t pi < 60 GeV) 56c;,
2-jet, 60 < pf <120 GeV) 56c;, + 8¢3G + 7c2G
2-jet, 120 < p§f < 200 GeV) | 56¢, + 23¢3G + 18c2G
2-jet, pi > 200 GCV) 56¢y + 90c3G + 68c2G
2-jet VBF-like, pf < 25 GeV) | 56¢;,
2-jet VBF-like, p} > 25 GeV) | 56c;, + 9c3G + 8c26G
qq — Hgqq (VBF-like, p7T’ < 25 GeV) —1.0cH — 1.0cT + 1.3cWW — 0.023¢B — 4.3cHW
—0.29¢HB + 0.092cHQ — 5.3cpHQ — 0.33cHu + 0.12cHd
qq — Hqq (VBF-like, p7T’ > 25 GeV) —1.0cH — 1.1cT + 1.2¢WW — 0.027¢B — 5.8cHW
—0.41cHB + 0.13cHQ — 6.9cpHQ — 0.45¢cHu + 0.15cHd
qq — Hqq (p). > 200 GeV) ~1.0cH — 0.95¢T + 1.5cWW — 0.025¢B — 3.6¢HW
—0.24cHB + 0.084cHQ — 4.5¢cpHQ — 0.25cHu + 0.1cHd
gq — Hqg (60 < mj; < 120 GeV) ~0.99¢cH — 1.2¢T + 7.8cWW — 0.19¢B — 31cHW
—2.4cHB + 0.9cHQ — 38cpHQ — 2.8cHu + 0.9cHd
qq — Hqq (rest) —1.0cH — 1.0cT + 1.4cWW — 0.028¢B — 6.2cHW
—0.42cHB + 0.14cHQ — 6.9cpHQ — 0.42cHu + 0.16cHd
—0.98cH + 2.9cu + 0.93¢G + 310cuG

g — ttH
99/49d +27¢3G — 13¢26G
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PROJECTIONS FOR HL- AND HE-LHC

» Study ongoing looking at LHC 13/14 TeV vs. 27 TeV

» https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
HLHELHCWorkshop

» “It's difficult to make predictions, especially about the
future” - Yogi Berra


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCWorkshop
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HLHELHCWorkshop
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PROJECTION STRATEGY

» For each LHC Run-2 measurement used in the fit of
1803.03252

» Set central value to SM prediction

» Scale all uncertainties for the ith measurement by...

\/ L’L < most measurements currently have L; ~ 36/fb
» HL-LHC.:

3/ab 013, Ly /

) HE-LHC: O97.4 15/ab

» Leave correlations unchanged



Individual

Current Bounds

HL-LHC projection 3/ab

- HE-LHC projection 15/ab




Marginalized

Current Bounds

-~ HL-LHC projection 3/ab

- HE-LHC projection 15/ab




Vi=11 Tev

1+ 2.0CH0 — 2.8CHDp + 15CHW — 5.3CHWSs — 7.0C\) + 35CS) + 3.2C4
1+ 2.0Cuo — 0.24Cup + 12Cxw + 1.7ChHB + 3.7CawB
~5.0C5) — 1.5CY) + 33CY) + 8.5Cx, — 3.1CHa + 2.5Cs
1+24Cq +1.9Cyo — 0.48CHp + 8.7Cxc — 2.4Cyy

~15Cuc — 0.49CY;) — 0.44CY;) — 0.48C, +0.49Cy + . ..



14+ 2.0Cyo — 0.24Cyxp + 14Cxw + 2.6Cyp + 5.2Cywn
Zh, pt > 250 GeV | 46 fb

~5.0C%) —[17C4) +2.1-102C}) + 55Cp, — 18Cha




