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ADLO 1994 LEP EWWG 2005

EWPO
&

SM FIT

Spontaneous breaking of SU(2)LÄU(1)Y via Higgs 
doublet vev & renormalizability imply:

1) tree-level relations in EW sector
2) calculable loop corrections

 EWPO are potentially very sensitive to the NP scale
ℒ = ℒSM + ℒ5/Λ + ℒ6/Λ2 + ...  

actual NP scale sensitivity depends on the
experimental precision and SM theoretical uncertainty
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EW fits
- choose the SM input parameters: G

F
, α, MZ, MH, mt, αs(MZ), Δαhad

(5)

- use latest experimental data and state-of-the-art computation of
  EWPO
- parametrize possible NP effects: modified couplings, additional loop 
  contributions, D=6 operators
- perform a fit to experimental data:

 ZFITTER (Akhundov, Arbuzov, S. & T. Riemann) – On-shell ren.,  
frequentist analysis

 GAPP (Erler) – MSbar ren., frequentist analysis
 Gfitter (Baak, Cúth, Haller, Hoecker, Kogler, Mönig, Schott, 

Stelzer)  – MSbar ren., frequentist analysis
 Our analysis, using the               public code – On-shell ren., 

Bayesian analysis
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webpage with docs & releases: http://hepfit.roma1.infn.it

developer repository: https://github.com/silvest/HEPfit

Open source, community-developed C++ code

https://github.com/silvest/HEPfit
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Result of the
global fit
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Parametric error budget for theoretical predictions  (no fit)
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Excellent agreement between full, direct and indirect 
determinations of input parameters
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Impact of mH, mt, MW, sin2θ & ΓZ
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Recent changes

minor effect on the 
results of the fit
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EWPO beyond the SM
Oblique corrections: NP in gauge 

boson vacuum polarizations 
S,T,U  or  de1,2,3,b
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Modified Zbb couplings
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Higgs physics: signal strenghts

hgg: ATLAS(1408.7084), CMS(1407.0558)
htt: ATLAS(1501.04943), CMS (1401.5041)
hZZ: ATLAS (1408.5191), CMS (1412.8662)
hWW: ATLAS (1412.2641, 1506.06641), CMS (1312.1129) 
hbb: ATLAS(1409.6212, 1503.05066), CMS (1310.3687, 1408.1682),

  CDF (1301.6668), D0 (1303.0823)
+ updates from Moriond ‘17 to be included

Experimental constraints:

Theoretical predictions:

● s's from LHC H cross section WG and BR's from Contino et al (14) 
● no theoretical uncertainties attached to s's and BR's
● SM efficiencies and K factors used

Bechtle et al.

an example: ATLAS hgg data card
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Higgs coupling analysis
In extensions of the SM for which:

– there is only one Higgs boson h below the 
cutoff 

– there is an approximate custodial symmetry
– corrections are flavour diagonal and universal 

Giudice et al.; Barbieri et al.; Contino et al.; Azatov et al.

• κV rescales the hVV couplings (=1 in SM)
 → oblique corrections:

• κf rescales the hff couplings (=1 in SM)
Barbieri et al., PRD 76 (2007) 115008

http://arxiv.org/abs/0706.0432
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EWPO constraints on κV and L

Implication for composite Higgs models (kv < 1):
additional contributions to oblique corrections are needed 

to comply with the EWPO constraints
Grojean et al.; Azatov et al.; Pich et al.

Λ > 13 TeV for κV < 1
   > 9 TeV for κV > 1

@95% prob.
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Fit to κV and κf 

Higgs data only

Higgs + EWPO
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Fit to κV and κf 

Higgs data only

Higgs + EWPO
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+ LHC Run 2 data
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Testing the assumptions
➢ Custodial symmetry (κV  → κW, κZ)

 

➢ Flavour universality
(κf  → κl, κu, κd)

Higgs + EWPO

Higgs

Higgs + EWPO

Higgs

Higgs
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SMEFT & the NP scale
Buchmuller & Wyler;
Grzadkowski et al;
Aguilar-Saavedra;
del Aguila et al;
Barbieri & Strumia;
del Aguila & de Blas;
Contino et al;
Alonso et al

SU(2)xU(1)-invariant EFT with dim-6
NP operators: 

 The full operator basis: 2499 operators
 Considering only flavour-diagonal and

family-universal contributions: 59 operators
 Including only CP-even terms with at least 

one Higgs field: 27 operators
 Contributing to the observables

EWPO + Higgs: 17 operators
EWPO: 10 operators
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Operator basis
Grzadkowski et al bosonic single-fermionic-current

single-fermionic-scalar
four-fermion

● corrections
  to Y's & hff● GF extraction from m decay

● corrections to hVV production & decays
● oblique corrections
● corrections to WWZ, WWg 

● corrections to hff
● corrections to Vff
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Constraints on L

NP scale for |Ci| = 1 in the multi-TeV region,
EWPO still more constraining than Higgs data
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courtesy of
J. de Blas
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Future Prospects: EWPO
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Freitas et al.,
1307.3962;
Freitas,
1406.6980,
1604.00406

P. Janot,
1512.05544

Future Prospects: Higgs & theory

δαs(MZ) = 2x10-4
 (LQCD), δΔα(5)

had = 5x10-5 (R)    [δα(MZ)=3x10-5
 (AFB

mm)]

http://arxiv.org/abs/1307.3962
http://arxiv.org/abs/1406.6980
http://arxiv.org/abs/1604.00406


Marco Ciuchini Page 25HEFT – 22 May 2017 – Lumley Castle – UK 

Future Prospects: NP analyses
EWPO only

dkv  → dkv / 10

L  → L x 4
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Future Prospects: Λ from EWPO & μi
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Conclusions & Outlook
EW fit is more important than ever: SM is complete,

EWPO and Higgs data are complementary.
Agreement with 2-loop SM  strong contraints on NP→

(L > ~10 TeV for |Ci|=1)

Future e+e- experimental programs would substantially 
improve the NP sensitivity of the fit: ≥ 10x reduction 
of the uncertainty on S,T,U, and the Higgs couplings, 
~4x improvement on the sensitivity to the NP scale

Reducing the parametric & theoretical uncertainties at 
the level required by future experiments is the 

challenge for the forthcoming years
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BACKUP SLIDES
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LEP EWWG; ZFITTER;
Chetyrkin et al; Baikov et al;

Czarnecki & Kühn;
Harlander et al; Bardin et al

EWPO:

on-shell
scheme

Pseudo-observables can be written in terms of Dr and effective Zff couplings
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The 7 SM Input Parameters
Gm=1.1663787 10-5 GeV-2, a=1/137.035999074 (PDG)

MZ = 91.1875 ± 0.0021 GeV (LEP)

mh=(125.09±0.24) GeV (ATLAS+CMS, 1503.07589)

as(MZ
2)=0.1185±0.0005 (PDG excluding EWPO)

Da5
had(Mz

2) = 0.02750±0.00033 (Burkhardt & Pietrzyk; 
    see also Davier et al, Hagiwara et al, Jegerlehner)

mt = 173.34 ± 0.76 GeV (TeVatron+LHC, 1403.4427)
newer results from ATLAS (mt = 172.99 ± 0.91 GeV), CMS (mt = 172.38 ± 
0.66 GeV) & TeVatron (mt = 174.34 ± 0.63 GeV) have not been included yet
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1. oblique NP: S, T, U
Assume that the dominant NP contributions come through
the gauge boson self-energies

see also Gfitter, Erler, ...
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Constraints on de1,2,3,b

Altarelli et al., 91, 92, 93
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2. constraints on dgV
b, dgA

b (dgR
b, dgL

b)
longstanding pull in AFB

0,b may be due to a non-standard Zbb vertex
Bamert et al. ; Haber&Logan; Choudhury et al. ; Kumar et al. ; Batell, Gori & Wang; …
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mt & SM Vacuum Stability
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Higgs Couplings Analysis



Marco Ciuchini Page 40HEFT – 22 May 2017 – Lumley Castle – UK 



Marco Ciuchini Page 41HEFT – 22 May 2017 – Lumley Castle – UK 

NP scale for |Ci| = 1 in the multi-TeV region,
EWPO more constraining than Higgs data at present

Constraints on Ci /L2 and L
Switching on one operator at a time:
bounds on c/Λ2  [TeV-2] @95% prob.

lower bounds on Λ [TeV]  @95% prob.
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“Correlated” NP contributions



Marco Ciuchini Page 43HEFT – 22 May 2017 – Lumley Castle – UK 



Marco Ciuchini Page 44HEFT – 22 May 2017 – Lumley Castle – UK 


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44

