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Motivation of the study

• EFT sensitivity reach of Vector Boson Scattering to dim6 SMEFT 
operators


• LHC moving towards global EFT combination  What’s the expected 
interplay of VBS and WW in constraining dim6 SMEFT Wilson 
Coefficients?


• Effects of including EFT in QCD induced backgrounds


• Study optimal kinematic variables for each operator / channel 


• Perform profiled fits

→

2
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SMEFT and MC Generations

Two complementary approaches employed: 

• Generate single components,   ∀ processes  

• Generate events once, LO MG re-weight to different Wilson coeff. Algebra to extract components.

cα = 1 + n(n + 3)/2 = 119 + 1 (SM)
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• 14 dim-6 SMEFT operators with various field content from Warsaw basis [arXiv:1008.4884v3].  
• Generated at LO with SMEFTsim [arXiv: 2012.11343] + MadGraph5_aMC@NLO (2.6.5). 
• Insertion of one operator per diagram in production/decay. 

• U(3)5 flavour symmetry, { } input scheme, CP-even, Λ = 1 TeV. mW, mZ, GF
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Processes considered

4

Processes of interest - EFT sensitivity
� VBS Channels: � fully leptonic � semi leptonic final state. One diboson WW channel.
Di�erent flavour category for all channels! highest sensitivity.
LHC-like selections performed (slides ��,��,��). Full �! �(�) VBS (diboson) processes
including non-resonant diagrams.
proc / op QHD QH⇤ QHWB Q(�)

Hq Q(�)
Hq QHW QW Q(�)

Hl Q(�)
Hl Q(�)

ll Q(�)
qq Q(�,�)

qq Q(�,�)
qq Q(�)

qq Qll

SSWW-EW 3 3 3 3 3 3 3 (3) 3 3 3 3 3 3 (3)

OSWW-EW 3 3 3 3 3 3 3 (3) 3 3 3 3 3 3 (3)

WZ-EW 3 3 3 3 3 3 3 3 3 3 3 3 3 3 (3)

ZZ-EW 3 3 3 3 3 3 3 3 3 3 3 3 3 3 (3)

ZV-EW 3 3 3 3 3 3 3 3 3 3 3 3 3 3

WW 3 3 3 3 3 (3) 3 3

ZV-QCD 3 3 3 3 3 3 3 3

OSWW-QCD 3 3 3 3 3 3 3 3

WZ-QCD 3 3 3 3 3 3 3 3 (3)

ZZ-QCD 3 3 3 3 3 3 3 (3)

I EW VBS phenomenology richer than diboson
G. Boldrini, ��/��/����, ICHEP���� �

• 5 VBS Channels: 4 fully leptonic 1 semi leptonic final state.  
• One diboson WW channel.  
• Different flavour category for all channels → highest sensitivity. 
• LHC-like selections performed 
• Full 2 → 6(4) VBS (diboson) processes including non-resonant diagrams.  
• EW VBS phenomenology richer than diboson 
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Shape analysis
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• n = N(�) ! assume SM

• Only one nuisance: correlated �� between all yields, samples, and bins (proxy LHC lumi). Flat
prior
• under SM, sensitivity estimated as ��� logL < � (�.��) and ��� logL < �.�� (�.��) for �(�) W.C.
G. Boldrini, ��/��/����, ICHEP���� �

L = ∏
bin=k

Pois(nk |Nk(c)) ×
Nuisances

∏
syst=j
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cα ⋅ Linα + c2
α ⋅ Quadα + ∑

α, β

cαcβMixαβ

assume SMn = N(0) →

• Only one nuisance: correlated 2% between all yields, samples, and bins (proxy LHC 
lumi). Flat prior 

• under SM, sensitivity estimated as −2∆ log L < 1 (2.30) and −2∆ log L < 3.84 (5.99) for 
1(2) W.C.  
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Study strategy

• Parametrize EFT dependence on  for observables of 
interest 

• Fit each variable for each operator 
• Rank variables based on 1σ range (1σ area in 2D).  
• For every operator extract best variable for combination

ci
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Single constraints and Best variables
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Figure 2. Profiles of −2∆ logL reported for the individual channels (colored lines) and their
combination (solid black line, excluding ZV+2j) as a function of the Wilson coefficients. Horizontal
dashed lines mark the 68% and 95% confidence levels respectively, taken at −2∆ logL = 1 and
−2∆ logL = 3.84. For each coefficient, the likelihood was built taking, for each channel, the
distribution in the most constraining variable at 68% c.l. (see table 5). Only the shown Wilson
coefficient is varied at each time, and the others are set to 0. The sensitivity estimate for the
OSWW+2j, WZ+2j, ZZ+2j and ZV+2j channels includes contributions from the respective QCD
induced processes.
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Figure 2. Profiles of −2∆ logL reported for the individual channels (colored lines) and their
combination (solid black line, excluding ZV+2j) as a function of the Wilson coefficients. Horizontal
dashed lines mark the 68% and 95% confidence levels respectively, taken at −2∆ logL = 1 and
−2∆ logL = 3.84. For each coefficient, the likelihood was built taking, for each channel, the
distribution in the most constraining variable at 68% c.l. (see table 5). Only the shown Wilson
coefficient is varied at each time, and the others are set to 0. The sensitivity estimate for the
OSWW+2j, WZ+2j, ZZ+2j and ZV+2j channels includes contributions from the respective QCD
induced processes.
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Figure 2. Profiles of −2∆ logL reported for the individual channels (colored lines) and their
combination (solid black line, excluding ZV+2j) as a function of the Wilson coefficients. Horizontal
dashed lines mark the 68% and 95% confidence levels respectively, taken at −2∆ logL = 1 and
−2∆ logL = 3.84. For each coefficient, the likelihood was built taking, for each channel, the
distribution in the most constraining variable at 68% c.l. (see table 5). Only the shown Wilson
coefficient is varied at each time, and the others are set to 0. The sensitivity estimate for the
OSWW+2j, WZ+2j, ZZ+2j and ZV+2j channels includes contributions from the respective QCD
induced processes.
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• Compare extracted one dimensional limits for each process using best variable 

• Profiles of  reported for individual channels and their combination (excluding 
ZV+2j ) 

• Likelihood was built using the most constraining variable for each process 
• OSWW+2j, WZ+2j, ZZ+2j and ZV+2j channels include contributions from the QCD 

induced processes

−2Δ log L
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Individual constraints

8

Individual constraints - VBS�WW Combination
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[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]
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[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.
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(1)
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[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]
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[-3.21(-7.22),2.67(8.70)] [-4.75(-12.82),4.08(18.48)]
[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]

[-4.06(-5.45),2.79(6.81)] [-5.64(-9.34),4.32(14.61)]
[-3.47(-6.23),2.88(6.72)] [-4.82(-11.73),4.23(13.64)]
[-5.42(-5.87),9.08(5.45)] [-9.32(-11.90),16.71(10.28)]
[-1.74(-1.89),1.99(1.79)] [-3.26(-3.79),4.40(3.42)]
[-3.07(-3.30),3.56(3.25)] [-5.73(-6.52),7.80(6.32)]
[-1.49(-1.50),1.43(1.46)] [-2.71(-2.97),2.58(2.82)]

[-6.07(-1.20),1.15(1.38)] [-7.01(-2.20),2.08(2.88)]
[-2.75(-1.61),1.32(1.72)] [-4.08(-3.06),2.18(3.47)]
[-5.26(-5.94),6.60(5.54)] [-9.71(-12.01),19.33(10.50)]
[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]
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[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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0 1 2 3 4 5 66− 5− 4− 3− 2− 1− 0

Linear 68% C.L. Linear 95% C.L.

Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.

(3)
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(3,1)
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(1,1)
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(1)
qqc

Wc

[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]
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[-3.21(-7.22),2.67(8.70)] [-4.75(-12.82),4.08(18.48)]
[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]

[-4.06(-5.45),2.79(6.81)] [-5.64(-9.34),4.32(14.61)]
[-3.47(-6.23),2.88(6.72)] [-4.82(-11.73),4.23(13.64)]
[-5.42(-5.87),9.08(5.45)] [-9.32(-11.90),16.71(10.28)]
[-1.74(-1.89),1.99(1.79)] [-3.26(-3.79),4.40(3.42)]
[-3.07(-3.30),3.56(3.25)] [-5.73(-6.52),7.80(6.32)]
[-1.49(-1.50),1.43(1.46)] [-2.71(-2.97),2.58(2.82)]

[-6.07(-1.20),1.15(1.38)] [-7.01(-2.20),2.08(2.88)]
[-2.75(-1.61),1.32(1.72)] [-4.08(-3.06),2.18(3.47)]
[-5.26(-5.94),6.60(5.54)] [-9.71(-12.01),19.33(10.50)]
[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]
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[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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I Most stringent constraints from VBS to �-fermion ops, agrees with previous studies
[arXiv:����.�����]

I Strong impact of fits including O(⇤��) terms for �
� operators. For the remaining, no

di�erence observed.
I Among VBS, SSWW, OSWW > WZ, ZZ due to higher x-sec

I Q(�)
Hl , QHW , QH⇤, QHD only constrained by VBS.

I Q(�)
Hl mostly constrained by VBS WZ/ZZ

G. Boldrini, ��/��/����, ICHEP���� �

Individual constraints - VBS�WW Combination
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[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]
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I Most stringent constraints from VBS to �-fermion ops, agrees with previous studies
[arXiv:����.�����]

I Strong impact of fits including O(⇤��) terms for �
� operators. For the remaining, no

di�erence observed.
I Among VBS, SSWW, OSWW > WZ, ZZ due to higher x-sec

I Q(�)
Hl , QHW , QH⇤, QHD only constrained by VBS.

I Q(�)
Hl mostly constrained by VBS WZ/ZZ

G. Boldrini, ��/��/����, ICHEP���� �

Individual constraints - VBS�WW Combination
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I Most stringent constraints from VBS to �-fermion ops, agrees with previous studies
[arXiv:����.�����]

I Strong impact of fits including O(⇤��) terms for �
� operators. For the remaining, no

di�erence observed.
I Among VBS, SSWW, OSWW > WZ, ZZ due to higher x-sec

I Q(�)
Hl , QHW , QH⇤, QHD only constrained by VBS.

I Q(�)
Hl mostly constrained by VBS WZ/ZZ

G. Boldrini, ��/��/����, ICHEP���� �

Individual constraints - VBS�WW Combination
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0 2 4 6 8 10 1212− 10− 8− 6− 4− 2− 0

(3)
Hlc

(3)
Hqc

(1)
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(1)
Hlc

HWc

[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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0 1 2 3 4 5 66− 5− 4− 3− 2− 1− 0

Linear 68% C.L. Linear 95% C.L.

Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.

(3)
qqc

(3,1)
qqc

(1,1)
qqc

(1)
qqc

Wc

[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]
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]-2Parameter Estimate [TeV

68% L+Q (L) 95% L+Q (L)

0 20 40 60 8080− 60− 40− 20− 0

(1)
Hqc
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Hboxc

[-3.21(-7.22),2.67(8.70)] [-4.75(-12.82),4.08(18.48)]
[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]

[-4.06(-5.45),2.79(6.81)] [-5.64(-9.34),4.32(14.61)]
[-3.47(-6.23),2.88(6.72)] [-4.82(-11.73),4.23(13.64)]
[-5.42(-5.87),9.08(5.45)] [-9.32(-11.90),16.71(10.28)]
[-1.74(-1.89),1.99(1.79)] [-3.26(-3.79),4.40(3.42)]
[-3.07(-3.30),3.56(3.25)] [-5.73(-6.52),7.80(6.32)]
[-1.49(-1.50),1.43(1.46)] [-2.71(-2.97),2.58(2.82)]

[-6.07(-1.20),1.15(1.38)] [-7.01(-2.20),2.08(2.88)]
[-2.75(-1.61),1.32(1.72)] [-4.08(-3.06),2.18(3.47)]
[-5.26(-5.94),6.60(5.54)] [-9.71(-12.01),19.33(10.50)]
[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]
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(3)
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(3)
Hqc

(1)
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(1)
Hlc

HWc

[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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 0.5×Combined 

0 1 2 3 4 5 66− 5− 4− 3− 2− 1− 0

Linear 68% C.L. Linear 95% C.L.

Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.

(3)
qqc

(3,1)
qqc

(1,1)
qqc

(1)
qqc

Wc

[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]
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   (13 TeV)-1=1 TeV   100 fbΛ

]-2Parameter Estimate [TeV

68% L+Q (L) 95% L+Q (L)

0 20 40 60 8080− 60− 40− 20− 0

(1)
Hqc

HDc

HWBc

Hboxc

[-3.21(-7.22),2.67(8.70)] [-4.75(-12.82),4.08(18.48)]
[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]

[-4.06(-5.45),2.79(6.81)] [-5.64(-9.34),4.32(14.61)]
[-3.47(-6.23),2.88(6.72)] [-4.82(-11.73),4.23(13.64)]
[-5.42(-5.87),9.08(5.45)] [-9.32(-11.90),16.71(10.28)]
[-1.74(-1.89),1.99(1.79)] [-3.26(-3.79),4.40(3.42)]
[-3.07(-3.30),3.56(3.25)] [-5.73(-6.52),7.80(6.32)]
[-1.49(-1.50),1.43(1.46)] [-2.71(-2.97),2.58(2.82)]

[-6.07(-1.20),1.15(1.38)] [-7.01(-2.20),2.08(2.88)]
[-2.75(-1.61),1.32(1.72)] [-4.08(-3.06),2.18(3.47)]
[-5.26(-5.94),6.60(5.54)] [-9.71(-12.01),19.33(10.50)]
[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]

ZZ
WZ
SSWW
OSWW
WW
Combined

ZZ
WZ
SSWW

 0.5×OSWW 
WW
Combined

ZZ
WZ
SSWW
OSWW
WW
Combined

 0.5×ZZ 
 0.5×WZ 

SSWW
OSWW
Combined

0 2 4 6 8 10 1212− 10− 8− 6− 4− 2− 0

(3)
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(3)
Hqc

(1)
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(1)
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HWc

[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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0 1 2 3 4 5 66− 5− 4− 3− 2− 1− 0

Linear 68% C.L. Linear 95% C.L.

Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.

(3)
qqc

(3,1)
qqc

(1,1)
qqc

(1)
qqc

Wc

[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
WW
Combined

   (13 TeV)-1=1 TeV   100 fbΛ

]-2Parameter Estimate [TeV

68% L+Q (L) 95% L+Q (L)

0 20 40 60 8080− 60− 40− 20− 0

(1)
Hqc

HDc

HWBc

Hboxc

[-3.21(-7.22),2.67(8.70)] [-4.75(-12.82),4.08(18.48)]
[-2.00(-8.96),1.98(9.30)] [-2.94(-17.14),2.91(18.39)]
[-1.28(-10.48),1.18(11.51)] [-1.88(-19.45),1.78(23.45)]
[-0.56(-5.55),0.55(5.34)] [-0.80(-11.09),0.79(10.27)]
[-0.14(-0.30),0.10(0.31)] [-0.19(-0.57),0.15(0.62)]
[-0.14(-0.29),0.10(0.31)] [-0.19(-0.56),0.15(0.61)]

[-4.06(-5.45),2.79(6.81)] [-5.64(-9.34),4.32(14.61)]
[-3.47(-6.23),2.88(6.72)] [-4.82(-11.73),4.23(13.64)]
[-5.42(-5.87),9.08(5.45)] [-9.32(-11.90),16.71(10.28)]
[-1.74(-1.89),1.99(1.79)] [-3.26(-3.79),4.40(3.42)]
[-3.07(-3.30),3.56(3.25)] [-5.73(-6.52),7.80(6.32)]
[-1.49(-1.50),1.43(1.46)] [-2.71(-2.97),2.58(2.82)]

[-6.07(-1.20),1.15(1.38)] [-7.01(-2.20),2.08(2.88)]
[-2.75(-1.61),1.32(1.72)] [-4.08(-3.06),2.18(3.47)]
[-5.26(-5.94),6.60(5.54)] [-9.71(-12.01),19.33(10.50)]
[-1.95(-1.60),3.04(1.51)] [-3.12(-3.22),4.46(2.88)]
[-1.47(-10.13),1.50(10.09)] [-2.10(-19.90),2.12(19.72)]
[-0.97(-0.80),0.82(0.83)] [-1.69(-1.53),1.40(1.64)]

[-10.98(>100),12.08(>100)] [-16.82(>100),17.97(>100)]
[-11.40(>100),11.81(>100)] [-17.20(>100),17.66(>100)]
[-5.41(-13.55),6.64(12.37)] [-8.18(-27.68),9.53(23.15)]
[-1.09(-1.01),0.99(1.04)] [-2.27(-1.96),1.86(2.07)]
[-1.07(-1.00),0.97(1.03)] [-2.21(-1.94),1.85(2.04)]

ZZ
WZ
SSWW
OSWW
WW
Combined

ZZ
WZ
SSWW

 0.5×OSWW 
WW
Combined

ZZ
WZ
SSWW
OSWW
WW
Combined

 0.5×ZZ 
 0.5×WZ 

SSWW
OSWW
Combined

0 2 4 6 8 10 1212− 10− 8− 6− 4− 2− 0

(3)
Hlc

(3)
Hqc

(1)
llc

(1)
Hlc

HWc

[-0.60(-0.64),0.60(0.56)] [-1.19(-1.35),1.17(1.01)]
[-0.29(-0.30),0.29(0.28)] [-0.57(-0.60),0.56(0.53)]
[-0.15(-0.16),0.15(0.15)] [-0.30(-0.31),0.29(0.28)]
[-0.13(-0.13),0.13(0.13)] [-0.25(-0.26),0.25(0.24)]
[-0.09(-0.09),0.09(0.08)] [-0.17(-0.17),0.17(0.16)]
[-0.08(-0.08),0.08(0.08)] [-0.15(-0.16),0.15(0.15)]

[-0.65(-0.56),0.57(0.65)] [-1.31(-1.02),1.05(1.35)]
[-0.35(-0.31),0.29(0.33)] [-0.72(-0.58),0.52(0.66)]
[-0.22(-0.21),0.21(0.22)] [-0.44(-0.39),0.39(0.44)]
[-0.22(-0.21),0.20(0.21)] [-0.44(-0.41),0.36(0.43)]
[-0.05(-0.05),0.05(0.05)] [-0.11(-0.09),0.09(0.10)]
[-0.05(-0.04),0.04(0.04)] [-0.10(-0.09),0.08(0.09)]

[-0.68(-0.64),0.70(0.74)] [-1.31(-1.18),1.39(1.54)]
[-0.32(-0.31),0.32(0.33)] [-0.62(-0.59),0.64(0.67)]
[-0.20(-0.20),0.20(0.21)] [-0.39(-0.38),0.40(0.42)]
[-0.15(-0.15),0.15(0.16)] [-0.30(-0.30),0.30(0.31)]
[-0.08(-0.08),0.09(0.09)] [-0.16(-0.16),0.17(0.17)]
[-0.08(-0.08),0.08(0.08)] [-0.16(-0.15),0.16(0.16)]

[-0.79(-0.74),0.79(0.84)] [-1.57(-1.35),1.55(1.76)]
[-0.69(-0.66),0.68(0.71)] [-1.37(-1.26),1.33(1.43)]
[-13.73(>100),13.61(>100)] [-20.23(>100),20.09(>100)]
[-18.95(>100),18.61(>100)] [-26.96(>100),26.61(>100)]
[-10.47(-30.20),11.66(30.45)] [-15.07(-58.93),16.24(59.89)]
[-0.51(-0.49),0.51(0.53)] [-1.01(-0.94),0.99(1.06)]

[-1.92(-9.86),1.83(11.83)] [-3.01(-17.51),2.89(30.00)]
[-3.30(-23.89),3.11(25.42)] [-5.10(-35.98),4.85(35.98)]
[-2.07(-3.69),1.76(3.88)] [-3.09(-7.03),2.70(7.80)]
[-0.99(-1.40),1.09(1.41)] [-1.47(-2.73),1.59(2.77)]
[-0.93(-1.30),0.99(1.32)] [-1.38(-2.54),1.46(2.59)]
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Combined
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Combined

ZZ
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SSWW
OSWW
WW
Combined

ZZ
WZ

 0.1×SSWW 
 0.1×OSWW 

 0.1×WW 
Combined

 0.1×ZZ 
 0.1×WZ 

 0.5×SSWW 
 0.5×OSWW 

 0.5×Combined 

0 1 2 3 4 5 66− 5− 4− 3− 2− 1− 0

Linear 68% C.L. Linear 95% C.L.

Linear+Quadratic 68% C.L.  Linear+Quadratic 95% C.L.

(3)
qqc

(3,1)
qqc

(1,1)
qqc

(1)
qqc

Wc

[-0.20(-0.43),0.47(0.35)] [-0.35(-0.91),0.65(0.62)]
[-0.12(-0.29),0.35(0.26)] [-0.21(-0.59),0.45(0.48)]
[-0.04(-0.07),0.04(0.07)] [-0.07(-0.14),0.12(0.13)]
[-0.05(-0.11),0.09(0.10)] [-0.09(-0.21),0.30(0.20)]
[-0.03(-0.04),0.04(0.04)] [-0.06(-0.08),0.09(0.06)]

[-0.22(-0.52),0.43(0.41)] [-0.38(-1.12),0.60(0.70)]
[-0.13(-0.33),0.32(0.29)] [-0.23(-0.68),0.42(0.54)]
[-0.04(-0.09),0.06(0.08)] [-0.08(-0.17),0.26(0.16)]
[-0.06(-0.12),0.22(0.11)] [-0.10(-0.23),0.28(0.21)]
[-0.04(-0.05),0.05(0.04)] [-0.07(-0.10),0.23(0.07)]

[-0.51(-1.59),0.73(0.99)] [-0.83(-3.66),1.07(1.42)]
[-0.33(-1.09),0.48(0.83)] [-0.53(-2.38),0.67(1.39)]
[-0.15(-0.28),0.28(0.27)] [-0.24(-0.56),0.38(0.51)]
[-0.17(-0.46),0.32(0.43)] [-0.27(-0.94),0.42(0.82)]
[-0.12(-0.23),0.25(0.20)] [-0.20(-0.46),0.34(0.38)]

[-0.52(-2.01),0.69(1.24)] [-0.84(-4.63),1.02(1.77)]
[-0.33(-1.22),0.45(0.93)] [-0.52(-2.39),0.65(1.54)]
[-0.15(-0.33),0.27(0.29)] [-0.24(-0.68),0.37(0.53)]
[-0.18(-0.52),0.30(0.48)] [-0.28(-1.06),0.40(0.91)]
[-0.12(-0.26),0.24(0.23)] [-0.20(-0.53),0.32(0.43)]

[-0.57(-2.26),0.57(2.31)] [-0.89(-4.14),0.89(4.32)]
[-0.33(-0.99),0.29(1.09)] [-0.51(-1.84),0.45(2.40)]
[-0.20(-0.31),0.20(0.32)] [-0.30(-0.60),0.30(0.62)]
[-0.25(-0.56),0.22(0.57)] [-0.35(-1.08),0.32(1.13)]
[-0.06(-0.46),0.07(0.44)] [-0.09(-0.91),0.09(0.86)]
[-0.06(-0.30),0.07(0.30)] [-0.09(-0.59),0.09(0.59)]

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
Combined

ZZ
WZ
SSWW
OSWW
WW
Combined

   (13 TeV)-1=1 TeV   100 fbΛ

]-2Parameter Estimate [TeV

68% L+Q (L) 95% L+Q (L)

I Most stringent constraints from VBS to �-fermion ops, agrees with previous studies
[arXiv:����.�����]

I Strong impact of fits including O(⇤��) terms for �
� operators. For the remaining, no

di�erence observed.
I Among VBS, SSWW, OSWW > WZ, ZZ due to higher x-sec

I Q(�)
Hl , QHW , QH⇤, QHD only constrained by VBS.

I Q(�)
Hl mostly constrained by VBS WZ/ZZ

G. Boldrini, ��/��/����, ICHEP���� �

• Most stringent constraints from VBS to 4-fermion ops, agrees with previous studies 

• Strong impact of fits including  terms for 1 / 2 operators. For the remaining, no 
difference observed 

• Among VBS, SSWW, OSWW > WZ, ZZ due to higher cross-section 

•  only constrained by VBS 

•  mostly constrained by VBS WZ/ZZ

O(Λ−4)

Q(1)
Hl , QHW, QH□, QHD

Q(1)
Hl
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Impact of QCD EFT dependence

Including the background QCD 
dependence never weakens the 
sensitivity reach of all analyses.
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Impact of QCD EFT dependence
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including the background QCD dependence never weakens the sensitivity reach of all analyses.
G. Boldrini, ��/��/����, ICHEP���� ��

N(EWK + QCD) ∝ SMEWK + SMQCD +
cα

Λ2
(LinEWK + LinQCD) +

c2
α

Λ4
(QuadEWK + QuadQCD)

N(EWK) ∝ SMEWK +
cα

Λ2
LinEWK +

c2
α

Λ4
QuadEWK
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Profiled constraints

10

Profiled constraints - VBS�WW Combination

0 5 1010− 5− 0

[-0.089 , 0.097]Wc [-0.087 , 0.093]Wc
[-0.060 , 0.141](3)

qqc [-0.059 , 0.085](3)
qqc

[-0.172 , 0.171](1)
Hqc [-0.191 , 0.148](1)
Hqc

[-0.084 , 0.265](3,1)
qqc [-0.066 , 0.230](3,1)
qqc

[-0.352 , 0.100](3)
Hqc [-0.097 , 0.080](3)
Hqc

[-0.286 , 0.333](1)
qqc [-0.200 , 0.321](1)
qqc

[-0.982 , 0.865](1,1)
qqc [-0.195 , 0.336](1,1)
qqc

[-2.114 , 1.742](1)
llc [-0.156 , 0.160](1)
llc

[-2.040 , 2.147]HWBc [-1.694 , 1.403]HWBc
[-2.382 , 2.312]HWc [-1.384 , 1.464]HWc
[-2.021 , 3.168](3)

Hlc [-0.155 , 0.152](3)
Hlc

[-4.543 , 3.157](1)
Hlc [-1.012 , 0.994](1)
Hlc

[-6.172 , 4.400]HDc [-2.712 , 2.576]HDc
[-9.775 , 10.012]Hboxc [-2.209 , 1.847]Hboxc

Profiled
VBS+WW Combination

 = 1 TeVΛ95% C.L., 13 TeV, 

Parameter estimate

95% Profiled 95% Individual

Profiled Individual

SM

Global fit guarantees
SMEFT model and basis
independence. VBS �WW
profiled constraints
including all ⇤�� terms.

• All parameters free to float in likelihood maximisation
• Individual limits on operators obtained by profiling uninteresting W.C ( free to float in
the fit )
• Profiled⇠ �� ��⇥ Individual

G. Boldrini, ��/��/����, ICHEP���� ��

Global fit guarantees SMEFT model and 
basis independence. VBS + WW profiled 
constraints including all  terms. 
• All parameters free to float in likelihood 

maximization 
• Individual limits on operators obtained by 

profiling uninteresting W.C ( free to float 
in the fit ) 

• Profiled ∼ 1 − 20 × Individual 

Λ−4
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Bidimensional constraints

Complementarity of VBS and diboson measurements:  

•  operators only constrained by VBS  

• ,  operators only constrained  by VBS  

• Degeneracy on ,  resolved by VBS ZZ/WZ 

• Flat directions resolved thanks to combination. 

Qqq

QH□ QHW

Q(1)
ll Q(3)

Hl

11

�D constraints - VBS�WW Combination

Complementarity of VBS and diboson
measurements:

I Qqq operators only constrained by VBS
I QH⇤, QHW operators only constrained

by VBS
I Degeneracy on Q(�)

Hl resolved by VBS
ZZ/WZ

I Flat directions resolved thanks to
combination.
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Impact of O(⇤��) terms non negligible! Lifting flat directions:
• Distorts the linear elliptic c.l. in a non-trivial way
• Linear-only sometimes better (di�erently from �D): Mixed interference between dim-�
amplitudes can mitigate deviations
G. Boldrini, ��/��/����, ICHEP���� ��
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Projection of expected constraints 

• Projection of individual constraints 
to future LHC phases Integrated 
luminosities: LHC Run II ∼ 100fb−1, 
LHC Run III > 300fb−1, HL-LHC ∼ 3 
ab−1. No scaling of the nuisance 
constraint involved.  

• At the HL-LHC, the VBS-only 
combination is expected to constrain 
all operators to less than [-1,1], 
including diboson lowers the range to 
[-0.5,0.5]. Roughly a factor ∼ 5 
improvement expected from LHC Run 
II to HL-LHC.

12

Expected constraints at future colliders

0 1 2 3 44− 3− 2− 1− 0

(3)
qqQ [-0.06,0.09] -(3)
qqQ [-0.04,0.04] -(3)
qqQ [-0.01,0.01] -

(3,1)
qqQ [-0.07,0.23] -(3,1)
qqQ [-0.04,0.06] -(3,1)
qqQ [-0.01,0.01] -

(3)
HlQ [-0.20,0.20] [-0.15,0.15](3)
HlQ [-0.15,0.15] [-0.13,0.13](3)
HlQ [-0.07,0.07] [-0.07,0.06]
WQ [-0.26,0.24] [-0.09,0.09]WQ [-0.19,0.18] [-0.07,0.07]WQ [-0.10,0.10] [-0.03,0.04]

(1)
llQ [-0.25,0.25] [-0.16,0.16](1)
llQ [-0.19,0.19] [-0.14,0.14](1)
llQ [-0.09,0.10] [-0.07,0.07]

(1)
qqQ [-0.20,0.32] -(1)
qqQ [-0.14,0.25] -(1)
qqQ [-0.06,0.16] -

(1,1)
qqQ [-0.20,0.34] -(1,1)
qqQ [-0.13,0.27] -(1,1)
qqQ [-0.06,0.16] -

(3)
HqQ [-0.30,0.27] [-0.10,0.08](3)
HqQ [-0.19,0.18] [-0.06,0.05](3)
HqQ [-0.07,0.07] [-0.02,0.02]
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HqQ [-0.79,0.78] [-0.19,0.15](1)
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HWBQ [-2.41,1.54] [-1.69,1.40]HWBQ [-1.34,0.96] [-1.09,0.91]HWBQ [-0.37,0.33] [-0.35,0.33]
HboxQ [-2.21,1.85] -HboxQ [-1.27,1.15] -HboxQ [-0.40,0.39] -
HDQ [-2.98,2.71] [-2.71,2.58]HDQ [-1.98,1.74] [-1.69,1.61]HDQ [-0.67,0.62] [-0.56,0.54]

Projection
 = 1 TeVΛ95% C.L., 13 TeV, 

]-2Parameter estimate [TeV

 ]-1VBS-only [ fb
L=100 L=300
L=3000 SM

 ]-1VBS+WW [ fb
L=100 L=300
L=3000

-0.2 0.2

VBS-only VBS+WW
-1100 fb -1300 fb -13 ab -1100 fb -1300 fb -13 ab

Projection of individual
constraints to future LHC
phases Integrated
luminosities: LHC Run II ⇠
���fb��, LHC Run III >
���fb��, HL-LHC ⇠ � ab��.
No scaling of the nuisance
constraint involved.

At the HL-LHC, the VBS-only combination is expected to constrain all operators to less
than [-�,�], including diboson lowers the range to [-�.�,�.�]. Roughly a factor ⇠ �
improvement expected from LHC Run II to HL-LHC.
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Summary and outlook

In this work we presented a comprehensive study at parton level of EFT dimension-6 
effects on VBS and diboson W+W−  
•  Including EFT quadratic terms of order O(Λ−4) has significant impact on the sensitivity  
•  O(Λ−4) terms help in reducing flat directions  

•  EFT dependence of the QCD induced sample (  ) never weakens the sensitivity  

•  Addressed sensitivity reach of ZV+2j (semileptonic) for the first time  
•  Shown orthogonality of VBS and diboson measurements in more dimensions 

α2
s α4

EW

13
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Individual constraints - VBS semi-leptonic  

• Lack of Z+jets background (dominant in ZV semi-
leptonic) → not included in the combination. 

• Constraints competitive with diboson W+W− and 
slightly better than any other VBS channel considered, 
especially for  

• Impact of O(Λ−4) less prominent w.r.t. other channels.

α4
s α2

EW

Q(1)
Hl

15

Individual constraints - VBS semi-leptonic

• Lack of Z�jets background ↵�s↵
�
EW (dominant in ZV semi-leptonic)! not included in

the combination.
• Constraints competitive with diboson W+W� and slightly better than any other VBS
channel considered, especially for Q(�)

Hl .
• Impact of O(⇤��) less prominent w.r.t. other channels.
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Individual constraints - Best variables 

• Observables ranking by using 
only linear (L) or linear and 
quadratic (L+Q)

16

Individual contraints - Best variables

Op.
SSWW��j OSWW��j WZ��j ZZ��j ZV��j WW

L L�Q L L�Q L L�Q L L�Q L L�Q L L�Q

c(�)Hl - mll - MET mee
† mWZ pT,e�µ�† pT,e�µ�† pVT,j� pVT,j� pT,l� MET

c(�)Hq pT,j� pT,j� mjj mll mjj pT,j� mjj pT,j� mVBS
jj mVBS

jj MET MET

c(�)Hq ��jj ��jj mll mll ��jj
† pT,l� ��jj

† pT,l� pVBST,j� pVBST,j� pT,l� pT,l�

c(�)qq mll
† pT,j� mjj pT,j� mjj pT,j� mjj pT,j� pT,l�† ��VBSjj - -

c(�,�)qq ��jj pT,j� mjj pT,j� mjj pT,j� mjj pT,j� �⌘Vjj
† ��VBSjj - -

c(�,�)qq ��jj pT,j� pT,j� pT,j� pT,j� pT,j� pT,j� pT,j� ��VBSjj pVBST,j� - -

c(�)qq pT,j� pT,j� pT,j� pT,j� pT,j� pT,j� pT,j� pT,j� ��VBSjj pVBST,j� - -

c(�)Hl �⌘jj
† �⌘jj

†mjj
† mjj

† mjj
† mjj mjj

† mjj
† �⌘Vjj �⌘Vjj mll

† mll
†

cHD pT,j� mll �⌘jj �⌘jj mee �⌘jj
† pT,e+µ+ pT,e+µ+

† pT,l� pT,l� pT,l� pT,l�

c(�)ll mjj
† mjj

† mjj
† mjj

† mjj
† mjj mjj

† mjj
† �⌘Vjj

† �⌘Vjj
† pT,ll† pT,l�

cHWB pT,j� pT,j� �⌘jj mll mee mWZ mµµ
† �⌘jj �⌘Vjj �⌘Vjj pT,l� MET

cH⇤ pT,j� mll mll mll - mWZ - �⌘jj pVT,j� pVT,j� - -

cHW ��jj mll ��jj mll ⌘l�
† mWZ mjj m�l pVBST,j� pVT,j� - -

cW ��jj pT,ll ��jj mll pT,l� mWZ ��jj pT,l� ��VBSjj
† ��VBSjj

†MET MET

Observables ranking change from Lin to Lin�Quad.
Best observable group usually match prior knowledge about
the operator.
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Best observable group usually match prior knowledge about
the operator.
G. Boldrini, ��/��/����, ICHEP���� ��



G. Pizzati - Izmir, 1st COMETA General Meeting

Process of interest

• Same-signWW: pp > e+ νe μ+ νμ jj


• Opposite-sign WW (QCD): p p > e+ νe μ− ν ̄μ j j


• WZ+2j(QCD): pp > e+ e− μ+ νμ jj


• ZZ+2j(QCD): pp > e+ e− μ+ μ−


• ZV+2j(QCD): pp > zw+(w−, z) > l+ l− jjjj


• WW: p p > e+ νe μ− ν ̄μ 

17

Processes of interest
Where appropriate, background contributions (↵�s↵�EW) generated for both SM and EFT.
Fully-leptonic and semi-leptonic final states investigated.
LHC-like selections performed (slides ��,��,��).
Full �! �(�) VBS (diboson) processes including non-resonant diagrams.

• Same-sign WW: pp > e+ ⌫e µ
+ ⌫µ j j

• Opposite-sign WW (QCD): pp > e+ ⌫e µ
� ⌫̄µ j j

• WZ��j(QCD): pp > e+ e� µ+ ⌫µ j j

• ZZ��j(QCD): pp > e+ e� µ+ µ�

• ZV��j(QCD): pp > zw+(w�, z) > l+ l� j j j j

• WW: pp > e+ ⌫e µ
� ⌫̄µ

An integrated luminosity of ��� fb�� is assumed. Projection
of constraints on slide ��

G. Boldrini, ��/��/����, ICHEP���� ��



G. Pizzati - Izmir, 1st COMETA General Meeting

SMEFT corrections in propagators

18

SMEFT corrections in propagators
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Mass terms and decay widths of the SM particles
generally receive corrections from L� operators.
{mW ,mZ,GF} ! �mW = �, �mZ = �, � 6= �.
Propagator corrections relevant only if close to the
mass shell. Corrections for di�erent ops share the
same shape except for normalization.

Nint↵ = Nint↵,vert.+Nint↵,��W
+Nint↵,��Z

+Nint,��H
versus Nint↵ = Nint↵,vert.

Limits change up to a factor⇠ �

��W/�
SM
W =

�
�c

(�)
Hq �

�
�c

(�)
Hl � c(�)ll ,

��Z/�
SM
Z = �.��c(�)Hq � �.��c(�)Hl + c(�)ll + �.��c(�)Hq

� �.��c(�)Hl � �.��cHD + �.��cHWB ,

��H/�
SM
H = �.��c(�)Hq � �.��c(�)Hl + �.��c(�)ll + �.��cH⇤

� �.��cHD � �.��cHW + �.��cHWB

0 10 20 30 40 50 6060− 50− 40− 30− 20− 10− 0
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Hqc
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Hlc
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[-9.0(-3.0),9.3(2.8)] [-17.1(-6.1),18.4(5.3)]

[-0.3(-0.3),0.3(0.3)] [-0.6(-0.6),0.6(0.6)]

[-5.5(-4.6),6.8(5.6)] [-9.3(-8.0),14.6(11.9)]

[-6.2(-4.6),6.7(4.9)] [-11.7(-8.7),13.6(9.9)]
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[-0.21(-0.39),0.22(0.41)] [-0.39(-0.75),0.44(0.82)]
[-0.21(-0.36),0.21(0.36)] [-0.41(-0.70),0.43(0.71)]
[-0.05(-0.07),0.05(0.07)] [-0.09(-0.12),0.10(0.13)]
[-0.04(-0.06),0.04(0.06)] [-0.09(-0.12),0.09(0.12)]

[-0.64(-1.09),0.74(1.25)] [-1.18(-1.99),1.54(2.62)]
[-0.31(-0.72),0.33(0.77)] [-0.59(-1.38),0.67(1.56)]
[-0.20(-0.32),0.21(0.34)] [-0.38(-0.61),0.42(0.68)]
[-0.15(-0.26),0.16(0.27)] [-0.30(-0.50),0.31(0.53)]
[-0.08(-0.22),0.09(0.23)] [-0.16(-0.43),0.17(0.45)]
[-0.08(-0.19),0.08(0.20)] [-0.15(-0.37),0.16(0.39)]

[-0.64(-1.23),0.56(1.04)] [-1.35(-2.60),1.01(1.87)]
[-0.30(-0.89),0.28(0.82)] [-0.60(-1.82),0.53(1.53)]
[-0.16(-0.25),0.15(0.24)] [-0.31(-0.51),0.28(0.46)]
[-0.13(-0.24),0.13(0.24)] [-0.26(-0.48),0.24(0.45)]
[-0.09(-0.51),0.08(0.49)] [-0.17(-1.00),0.16(0.96)]
[-0.08(-0.18),0.08(0.17)] [-0.16(-0.35),0.15(0.33)]

[-1.40(-1.22),1.41(1.25)] [-2.73(-2.36),2.77(2.47)]
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•Mass terms and decay widths of the SM particles 
generally receive corrections from  operators.

•
•Propagator corrections relevant only if close to 
the mass shell
•Corrections for different ops share the same shape 
except for normalization
•Propagator corrections at O(Λ−2) provide 

sensitive contributions up to a factor 5

ℒ6

{mW, mZ, GF} → δmW = 0, δmZ = 0, Γ ≠ 0


