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• No direct evidence of  new physics -> SMEFT 

• EWPOs provided strong evidence that the SM describes 
physics at EW scale. 

• Similarly, in the SMEFT approach, comparisons of  EWPOs 
with theoretical predictions severely constrain the 
coefficients associated to the new physics. 

• NLO SMEFT calculation of  EWPOs -> New 2- and 4-fermion 
operators. 

• Assumptions on the flavor structure introduce significant 
model dependence into the SMEFT predictions. 
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• Class A  (2 fermion operators)

Definitions 
VCKM ∼ 1 and mu,d,c,s,… = 0

𝒪ϕe[ij], 𝒪ϕu[ij], 𝒪ϕd[ij], 𝒪(3)
ϕq[ij], 𝒪(1)

ϕq[ij], 𝒪(3)
ϕl [ij], 𝒪(1)

ϕl [ij], 𝒪uB[33], 𝒪uW[33]

• Class B (4 fermion with identical f. r)

𝒪ee[ijkl], 𝒪(3)
qq [ijkl], 𝒪(1)

qq [ijkl], 𝒪uu[ijkl], 𝒪dd[ijkl], 𝒪ll[ijkl]

• Class C  (4 fermion with different f. r)
𝒪ed[ijkl], 𝒪eu[ijkl], 𝒪lu[ijkl], 𝒪ld[ijkl], 𝒪le[ijkl], 𝒪(1)

lq [ijkl], 𝒪(3)
lq [ijkl], 𝒪qe[ijkl],

𝒪ϕB, 𝒪ϕW, 𝒪□ , 𝒪W

23 Independent Coefficients

50 Independent Coefficients

99 Independent Coefficients

4 Bosonic Operators

CX[ij] = E(i)
X δij i, j = 1,2,3

CY[iiii] = F(i)
Y , CY[iijj] = A(ij)

Y , CY[ijji] = B(ij)
Y ,

CZ[iijj] = D(ij)
z i, j = 1,2,3

A(ij)
Y = A( ji), B(ij)

Y = B( ji)
Y , i ≠ j & i, j = 1,2,3

𝒪(1)
qd [ijkl], 𝒪(1)

qu [ijkl], 𝒪(1)
ud [ijkl] .

Flavor structure



Method
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• In total we have 178 independent coefficients and the calculation is performed 
without any further hypothesis. We use  set of  EW input parameters. 

• To carry out the analysis, in order to reduce the number of  coefficients that need to 
be considered, we examine different flavor scenario. 

{α, MZ, Gμ}

 Number of independent coefficients contributing to NLO predictions for EWPOs in various flavor scenarios

https://doi.org/10.1103/PhysRevLett.121.162003
https://doi.org/10.1103/PhysRevLett.121.162003


5

χ2(C̄, Ĉ) = ∑
i,j

(Oexp
i − Oth

i )σ−2
ij (Oexp

j − Oth
j ) .

∂χ2

∂Ĉ
= 0 ⟹ Ĉm = c0 + ∑

i

C̄i ⟹ χ2(C̄, Ĉm) ≡ χ2
M(C̄)

• Our evaluation starts by considering only one non-zero operator type, O[ijkl],  
   at a time and imposing the flavor symmetries. In general, we can write:

• The marginalisation is carried out by

Method
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C(3)
�l [33]

Class A

• Comparing the NLO and LO bounds on 2-fermion operators in different flavor scenarios.

NLO    LO∼
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• It is interesting to note the large differences in the shapes of  the LO and NLO fits in the MFV and 
3rd generation phobic scenarios. The limits on these operators are highly dependent on the 
assumed flavor scenario.

Correlation for
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(Coefficients are not all independent)
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C(3)
qq [1331]

<latexit sha1_base64="Pbo06+93/RrELd7y+qHLV1uDmHU=">AAAB+3icbVDLTsJAFJ3iC/FVcelmIjHBDWnBqEsSNi4xkUdSajMdpjBhOi0zUyNp+ituXGiMW3/EnX/jAF0oeJKbnJxzb+69x48Zlcqyvo3CxubW9k5xt7S3f3B4ZB6XuzJKBCYdHLFI9H0kCaOcdBRVjPRjQVDoM9LzJ62533skQtKI36tZTNwQjTgNKEZKS55ZbnnpdJo9pNXGReY0NFzPrFg1awG4TuycVECOtmd+DYYRTkLCFWZISse2YuWmSCiKGclKg0SSGOEJGhFHU45CIt10cXsGz7UyhEEkdHEFF+rviRSFUs5CX3eGSI3lqjcX//OcRAU3bkp5nCjC8XJRkDCoIjgPAg6pIFixmSYIC6pvhXiMBMJKx1XSIdirL6+Tbr1mX9Xsu8tKs57HUQSn4AxUgQ2uQRPcgjboAAyewDN4BW9GZrwY78bHsrVg5DMn4A+Mzx8v7JMv</latexit>

C(3)
qq [3333]

<latexit sha1_base64="WV9Jdui5339VUWjU6KulSgVe+9M=">AAAB+3icbVDLTsJAFJ3iC/FVcelmIjHBDemAUZckbFxiIo+k1GY6TGHC9MHM1Eia/oobFxrj1h9x5984QBcKnuQmJ+fcm3vv8WLOpLKsb6Owsbm1vVPcLe3tHxwemcflrowSQWiHRDwSfQ9LyllIO4opTvuxoDjwOO15k9bc7z1SIVkU3qtZTJ0Aj0LmM4KVllyz3HLT6TR7SKvoIrNRo4Ec16xYNWsBuE5QTiogR9s1vwbDiCQBDRXhWEobWbFyUiwUI5xmpUEiaYzJBI+orWmIAyqddHF7Bs+1MoR+JHSFCi7U3xMpDqScBZ7uDLAay1VvLv7n2Ynyb5yUhXGiaEiWi/yEQxXBeRBwyAQlis80wUQwfSskYywwUTqukg4Brb68Trr1GrqqobvLSrOex1EEp+AMVAEC16AJbkEbdAABT+AZvII3IzNejHfjY9laMPKZE/AHxucPJrqTKQ==</latexit>

C(1)
qq [1331]

• The U(3)^5 results for these operators are more constrained than the MFV scenarios and the 3rd 
generation phobic scenarios are weakly constrained for both the operators.

δ ≡ Cmax − Cmin

Class B

∼ O(50)
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• All the independent flavor structures not present in the plots are marginalized over.  The correlation 
of  the coefficients shows the dramatic impact of  flavor assumptions on these operators.

C(1)
qq C(3)

qq
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(Coefficients are not all independent)

<latexit sha1_base64="EGmi/KLejWr6mSA4QQfLPCudMh4=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpmSKqMtCNy4r2AekMUymk3boZBJnJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57goQzpR3n21pb39jc2i7tlHf39g8O7aNKV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvBpDXze49UKhaLOz1NqBfhkWAhI1gbybcrLT/jD/l9VkPnuYtQo+H5dtWpO3PAVYIKUgUF2r79NRjGJI2o0IRjpVzkJNrLsNSMcJqXB6miCSYTPKKuoQJHVHnZ/PYcnhllCMNYmhIaztXfExmOlJpGgemMsB6rZW8m/ue5qQ6vvYyJJNVUkMWiMOVQx3AWBBwySYnmU0MwkczcCskYS0y0iatsQkDLL6+SbqOOLuvo9qLabBRxlMAJOAU1gMAVaIIb0AYdQMATeAav4M3KrRfr3fpYtK5Zxcwx+APr8wcb0ZMi</latexit>

C(1)
lq [1122]

<latexit sha1_base64="fSWaawF60YEGIjFRYd1GNgG4EwU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRahXkpSRT0WevFYwX5AGsNmu22XbjZxdyOWkL/ixYMiXv0j3vw3btsctPXBwOO9GWbmBTGjUtn2t1FYW9/Y3Cpul3Z29/YPzMNyR0aJwKSNIxaJXoAkYZSTtqKKkV4sCAoDRrrBpDnzu49ESBrxOzWNiReiEadDipHSkm+Wm37KHrL7tOqcZe65huebFbtmz2GtEicnFcjR8s2v/iDCSUi4wgxJ6Tp2rLwUCUUxI1mpn0gSIzxBI+JqylFIpJfOb8+sU60MrGEkdHFlzdXfEykKpZyGge4MkRrLZW8m/ue5iRpeeynlcaIIx4tFw4RZKrJmQVgDKghWbKoJwoLqWy08RgJhpeMq6RCc5ZdXSadecy5rzu1FpVHP4yjCMZxAFRy4ggbcQAvagOEJnuEV3ozMeDHejY9Fa8HIZ47gD4zPHyT6kyg=</latexit>

C(1)
lq [3333]

<latexit sha1_base64="Yt0kfq6ttVVbsqF/ohaBt1MelcQ=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkWom5KJoi4L3bisYB+QxjCZTtqhk0mcmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vvCRJGpbLtb6O0tr6xuVXeruzs7u0fmIfVroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCSWvm9x6JkDTmd2qaEC9CI05DipHSkm9WW37GHvL7rH5+lrsQOo7nmzW7Yc9hrRJYkBoo0PbNr8EwxmlEuMIMSelCO1FehoSimJG8MkglSRCeoBFxNeUoItLL5rfn1qlWhlYYC11cWXP190SGIimnUaA7I6TGctmbif95bqrCay+jPEkV4XixKEyZpWJrFoQ1pIJgxaaaICyovtXCYyQQVjquig4BLr+8SrpOA1424O1FrekUcZTBMTgBdQDBFWiCG9AGHYDBE3gGr+DNyI0X4934WLSWjGLmCPyB8fkDHumTJA==</latexit>

C(3)
lq [1122]

<latexit sha1_base64="YCY29qHJnWw/OLHaofuP0iUZD2Q=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpmRaUZeFblxWsA9IY5hMp+3QySTOTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733BDFnSjvOt7W2vrG5tV3YKe7u7R8c2keljooSSWibRDySvQArypmgbc00p71YUhwGnHaDSXPmdx+pVCwSd3oaUy/EI8GGjGBtJN8uNf2UP2T3aaV+nrkI1eueb5edqjMHXCUoJ2WQo+XbX/1BRJKQCk04VspFTqy9FEvNCKdZsZ8oGmMywSPqGipwSJWXzm/P4JlRBnAYSVNCw7n6eyLFoVLTMDCdIdZjtezNxP88N9HDay9lIk40FWSxaJhwqCM4CwIOmKRE86khmEhmboVkjCUm2sRVNCGg5ZdXSadWRZdVdHtRbtTyOArgBJyCCkDgCjTADWiBNiDgCTyDV/BmZdaL9W59LFrXrHzmGPyB9fkDIfSTJg==</latexit>

C(3)
lq [1133]

<latexit sha1_base64="tM20xy4Nt0m3wnTqrt2cAeC2q1g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpmRaUZeFblxWsA9IY5hMp+3QySTOTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733BDFnSjvOt7W2vrG5tV3YKe7u7R8c2keljooSSWibRDySvQArypmgbc00p71YUhwGnHaDSXPmdx+pVCwSd3oaUy/EI8GGjGBtJN8uNf2UP2T3aaV+nrn1OkKeb5edqjMHXCUoJ2WQo+XbX/1BRJKQCk04VspFTqy9FEvNCKdZsZ8oGmMywSPqGipwSJWXzm/P4JlRBnAYSVNCw7n6eyLFoVLTMDCdIdZjtezNxP88N9HDay9lIk40FWSxaJhwqCM4CwIOmKRE86khmEhmboVkjCUm2sRVNCGg5ZdXSadWRZdVdHtRbtTyOArgBJyCCkDgCjTADWiBNiDgCTyDV/BmZdaL9W59LFrXrHzmGPyB9fkDIfyTJg==</latexit>

C(3)
lq [3311]

<latexit sha1_base64="KaI9XgnOoVpYi1YmPZ7u5KhY4ow=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlaUZeFblxWsA9IY5hMp+3QycOZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufceP+ZMKsv6NtbWNza3tgs7xd29/YND86jUkVEiCG2TiEei52NJOQtpWzHFaS8WFAc+p11/0pz53UcqJIvCOzWNqRvgUciGjGClJc8sNb2UP2T3aaV+njl1Ddczy1bVmgOtEjsnZcjR8syv/iAiSUBDRTiW0rGtWLkpFooRTrNiP5E0xmSCR9TRNMQBlW46vz1DZ1oZoGEkdIUKzdXfEykOpJwGvu4MsBrLZW8m/uc5iRpeuykL40TRkCwWDROOVIRmQaABE5QoPtUEE8H0rYiMscBE6biKOgR7+eVV0qlV7cuqfXtRbtTyOApwAqdQARuuoAE30II2EHiCZ3iFNyMzXox342PRumbkM8fwB8bnDygSkyo=</latexit>

C(3)
lq [3333]

Class C

• The limits obtained in the flavorless setup are also similar to those of  the MFV structures. The U(2)^5 and 
3rd generation phobic scenarios give the weakest bounds for these operators.

|δ |

δ ≡ Cmax − Cmin

Flavorless = U(3)



11

MFV

3rdGenCen

3rdGenPh+U(2)5

FlavLess

-1 0 1 2

-5

0

5

10

15

Clq
(1)[3, 3, 3, 3]

C
lq(1
) [1
,1
,2
,2

]

95% CL

U(2)5

MFV

3rdGenCen

3rdGenPh+U(2)5

FlavLess

-8 -6 -4 -2 0 2 4
-2

-1

0

1

2

Clq
(3)[3, 3, 3, 3]

C
lq(3
) [1
,1
,2
,2

]

95% CL

• There are large correlations in different flavour structure, but in this case the bounds are less dependent on the 
flavor scenario.

C(1)
lq C(3)

lq
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Conclusion

• We have computed the NLO contributions to EWPOs including an arbitrary flavor structure for 
the fermion operators. 

• Comparing the bounds on 2-fermion operators we have seen that the differences between the 
LO and NLO fits are in general quite small, but the flavor scenario is relevant. 

•  The flavor structure has a dramatic effect on the bounds derived on the 4-fermion operators 
which first contribute to EWPOs at NLO. 

• Different flavor scenarios lead to a significant correlations between the parameters. 

• We have explicitly demonstrated that ignoring flavor typically leads to much tighter bounds on 
the SMEFT coefficients than in a more general flavor scenario.
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Backup slides
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Cll
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<latexit sha1_base64="+HZEkH41yE5gHP0HHtjwe92wLkg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9lYUY+FXjxWsB+wXUo2zbah2eyaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCcWPudyZMaR7LRzNNmB+RoeQhp8RYyW/0M4HEzMO1Gvb75YpbdRdA6wTnpAI5mv3yV28Q0zRi0lBBtPawmxg/I8pwKtis1Es1SwgdkyHzLJUkYtrPFkfP0IVVBiiMlS1p0EL9PZGRSOtpFNjOiJiRXvXm4n+el5rwzs+4TFLDJF0uClOBTIzmCaABV4waMbWEUMXtrYiOiCLU2JxKNgS8+vI6aV9V8U0VP1xX6m4eRxHO4BwuAcMt1OEemtACCk/wDK/w5kycF+fd+Vi2Fpx85hT+wPn8AS5LkQI=</latexit>

Cll[1331]

<latexit sha1_base64="U/SLJLnwh91DrEKE+WY1CnlyeUw=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kUUY+FXjxWsB+wXUo2zbah2ew2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBYng2rjut1PY2t7Z3Svulw4Oj45PyqdnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsE48bC70yZ0jyWT2aWMD8iQ8lDTomxkt/oZwKJuYdrNez3yxW36i6BNgnOSQVyNPvlr94gpmnEpKGCaO1hNzF+RpThVLB5qZdqlhA6JkPmWSpJxLSfLY+eoyurDFAYK1vSoKX6eyIjkdazKLCdETEjve4txP88LzXhvZ9xmaSGSbpaFKYCmRgtEkADrhg1YmYJoYrbWxEdEUWosTmVbAh4/eVN0q5V8W0VP95U6m4eRxEu4BKuAcMd1OEBmtACChN4hld4c6bOi/PufKxaC04+cw5/4Hz+ACs+kQA=</latexit>

Cll[1221]

<latexit sha1_base64="j9eGoWCxNe0ReUnWDgPgfLtqgCM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhF48V7Ae0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M63O/PeHaiFg94jThfkSHSoSCUbSSX+9nkshZ17Pw++WKW3UXIOvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5rNRLDU8oG9Mh71qqaMSNny2OnpELqwxIGGtbCslC/T2R0ciYaRTYzojiyKx6c/E/r5tieOdnQiUpcsWWi8JUEozJPAEyEJozlFNLKNPC3krYiGrK0OZUsiF4qy+vk9ZV1bupeg/XlZqbx1GEMziHS/DgFmpwDw1oAoMneIZXeHMmzovz7nwsWwtOPnMKf+B8/gAoMZD+</latexit>

Cll[1111]

<latexit sha1_base64="I1Fj3G5zIiVQZoQNzOi1/nYFmN0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kUUY+FXjxWsB+wXUo2zbah2ew2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBYng2rjut1PY2t7Z3Svulw4Oj45PyqdnbR2nirIWjUWsugHRTHDJWoYbwbqJYiQKBOsE48bC70yZ0jyWT2aWMD8iQ8lDTomxkt/oZwKJuYdxreb3yxW36i6BNgnOSQVyNPvlr94gpmnEpKGCaO1hNzF+RpThVLB5qZdqlhA6JkPmWSpJxLSfLY+eoyurDFAYK1vSoKX6eyIjkdazKLCdETEjve4txP88LzXhvZ9xmaSGSbpaFKYCmRgtEkADrhg1YmYJoYrbWxEdEUWosTmVbAh4/eVN0q5V8W0VP95U6m4eRxEu4BKuAcMd1OEBmtACChN4hld4c6bOi/PufKxaC04+cw5/4Hz+ACs8kQA=</latexit>

Cll[1122]

<latexit sha1_base64="vSzNTx+IwjdeJMiJ4pINUekgLkQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9lYUY+FXjxWsB+wXUo2zbah2eyaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmLxiJW3YBoJrhkLcONYN1EMRIFgnWCcWPudyZMaR7LRzNNmB+RoeQhp8RYyW/0M4HEzMO4VvP75YpbdRdA6wTnpAI5mv3yV28Q0zRi0lBBtPawmxg/I8pwKtis1Es1SwgdkyHzLJUkYtrPFkfP0IVVBiiMlS1p0EL9PZGRSOtpFNjOiJiRXvXm4n+el5rwzs+4TFLDJF0uClOBTIzmCaABV4waMbWEUMXtrYiOiCLU2JxKNgS8+vI6aV9V8U0VP1xX6m4eRxHO4BwuAcMt1OEemtACCk/wDK/w5kycF+fd+Vi2Fpx85hT+wPn8AS5HkQI=</latexit>

Cll[1133]

<latexit sha1_base64="XMojbGTgcEK3BJkem4GtV/k/I40=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOhF48VbC20oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6HVDDpVC8iQIlbyea0yiQ/DEY1Wf+45hrI2L1gJOE+xEdKBEKRtFKfr2XSSKnnUsLv1euuFV3DrJKvJxUIEejV/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn86Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophrd+JlSSIldssShMJcGYzBIgfaE5QzmxhDIt7K2EDammDG1OJRuCt/zyKmldVL3rqnd/Vam5eRxFOIFTOAcPbqAGd9CAJjB4gmd4hTdn7Lw4787HorXg5DPH8AfO5w80ZZEG</latexit>

Cll[3333]

• Limits on coefficients of  Cll[ijkl] in various flavor scenarios, where i, j, k, l = 1; 2; 3. Only Cll is 
taken to be non-zero in this figure.

δ ≡ Cmax − Cmin
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• The plots show the strong correlation between Cll[1221] and Cll[3333] in the MFV scenario and between 
Cll[1221] and Cll[1122] in the U(2)^5  and 3rd  generation phobic scenarios.
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Operator U(3)5 MFV U(2)5 3rd gen 3rd gen 3rd gen Flavorless

Class B specific phobic phobic+U(2)5

Cee X X x X x X X

Cll X X X X X X X

Cuu x x x x x x X

Cdd x x x X x x X

C(3)
qq X X x X x X X

C(1)
qq X X x X x X X

Table I. Class B limits

Class B
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Operator U(3)5 MFV U(2)5 3rd gen 3rd gen 3rd gen Flavorless

Class C specific phobic phobic+U(2)5

C(3)
lq X X X X x X X

C(1)
lq X X x X x X X

Clu X X x X x X X

Cqe X X x X x X X

Ced X X x X x X X

Cld X X x X x X X

Cle X X x X x X X

Ceu X X x X x X X

C(1)
ud X X x X x X X

C(1)
qd X X x X x X X

C(1)
qu X x x X x X X

Table I. Class C limits

Class C


