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[1] G. Cowan, K. Cranmer, E. Gross, O. Vitells Eur.Phys.J.C71:1554,2011

General form* for our experimental likelihood 
(for measurements, searches …) is 

Where α are the “parameters of interest”  (mass of a new hypothetical particle, cross-section for some new 
process …) and δ are the “nuisance parameters”. 

* For Bayesian approaches  ⇡(�) ! ⇡(↵, �)
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At the LHC, the profiled likelihood ratio test statistic is 
the most common choice [1] à one parameter of 
interest μ – common multiplier for total signal yield 
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(for measurements, searches …) is 
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Often use binned likelihood à Pr(.) are Poisson 
probabilities Pr(n|�) = �n

n!
e��
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Sum over the signals / background contributions
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Imagine a (rather simplified) model inspired by a typical search for some Supersymmetric particle or exotic signature.

• There is a single source of background (can also think of this as the sum of all backgrounds)

• The data (observations) are divided into regions we have;

• 3 categories for the data à each category has 30 bins

• Increasing S/B with bin-number, within each category
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Toy search for new physics

There are two uncertainties (labelled “efficiency” and “scale-factor”) on the background yields (N), and each bin has an 
uncertainty which is uncorrelated between bins (e.g this could be from limited Monte Carlo statistics used to estimate nI)
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There are two uncertainties (labelled “efficiency” and “scale-factor”) on the background yields (N), and each bin has an 
uncertainty which is uncorrelated between bins (e.g this could be from limited Monte Carlo statistics used to estimate nI)

Another two uncertainties correlated between bins (“energy scale” and “theory” uncertainty) 

In total this means 94 nuisance parameters 
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Toy search for new physics
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Think of the expected number of background events in a 
given bin I, as the fraction of events in that bin (fI ) multiplied 
by the total number of events (N)

δ are nuisance parameters representing 
independent sources of uncertainty (in our 
case 94 of them)

Uncertainties in the normalisation (N) 
typically follow log-normals

Similarly for un-correlated bin-by-bin 
uncertainties

Κj and εIj represent the relative size and 
direction of the uncertainty

Toy search for new physics
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The effects of correlated systematic uncertainties on nI are 
modelled using quadratic(linear) interpo(extrapo)lation
function 

Toy search for new physics
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Experimental likelihood

L(µ, �)⇡(�) =
90Y
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Now we can write the likelihood for this search as follows; 
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Experimental likelihood
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Now we can write the likelihood for this search as follows; 

Specifying these terms with this generic form means the full likelihood can be communicated as plain text!

A lot of physicists’ time working on an LHC search is spent on these!
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n̂I = nb,I(�
0)
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We can generate pseudo-experiments for nb,I since we know 
Use randomly sampled and to determine the distribution of the 
backgrounds…

In some bins, distributions looks symmetric and Gaussian 
à can be described by 2 moments (mean and variance)

p(�) := ⇡(�) ⇠ e�
1
2�·�

<latexit sha1_base64="lzPneduRGusg2B1EVjQ4PRlw1Jo="></latexit>
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Re-parameterize the backgrounds
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n̂I = nb,I(�
0)

<latexit sha1_base64="wwQF5hp6IE17xGjJRmnVE+pTt6c=">AAACHHicbVBNSwMxEM36bf2qevQSLIKClF0V9CKIXvSmYFXo1iWbndrQbHZJZoUS9od48a948aCIFw+C/8a09uDXg5DHezPMzItzKQz6/oc3Mjo2PjE5NV2ZmZ2bX6guLl2YrNAcGjyTmb6KmQEpFDRQoISrXANLYwmXcfeo71/egjYiU+fYy6GVshsl2oIzdFJU3Q47DK0qI3tS0n2qIhtvnpTrYZzJxPRS99kwAYmsvLZhrkUK5UZUrfl1fwD6lwRDUiNDnEbVtzDJeJGCQi6ZMc3Az7FlmUbBJZSVsDCQM95lN9B0VLEUTMsOjivpmlMS2s60ewrpQP3eYVlq+pu6ypRhx/z2+uJ/XrPA9l7LCpUXCIp/DWoXkmJG+0nRRGjgKHuOMK6F25XyDtOMo8uz4kIIfp/8l1xs1YPt+tbZTu3gcBjHFFkhq2SdBGSXHJBjckoahJM78kCeyLN37z16L97rV+mIN+xZJj/gvX8C0KCidg==</latexit>

�0
<latexit sha1_base64="i/ULw4rzEbpiV++XkzGkeKzDY9A=">AAACBXicbVDLSsNAFJ34rPUVdamLYBFclaQKuiy6cVnBPqCJZTK5aYdOMmFmIpSQjRt/xY0LRdz6D+78GydtFtp6YJjDOfdy7z1+wqhUtv1tLC2vrK6tVzaqm1vbO7vm3n5H8lQQaBPOuOj5WAKjMbQVVQx6iQAc+Qy6/vi68LsPICTl8Z2aJOBFeBjTkBKstDQwj1yfs0BOIv1lbgBM4fw+cxNBI8gHZs2u21NYi8QpSQ2VaA3MLzfgJI0gVoRhKfuOnSgvw0JRwiCvuqmEBJMxHkJf0xhHIL1sekVunWglsEIu9IuVNVV/d2Q4ksWiujLCaiTnvUL8z+unKrz0MhonqYKYzAaFKbMUt4pIrIAKIIpNNMFEUL2rRUZYYKJ0cFUdgjN/8iLpNOrOWb1xe15rXpVxVNAhOkanyEEXqIluUAu1EUGP6Bm9ojfjyXgx3o2PWemSUfYcoD8wPn8A/wCZhw==</latexit>

We can generate pseudo-experiments for nb,I since we know 

Use randomly sampled and to determine the distribution of the 

backgrounds…

In other cases however, distributions are very asymmetric

à Skewness (γ) provides a measure of asymmetry

à 3rd moment relevant for describing backgrounds

p(�) := ⇡(�) ⇠ e�
1
2�·�

<latexit sha1_base64="lzPneduRGusg2B1EVjQ4PRlw1Jo="></latexit>
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Simplifying the likelihood?
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nb,I(�) ' aI + bI✓I + cI✓
2
I

<latexit sha1_base64="FikXaGY1+tpUNLBJcKqWwl+WF+k="></latexit>

1. Express nb,I as a simple expansion (quadratic) in terms of 
combined nuisance parameters θΙ I = 1 …90

For statistical (re-) interpretation purposes we eliminate nuisance parameters (δ)
à We are mainly interested in profiled / marginalized likelihoods 

Since the “backgrounds” are only dependent on the nuisance parameters, we can approximate in such a 
way that the profiled (or marginal) likelihood is preserved as follows [1]; 

[1] A. Buckley, M. Citron, S. Fichet, S. Kraml,  W. 
Waltenberger, NW J. High Energ. Phys. 2019, 64 (2019) * We can restore                                               if needed, but for this toy we keep μµ · ns,I ! ns,I(↵)

<latexit sha1_base64="js7J8Vt7eaNTvuDMso/f2ZW7u9M=">AAACI3icbVBNSwMxEM36bf2qevQSLIKClF0VFE+iF70pWC10S5nNpm0wmyzJrFKW/hcv/hUvHhTx4sH/YrZW0OqDkMd7M8zMi1IpLPr+uzc2PjE5NT0zW5qbX1hcKi+vXFmdGcZrTEtt6hFYLoXiNRQoeT01HJJI8uvo5qTwr2+5sUKrS+ylvJlAR4m2YIBOapUPwySjIYs1UtXK7fZZn4ZGdLoIxui7b20zjLSMbS9xXx6CTLvQ32qVK37VH4D+JcGQVMgQ563yaxhrliVcIZNgbSPwU2zmYFAwyfulMLM8BXYDHd5wVEHCbTMf3NinG06JaVsb9xTSgfqzI4fEFgu6ygSwa0e9QvzPa2TYPmjmQqUZcsW+BrUzSVHTIjAaC8MZyp4jwIxwu1LWBQMMXawlF0IwevJfcrVTDXarOxd7laPjYRwzZI2sk00SkH1yRE7JOakRRu7JI3kmL96D9+S9em9fpWPesGeV/IL38Qm1EqT0</latexit>

L(µ, �) ! L(µ)
<latexit sha1_base64="9KxGmRJTGtEBzzHqrI0YjDCJXWU=">AAACFnicbVDLSgMxFM3UV62vUZdugkVoQctMFXRZdOPCRQX7gE4pmUzahmYmQ3JHKUO/wo2/4saFIm7FnX9j+lho64WQwznncu89fiy4Bsf5tjJLyyura9n13Mbm1vaOvbtX1zJRlNWoFFI1faKZ4BGrAQfBmrFiJPQFa/iDq7HeuGdKcxndwTBm7ZD0It7llIChOvbJTcELk2PPlyLQw9B8qRcwAWRUxJ7ivT4QpeQDntiKHTvvlJxJ4UXgzkAezarasb+8QNIkZBFQQbRuuU4M7ZQo4FSwUc5LNIsJHZAeaxkYkZDpdjo5a4SPDBPgrlTmRYAn7O+OlIR6vLNxhgT6el4bk/9prQS6F+2UR3ECLKLTQd1EYJB4nBEOuGIUxNAAQhU3u2LaJ4pQMEnmTAju/MmLoF4uuael8u1ZvnI5iyOLDtAhKiAXnaMKukZVVEMUPaJn9IrerCfrxXq3PqbWjDXr2Ud/yvr8AdjEnyk=</latexit>

https://doi.org/10.1007/JHEP04(2019)064


Simplifying the likelihood?
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nb,I(�) ' aI + bI✓I + cI✓
2
I

<latexit sha1_base64="FikXaGY1+tpUNLBJcKqWwl+WF+k="></latexit>

1. Express nb,I as a simple expansion (quadratic) in terms of 
combined nuisance parameters θΙ I = 1 …90

P(x|y) = Poisson probability as before

For statistical (re-) interpretation purposes we eliminate nuisance parameters (δ)
à We are mainly interested in profiled / marginalized likelihoods 

Since the “backgrounds” are only dependent on the nuisance parameters, we can approximate in such a 
way that the profiled (or marginal) likelihood is preserved as follows [1]; 

[1] A. Buckley, M. Citron, S. Fichet, S. Kraml,  W. 
Waltenberger, NW J. High Energ. Phys. 2019, 64 (2019)

2. Re-parameterize likelihood in terms of μ* and θΙà Need to derive π(θ)!

L(µ, �)⇡(�) ! L(µ,✓)⇡(✓) =
P=90Y

I=1

P (nobs
I |µ · ns,I + aI + bI✓I + cI✓

2
I ) ·

1p
(2⇡)P

e�
1
2✓

T⇢�1✓

<latexit sha1_base64="ITuBzUAFKeMXRXUrbO67uVo7fhc="></latexit>

* We can restore                                               if needed, but for this toy we keep μµ · ns,I ! ns,I(↵)
<latexit sha1_base64="js7J8Vt7eaNTvuDMso/f2ZW7u9M=">AAACI3icbVBNSwMxEM36bf2qevQSLIKClF0VFE+iF70pWC10S5nNpm0wmyzJrFKW/hcv/hUvHhTx4sH/YrZW0OqDkMd7M8zMi1IpLPr+uzc2PjE5NT0zW5qbX1hcKi+vXFmdGcZrTEtt6hFYLoXiNRQoeT01HJJI8uvo5qTwr2+5sUKrS+ylvJlAR4m2YIBOapUPwySjIYs1UtXK7fZZn4ZGdLoIxui7b20zjLSMbS9xXx6CTLvQ32qVK37VH4D+JcGQVMgQ563yaxhrliVcIZNgbSPwU2zmYFAwyfulMLM8BXYDHd5wVEHCbTMf3NinG06JaVsb9xTSgfqzI4fEFgu6ygSwa0e9QvzPa2TYPmjmQqUZcsW+BrUzSVHTIjAaC8MZyp4jwIxwu1LWBQMMXawlF0IwevJfcrVTDXarOxd7laPjYRwzZI2sk00SkH1yRE7JOakRRu7JI3kmL96D9+S9em9fpWPesGeV/IL38Qm1EqT0</latexit>

⇢I,J = ⇢J,I
<latexit sha1_base64="EPpRSrRuNT8t2TdNSWTNv/ngzE0=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KKUmSroRii6sV1VsA9ohyGTpm1oJhmSjFCG2fgrblwo4tbPcOffmLaz0NYDF07OuZfce4KIUaUd59vKrayurW/kNwtb2zu7e/b+QUuJWGLSxIIJ2QmQIoxy0tRUM9KJJEFhwEg7GN9O/fYjkYoK/qAnEfFCNOR0QDHSRvLto54cCT+pleopvIbzR71US3276JSdGeAycTNSBBkavv3V6wsch4RrzJBSXdeJtJcgqSlmJC30YkUihMdoSLqGchQS5SWzA1J4apQ+HAhpims4U39PJChUahIGpjNEeqQWvan4n9eN9eDKSyiPYk04nn80iBnUAk7TgH0qCdZsYgjCkppdIR4hibA2mRVMCO7iycukVSm75+XK/UWxepPFkQfH4AScARdcgiq4Aw3QBBik4Bm8gjfryXqx3q2PeWvOymYOwR9Ynz892pWI</latexit>These are the same as 

the full likelihood

L(µ, �) ! L(µ)
<latexit sha1_base64="9KxGmRJTGtEBzzHqrI0YjDCJXWU=">AAACFnicbVDLSgMxFM3UV62vUZdugkVoQctMFXRZdOPCRQX7gE4pmUzahmYmQ3JHKUO/wo2/4saFIm7FnX9j+lho64WQwznncu89fiy4Bsf5tjJLyyura9n13Mbm1vaOvbtX1zJRlNWoFFI1faKZ4BGrAQfBmrFiJPQFa/iDq7HeuGdKcxndwTBm7ZD0It7llIChOvbJTcELk2PPlyLQw9B8qRcwAWRUxJ7ivT4QpeQDntiKHTvvlJxJ4UXgzkAezarasb+8QNIkZBFQQbRuuU4M7ZQo4FSwUc5LNIsJHZAeaxkYkZDpdjo5a4SPDBPgrlTmRYAn7O+OlIR6vLNxhgT6el4bk/9prQS6F+2UR3ECLKLTQd1EYJB4nBEOuGIUxNAAQhU3u2LaJ4pQMEnmTAju/MmLoF4uuael8u1ZvnI5iyOLDtAhKiAXnaMKukZVVEMUPaJn9IrerCfrxXq3PqbWjDXr2Ud/yvr8AdjEnyk=</latexit>

https://doi.org/10.1007/JHEP04(2019)064
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Nearly done with the formulae…
Coefficients obtained by matching moments 
and appealing to CLT at NLO.

Coefficients a, b and c are determined from 
the first 3 central moments of the joint 
distributions of nb,I - Mean, covariance and 
skew

Solutions valid for
8(m2,II)3

(m3,I)2
� 1

<latexit sha1_base64="gigUyr+UUp+gIrfSu7b4IgAhFg0=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUqGVmKthl0Y3dVbAPaMchk2ba0ExmTDJCGeYr3Pgrblwo4lbc+Temj4W2Hgice8693NzjRYxKZZrfRmZldW19I7uZ29re2d3L7x+0ZBgLTJo4ZKHoeEgSRjlpKqoY6USCoMBjpO2NriZ++4EISUN+q8YRcQI04NSnGCktufmzni8QTqqwGLiJXarX09O7pJKmyaSulKalnaawNyD30HLzBbNsTgGXiTUnBTBHw81/9fohjgPCFWZIyq5lRspJkFAUM5LmerEkEcIjNCBdTTkKiHSS6VkpPNFKH/qh0I8rOFV/TyQokHIceLozQGooF72J+J/XjZVfdRLKo1gRjmeL/JhBFcJJRrBPBcGKjTVBWFD9V4iHSOekdJI5HYK1ePIyadllq1K2b84Ltct5HFlwBI5BEVjgAtTANWiAJsDgETyDV/BmPBkvxrvxMWvNGPOZQ/AHxucPRdWdjg==</latexit>



Moments can be calculated analytically or (my preference) using pseudo experiments
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Nearly done with the formulae…
Coefficients obtained by matching moments 
and appealing to CLT at NLO.

Coefficients a, b and c are determined from 
the first 3 central moments of the joint 
distributions of nb,I - Mean, covariance and 
skew

Solutions valid for

These quantities are the inputs 
needed to determine the 
simplified likelihood 

8(m2,II)3

(m3,I)2
� 1

<latexit sha1_base64="gigUyr+UUp+gIrfSu7b4IgAhFg0=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUqGVmKthl0Y3dVbAPaMchk2ba0ExmTDJCGeYr3Pgrblwo4lbc+Temj4W2Hgice8693NzjRYxKZZrfRmZldW19I7uZ29re2d3L7x+0ZBgLTJo4ZKHoeEgSRjlpKqoY6USCoMBjpO2NriZ++4EISUN+q8YRcQI04NSnGCktufmzni8QTqqwGLiJXarX09O7pJKmyaSulKalnaawNyD30HLzBbNsTgGXiTUnBTBHw81/9fohjgPCFWZIyq5lRspJkFAUM5LmerEkEcIjNCBdTTkKiHSS6VkpPNFKH/qh0I8rOFV/TyQokHIceLozQGooF72J+J/XjZVfdRLKo1gRjmeL/JhBFcJJRrBPBcGKjTVBWFD9V4iHSOekdJI5HYK1ePIyadllq1K2b84Ltct5HFlwBI5BEVjgAtTANWiAJsDgETyDV/BmPBkvxrvxMWvNGPOZQ/AHxucPRdWdjg==</latexit>



Convergence of moment calculation 
with pseudo-data

19Nicholas Wardle

3rd Moment typically requires most toys to get accurate value, however this is mostly true 
when m3 is small and therefore not so relevant!
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How well does this approximate the distribution of nI?
We can compare the distribution of          obtained in the pseudo-data from 

A. generating from 

B. generating from 

n̂I
<latexit sha1_base64="xSwxbcxQl4C+oXouI0AuQOv5T0U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF71VsB+QhrLZbtqlm92wOxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8S04Uo+wjRhQUxGkkecErCS3x8TyGQ+yO7zQbXm1t058CrxClJDBVqD6ld/qGgaMwlUEGN8z00gyIgGTgXLK/3UsITQCRkx31JJYmaCbH5yjs+sMsSR0rYk4Ln6eyIjsTHTOLSdMYGxWfZm4n+en0J0HWRcJikwSReLolRgUHj2Px5yzSiIqSWEam5vxXRMNKFgU6rYELzll1dJp1H3LuqNh8ta86aIo4xO0Ck6Rx66Qk10h1qojShS6Bm9ojcHnBfn3flYtJacYuYY/YHz+QO7KZGL</latexit>

p(�) := ⇡(�) ⇠ e�
1
2�·�

<latexit sha1_base64="lzPneduRGusg2B1EVjQ4PRlw1Jo="></latexit>

n̂I = nb,I(�
0)

<latexit sha1_base64="wwQF5hp6IE17xGjJRmnVE+pTt6c=">AAACHHicbVBNSwMxEM36bf2qevQSLIKClF0V9CKIXvSmYFXo1iWbndrQbHZJZoUS9od48a948aCIFw+C/8a09uDXg5DHezPMzItzKQz6/oc3Mjo2PjE5NV2ZmZ2bX6guLl2YrNAcGjyTmb6KmQEpFDRQoISrXANLYwmXcfeo71/egjYiU+fYy6GVshsl2oIzdFJU3Q47DK0qI3tS0n2qIhtvnpTrYZzJxPRS99kwAYmsvLZhrkUK5UZUrfl1fwD6lwRDUiNDnEbVtzDJeJGCQi6ZMc3Az7FlmUbBJZSVsDCQM95lN9B0VLEUTMsOjivpmlMS2s60ewrpQP3eYVlq+pu6ypRhx/z2+uJ/XrPA9l7LCpUXCIp/DWoXkmJG+0nRRGjgKHuOMK6F25XyDtOMo8uz4kIIfp/8l1xs1YPt+tbZTu3gcBjHFFkhq2SdBGSXHJBjckoahJM78kCeyLN37z16L97rV+mIN+xZJj/gvX8C0KCidg==</latexit>

n4

n 6
2

p(✓) ⇠ e�
1
2✓

T ⇢�1✓
<latexit sha1_base64="XmQf7PtV1MICahjepOHXv0u17VU="></latexit>

n̂I = nb,I(✓
0
I)

<latexit sha1_base64="5cqpHbQgQKM4VzJhvI0+7gHw9m4=">AAACE3icbVA9SwNBEN3z2/gVtbRZDIKKhLsoaCOINqaLYDSQi8feZmKW7O0du3NCOO4/2PhXbCwUsbWx89+4iSk0+mDg8d4MM/PCRAqDrvvpTExOTc/Mzs0XFhaXlleKq2tXJk41hzqPZawbITMghYI6CpTQSDSwKJRwHfbOBv71HWgjYnWJ/QRaEbtVoiM4QysFxV2/yzBTeZBVc3pMVZCFe9V828cuIBuIN5mfaBFBvhMUS27ZHYL+Jd6IlMgItaD44bdjnkagkEtmTNNzE2xlTKPgEvKCnxpIGO+xW2haqlgEppUNf8rpllXatBNrWwrpUP05kbHImH4U2s6IYdeMewPxP6+ZYueolQmVpAiKfy/qpJJiTAcB0bbQwFH2LWFcC3sr5V2mGUcbY8GG4I2//JdcVcrefrlycVA6OR3FMUc2yCbZJh45JCfknNRInXByTx7JM3lxHpwn59V5+26dcEYz6+QXnPcv/+qePQ==</latexit>

n620

# 
ps

eu
do

-e
xp

er
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ts

A (full 
likelihood)

B (simplified 
likelihood)

C (linear SL, I’ll 
explain it in 
the next slide)
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How well does this approximate the distribution of nI?

A (full likelihood)

B (simplified likelihood)

C (linear SL)

Bin index

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

Nu
m

be
r o

f e
ve

nt
s

1

10

210

Observed data

 stat unc.)±Nominal background (

Energy scale up/down

Theory uncertainty up/down

New physics signal

Category 1  (s.f.)
-26.11
+13.50 (eff.) -54.12

+43.50 = 1006.50 N Category 2  (s.f.)
-39.01
+31.10 (eff.) -29.13

+18.60 = 256.40 N Category 3  (s.f.)
-9.90
-12.60 (eff.) -10.93

+7.40 = 52.60 N

*approach as in CMS-NOTE-2017-001, and K. Cranmer, S. Kreiss, D. López-Val, T. Plehn, PhysRevD 91 054032 

https://cds.cern.ch/record/2242860?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.054032
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How well does this approximate the distribution of nI?

A (full likelihood)

B (simplified likelihood)

C (linear SL)

When (the skew) is small, the linear 
approximation is fairly good, as expected. 

In C, there is a further simplification that m3,I is 0. In this case, the 
expressions simplify to*  

Bin index

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

Nu
m

be
r o

f e
ve

nt
s

1

10

210

Observed data

 stat unc.)±Nominal background (

Energy scale up/down

Theory uncertainty up/down

New physics signal

Category 1  (s.f.)
-26.11
+13.50 (eff.) -54.12

+43.50 = 1006.50 N Category 2  (s.f.)
-39.01
+31.10 (eff.) -29.13

+18.60 = 256.40 N Category 3  (s.f.)
-9.90
-12.60 (eff.) -10.93

+7.40 = 52.60 N

nb,I(✓I) = AI +BI✓I
<latexit sha1_base64="2QxqyR92tpSXIgGg5lUw2+Q7dAc=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIlUqZqYJuhFo3dlfBXqAtQyZN29BMZkjOCGXoQ7jxVdy4UMStC3e+jekF1NYDgY//P4eT83uh4Bps+8tKLC2vrK4l11Mbm1vbO+ndvZoOIkVZlQYiUA2PaCa4ZFXgIFgjVIz4nmB1b3A99uv3TGkeyDsYhqztk57kXU4JGMlN56QbeyflUbYFfQbEjcujY3yJr8aAc7jkln8MN52x8/ak8CI4M8igWVXc9GerE9DIZxKoIFo3HTuEdkwUcCrYKNWKNAsJHZAeaxqUxGe6HU+OGuEjo3RwN1DmScAT9fdETHyth75nOn0CfT3vjcX/vGYE3Yt2zGUYAZN0uqgbCQwBHieEO1wxCmJogFDFzV8x7RNFKJgcUyYEZ/7kRagV8s5pvnB7limWZnEk0QE6RFnkoHNURDeogqqIogf0hF7Qq/VoPVtv1vu0NWHNZvbRn7I+vgFZU50h</latexit>

p(✓) ⇠ e�
1
2✓

T v�1✓
<latexit sha1_base64="m1YXpaEuN+fa3/iiG4WygXX97Eo="></latexit>

AI = m1,I , BI = m2,II , vIJ = m2,IJ
<latexit sha1_base64="oOUzCXxhGlzD7dZxmQcLyOz5rPE=">AAACHXicbZBNSwJBGMdn7c3sbatjlyEJOojsmlCXwOySngxSA12W2XFWB2dfmJkVZNk+SJe+SpcORXToEn2bRl2wtD8M/Pk9z8Mzz98JGRXSML61zMrq2vpGdjO3tb2zu6fvH7REEHFMmjhgAb93kCCM+qQpqWTkPuQEeQ4jbWd4Pam3R4QLGvh3chwSy0N9n7oUI6mQrZev7LiWwEvo2bFZqCWFh+oclAq1CRkpUp+jemLreaNoTAWXjZmaPEjVsPXPbi/AkUd8iRkSomMaobRixCXFjCS5biRIiPAQ9UlHWR95RFjx9LoEnijSg27A1fMlnNLfEzHyhBh7jur0kByIxdoE/lfrRNK9sGLqh5EkPp4tciMGZQAnUcEe5QRLNlYGYU7VXyEeII6wVIHmVAjm4snLplUqmmfF0m05X6mmcWTBETgGp8AE56ACbkADNAEGj+AZvII37Ul70d61j1lrRktnDsEfaV8/IjifeA==</latexit>

*approach as in CMS-NOTE-2017-001, and K. Cranmer, S. Kreiss, D. López-Val, T. Plehn, PhysRevD 91 054032 

https://cds.cern.ch/record/2242860?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.054032


Get to the punchline already Nick …
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Eliminating nuisance parameters (δ or θ) indicates how 
accurately we can reproduce statistical interpretations.

*No reason why we couldn’t have marginalised the 
likelihood to compare Bayesian posterior distributions instead of profiling.  

e.g. the profiled likelihood ratio test-statistic* is used 
to set limits on new physics processes at the LHC  

HepData
Inputs for toy search 
uploaded to 

Public scipy-based code to calculate 
SL coefficients and run statistical tests 
on GitLab

https://www.hepdata.net/record/sandbox/1535641814
https://gitlab.cern.ch/SimplifiedLikelihood/SLtools


Discussion
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Can we implement this in phHF simplification routines ?

Some things to mull over

à One only needs to calculate moments in different signal region bins :

use MC (as we do in CMS) or propagate directly and use logL derivatives?

à Signal region vs control regions : For simplification, assume only 

interested in signal region (control data summarized also in co-

variance/skews) 

à If using CRs and not including in procedure, ideally use post-fit 

estimates for generating the toys (include CRs in fit but not SRs to avoid 

double counting!)



Backup slides
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Simplified likelihood log-likelihood
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Analytic simplified likelihood coefficients
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Corrections to correlations
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NSL definition of correlation modified 
due to skew term 

Ratio of ρIJ to linear correlation shows 
up to 15% correction in toy model



SL approximation for a log-normal 
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