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Dijet Mass and Fit
• We fit the data with the function with 4 parameters.

• We get a good fit.
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2.8 Dijet Mass Spectrum and Fit 27

The parameterizations are listed in equation 3.371
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The default three parameter fit is motivated by QCD. It includes a power law fall off with mass372

in the denominator, motivated by the QCD matrix element. It also has a term in the numerator373

motivated by the parton distribution fall off with fractional momentum (1− m/
√

s)P1 (where374 √
s = 7000 GeV is the center-of-mass energy). This three parameter function was used by CDF375

in run IA. We find that the default fit gives a good χ2/DF of 17.1/18 (probability 52%), and this376

is the best fit we can find of our data.377

We have also explored three alternate parameterizations. All parameterizations have a power378

law in them, because without a power law we cannot get a good fit with only 2, 3 or 4 pa-379

rameters. A 2-parameter fit with just a power law and a constant, p0/mp1 , gives a reasonable380

fit χ2/DF = 19.3/19 (probabilty 44%), but we have been advised to only consider parame-381

terizations with the same number of parameters as our default fit or greater, in order to have382

reasonable flexibility in the fit parameterization. The 2-parameter fit has only one shape pa-383

rameter. Alternate fit A is a 3-parameter fit with a modified power law, obtained by simply384

adding an offset to the mass, and we get a good fit with χ2/DF = 17.9/18 (probability 46%).385

Alternate fit B is a 4-parameter fit very much like our default fit, but we have added a term386

quadratic in m/
√

s to the term in the numberator to give the fit a little more flexibility to de-387

scribe data at high mass tails. This 4 parameter function was used by CDF in run IB [16]. We388

find that this function gives a good fit to our data, with χ2/DF of 16.8/17 (probability 47%).389

Alternate fit C is another 4 parameter function which again has our characteristic numerator390

and denominator but includes another term in the power of the power law, again just to give391

the fit more flexibiliity. This 4 parameter function was used by CDF in run II [14]. Again we392

find this function ives a good fit to our data, with χ2/DF of 16.8/17 (probability 47%).393

Figure 18 shows the fractional differences between data and the fit function, (data-fit)/fit, and394

the pulls, (data-fit)/error, for all four fits.395

Notice from both Fig. 17 and 18 that the largest difference from the default 3-parameter fit396

occurs when using the alternate fit A with 3 parameters. We will use this alternate 3-parameter397

function from fit A to find our systematic uncertainty on the background due to the fit parame-398

terization. Notice that there is very little difference between the default 3-parameter fit and the399

alternate 4-parameter fits which were introduced to give the 3-parameter fit more flexibility.400

From this we conclude that no more flexibility is needed to fit this data, and we have found the401

best possible smooth fit with a few parameters. When using these parameterizations to find402

systematic uncertainties on the background we do not find as large a systematic as with the403

alternate 3-parameter function.404
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2.8 Dijet Mass Spectrum and Fit 27

The parameterizations are listed in equation 3.371
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The default three parameter fit is motivated by QCD. It includes a power law fall off with mass372

in the denominator, motivated by the QCD matrix element. It also has a term in the numerator373

motivated by the parton distribution fall off with fractional momentum (1− m/
√

s)P1 (where374 √
s = 7000 GeV is the center-of-mass energy). This three parameter function was used by CDF375

in run IA. We find that the default fit gives a good χ2/DF of 17.1/18 (probability 52%), and this376

is the best fit we can find of our data.377

We have also explored three alternate parameterizations. All parameterizations have a power378

law in them, because without a power law we cannot get a good fit with only 2, 3 or 4 pa-379

rameters. A 2-parameter fit with just a power law and a constant, p0/mp1 , gives a reasonable380

fit χ2/DF = 19.3/19 (probabilty 44%), but we have been advised to only consider parame-381

terizations with the same number of parameters as our default fit or greater, in order to have382

reasonable flexibility in the fit parameterization. The 2-parameter fit has only one shape pa-383

rameter. Alternate fit A is a 3-parameter fit with a modified power law, obtained by simply384

adding an offset to the mass, and we get a good fit with χ2/DF = 17.9/18 (probability 46%).385

Alternate fit B is a 4-parameter fit very much like our default fit, but we have added a term386

quadratic in m/
√

s to the term in the numberator to give the fit a little more flexibility to de-387

scribe data at high mass tails. This 4 parameter function was used by CDF in run IB [16]. We388

find that this function gives a good fit to our data, with χ2/DF of 16.8/17 (probability 47%).389

Alternate fit C is another 4 parameter function which again has our characteristic numerator390

and denominator but includes another term in the power of the power law, again just to give391

the fit more flexibiliity. This 4 parameter function was used by CDF in run II [14]. Again we392

find this function ives a good fit to our data, with χ2/DF of 16.8/17 (probability 47%).393

Figure 18 shows the fractional differences between data and the fit function, (data-fit)/fit, and394

the pulls, (data-fit)/error, for all four fits.395

Notice from both Fig. 17 and 18 that the largest difference from the default 3-parameter fit396

occurs when using the alternate fit A with 3 parameters. We will use this alternate 3-parameter397

function from fit A to find our systematic uncertainty on the background due to the fit parame-398

terization. Notice that there is very little difference between the default 3-parameter fit and the399

alternate 4-parameter fits which were introduced to give the 3-parameter fit more flexibility.400

From this we conclude that no more flexibility is needed to fit this data, and we have found the401

best possible smooth fit with a few parameters. When using these parameterizations to find402

systematic uncertainties on the background we do not find as large a systematic as with the403

alternate 3-parameter function.404
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Fit and Signal
• We search for dijet resonance signal in our data.

• Excited quark signals are shown at 0.5 TeV and 0.7 TeV.

• String resonance signal is shown at 1 TeV. and 1.4 TeV.
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Early Limits with Statistical Uncertainties 
Only
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• Our result at 1.3 TeV
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22 32. Statistics

Table 32.3: Lower and upper (one-sided) limits for the mean ν of a Poisson
variable given n observed events in the absence of background, for confidence levels
of 90% and 95%.

1 − α =90% 1 − α =95%

n νlo νup νlo νup

0 – 2.30 – 3.00
1 0.105 3.89 0.051 4.74
2 0.532 5.32 0.355 6.30
3 1.10 6.68 0.818 7.75
4 1.74 7.99 1.37 9.15
5 2.43 9.27 1.97 10.51
6 3.15 10.53 2.61 11.84
7 3.89 11.77 3.29 13.15
8 4.66 12.99 3.98 14.43
9 5.43 14.21 4.70 15.71

10 6.22 15.41 5.43 16.96

For the case of binomially distributed n successes out of N trials with probability of
success p, the upper and lower limits on p are found to be

plo =
nF−1

F [αlo; 2n, 2(N − n + 1)]
N − n + 1 + nF−1

F [αlo; 2n, 2(N − n + 1)]
, (32.50a)

pup =
(n + 1)F−1

F [1 − αup; 2(n + 1), 2(N − n)]
(N − n) + (n + 1)F−1

F [1 − αup; 2(n + 1), 2(N − n)]
. (32.50b)

Here F−1
F is the quantile of the F distribution (also called the Fisher–Snedecor

distribution; see Ref. [4]).

32.3.2.5. Difficulties with intervals near a boundary:
A number of issues arise in the construction and interpretation of confidence intervals

when the parameter can only take on values in a restricted range. An important example
is where the mean of a Gaussian variable is constrained on physical grounds to be
non-negative. This arises, for example, when the square of the neutrino mass is estimated
from m̂2 = Ê2 − p̂2, where Ê and p̂ are independent, Gaussian distributed estimates of
the energy and momentum. Although the true m2 is constrained to be positive, random
errors in Ê and p̂ can easily lead to negative values for the estimate m̂2.
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(7.75 event)/(50 nb^-1) = 
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Systematics

• Total systematic 
uncertainty varies 
from 19% to 41% 
depending on 
resonance mass.
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Effect of Systematics on Limit
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Limit for qg resonances

• We excluded 

✓ String resonances 
of mass M<1.45 
TeV at 95% CL.

✓ Excited quark of 
mass M<0.52 
TeV at 95% CL.
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