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We present the analysis of the signature jj+ �ET (+X) via squark–squark pro-
duction and direct decay into the lightest neutralino, pp → q̃q̃� → jjχ̃0

1χ̃
0
1(+X),

in next-to-leading order QCD within the framework of the minimal supersym-
metric Standard Model.
We provide a consistent, fully differential calculation of NLO QCD factorizable
corrections to the given processes with on-shell squarks.
Clustering final states into partonic jets, we investigate the experimental inclu-
sive signature jj+ �ET and we choose for illustration several benchmark scenarios.
We compare resulting differential distributions with leading-order approxima-
tion rescaled by a flat K-factor and examine a possible impact for cut-and-count
searches for supersymmetry at the LHC.
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Table 1: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY
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Standard procedure:

Producing events with a parton shower generator and rescaling the weights with 
the global K factor from NLO QCD corrections to the total cross-section of the 
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Standard procedure:

Producing events with a parton shower generator and rescaling the weights with 
the global K factor from NLO QCD corrections to the total cross-section of the 
squark-squark production

Our procedure:

Including fully differential NLO corrections to both the decay and production, 
where in the calculation all flavour and chirality configurations of intermediate 
squarks are treated independently.
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BORN

problem of unstable particles

idea of calcultaion

overview of article

When squarks and gluino not too heavy large production cross section for colored sparticle pro-
duction. And due to PDFs for rather heavy q̃, g̃ one of the largest contributions is q̃q̃ production.

2. Method

We investigate the production of squark-squark pairs of the first two generations induced by proton-
proton collision, with subsequent decays of the squarks into lightest neutralinos. The only partonic
subprocesses that contribute are

qiqj → q̃i,aq̃j,b → qiχ̃
0
1qjχ̃

0
1 , q̄iq̄j → q̃∗i,aq̃

∗
j,b → q̄iχ̃

0
1q̄jχ̃

0
1 , (2.1)

[L: correct to put here also the c.c. process, right? ] where i, j = {u, d, c, s} denote the flavours of
the (s)quarks and a, b = {L,R} their chiralities. For the sake of clarity we will use the notation
qq′ → q̃q̃′ → qχ̃0

1q
′χ̃0

1 where the specific chiralities and flavour are not important in the discussion.
Also, we will usually drop the explicit notion of the charge conjugate subprocess, as all following
arguments hold identically. We include it however in our numerical evaluation.
In the considered process, squarks appears as intermediate particles [L: particles vs. states? i don’t
care]. In the limit Γq̃/mq̃ → 0, where Γq̃ and mq̃ are the total decay width and mass of the squarks,
their contribution from the propagators in the squared amplitude can be rewritten as following

1

(p2 −m2
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2 +m2
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2
q̃

→
π

mq̃Γq̃
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[L: define p? ] As explained in Appendix ??, in the narrow width approximation (NWA) the Born
partonic total cross section can now be expressed as
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NWA = σ̂(0)(qq′ → q̃q̃′)×BR(0)(q̃ → qχ̃0
1)× BR(0)(q̃′ → q′χ̃0

1) . (2.3)

Thus, the squarks are produced on-shell and the 2 → 2 partonic cross section at Born level is given
by σ̂(0), the respective Born level branching ratios (BR) by BR(0). In this limit we exclude off-shell
squark contributions and we can consistently consider the process as independent production of the
squarks and their following decays. Thus, the calculation can be factorized into two [L: three?? two
decays! don’t now ] steps. [L: suggest to drop: , making analytical and numerical computations.]
[P: I would drop the sentence: The Born case is anyway straightforward also without narrow width
approximation, so it can be used to estimate the numerical effects of neglecting the subleading terms
in the expansion Γ/m → 0.][L: jep, we can put a note on our other paper: ”Will be presented
elsewhere..]
[L: drop: The main goal of this work is the study of differential distributions including higher order
effects.] Due to the scalar nature of the squark and thus the lack of spin correlations between pro-
duction stage and decay stages of the considered process, at LO eq. (2.3) can directly be generalized
to a complete differential form,
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BORN

problem of unstable particles

idea of calcultaion

overview of article

When squarks and gluino not too heavy large production cross section for colored sparticle pro-
duction. And due to PDFs for rather heavy q̃, g̃ one of the largest contributions is q̃q̃ production.

2. Method

We investigate the production of squark-squark pairs of the first two generations induced by proton-
proton collision, with subsequent decays of the squarks into lightest neutralinos. The only partonic
subprocesses that contribute are

qiqj → q̃i,aq̃j,b → qiχ̃
0
1qjχ̃

0
1 , q̄iq̄j → q̃∗i,aq̃

∗
j,b → q̄iχ̃

0
1q̄jχ̃

0
1 , (2.1)

[L: correct to put here also the c.c. process, right? ] where i, j = {u, d, c, s} denote the flavours of
the (s)quarks and a, b = {L,R} their chiralities. For the sake of clarity we will use the notation
qq′ → q̃q̃′ → qχ̃0

1q
′χ̃0

1 where the specific chiralities and flavour are not important in the discussion.
Also, we will usually drop the explicit notion of the charge conjugate subprocess, as all following
arguments hold identically. We include it however in our numerical evaluation.
In the considered process, squarks appears as intermediate particles [L: particles vs. states? i don’t
care]. In the limit Γq̃/mq̃ → 0, where Γq̃ and mq̃ are the total decay width and mass of the squarks,
their contribution from the propagators in the squared amplitude can be rewritten as following

1

(p2 −m2
q̃)

2 +m2
q̃Γ

2
q̃

→
π

mq̃Γq̃
δ(p2 −m2

q̃) . (2.2)

[L: define p? ] As explained in Appendix ??, in the narrow width approximation (NWA) the Born
partonic total cross section can now be expressed as

σ̂(0)

NWA = σ̂(0)(qq′ → q̃q̃′)×BR(0)(q̃ → qχ̃0
1)× BR(0)(q̃′ → q′χ̃0

1) . (2.3)

Thus, the squarks are produced on-shell and the 2 → 2 partonic cross section at Born level is given
by σ̂(0), the respective Born level branching ratios (BR) by BR(0). In this limit we exclude off-shell
squark contributions and we can consistently consider the process as independent production of the
squarks and their following decays. Thus, the calculation can be factorized into two [L: three?? two
decays! don’t now ] steps. [L: suggest to drop: , making analytical and numerical computations.]
[P: I would drop the sentence: The Born case is anyway straightforward also without narrow width
approximation, so it can be used to estimate the numerical effects of neglecting the subleading terms
in the expansion Γ/m → 0.][L: jep, we can put a note on our other paper: ”Will be presented
elsewhere..]
[L: drop: The main goal of this work is the study of differential distributions including higher order
effects.] Due to the scalar nature of the squark and thus the lack of spin correlations between pro-
duction stage and decay stages of the considered process, at LO eq. (2.3) can directly be generalized
to a complete differential form,

dσ̂(0)

NWA
dtdφd cos(θ̃1)dφ̃1d cos(θ̃2)dφ̃2

=
dσ̂(0)

qq′→q̃q̃′

dtdφ

1

Γtot
q̃

dΓ(0)
q̃→qχ̃0

1

d cos(θ̃1)dφ̃1

1

Γtot
q̃′

dΓ(0)
q̃′→q′χ̃0

1

d cos(θ̃2)dφ̃2

. (2.4)
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Born

NLO decay
NLO production
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NLO production
For every chirality and flavour configuration:

Fully differential cross-section

p

p

q̃

q̃
′

pMSSM19,A ũL ũR d̃L d̃R g̃ χ̃0

1

mass (GeV) 339.6 394.8 348.3 392.7 414.7 299.1

Table 3: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

dσ
(1)
pp→q̃q̃′(+X) = dσvirtual+soft

pp→q̃q̃′(g) + dσcoll
pp→q̃q̃′(g) + dσhard

pp→q̃q̃′g + dσreal-quark
pp→q̃q̃′ q̄(′)

dΓ(1)
q̃→qχ̃0

1
= dΓvirtual+soft

q̃→qχ̃0
1

+ dΓcoll
q̃→qχ̃0

1(g)
+ dΓhard

q̃→qχ̃0
1g

– 2 –



NLO decay

NLO production
For every chirality and flavour configuration:

Fully differential cross-section
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NLO decay

NLO total decay width �
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NLO production
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Fully differential decay
In order to calculate the NLO corrections to the total decay width Γ(1)

q̃ , we do not need a

differential description of the decays. The six decay widths that contributes to Γ(0+1)
q̃ can be

calculated analytically as

Γ(0+1)
q̃→qχ̃0

j
= Γ(0)

[

1 +
4

3

αs

π
FQCD

(mχ̃0
j

mq̃
,
mq̃

mg̃

)]

, Γ(0+1)

q̃→q′χ̃±
j

= Γ(0)

[

1 +
4

3

αs

π
FQCD

(mχ̃±
j

mq̃
,
mq̃

mg̃

)]

,

where FQCD is a common form factor that expresses the NLO corrections. It was calculated in [43]
and here we repeat the calculation of FQCD keeping the explicit dependence on mq and λ in the
limit mq → 0. The form factor FQCD and the last steps of the calculation are shown in Appendix C.

5. Phenomenological evaluation

Let us now turn to the numerical evaluation of of the process under consideration. In the following,
first, we specify in 5.1 the input parameters and benchmark scenarios we consider in our numerical
evaluation. Then, in 5.2 a brief introduction in all considered distributions and observables is given.
Finally, in 5.3, we present our numerical results in three different ways. Firstly, we compare our
results for inclusive production of squark–squark pairs with Prospino 2 and investigate inclusive
K-factors for different chirality and flavour combinations. Secondly, we present several differential
distributions for different benchmark scenarios and center of mass energies. Thirdly, we investigate
the impact of the considered higher-order corrections on total event rates and thus on cut-and-count
searches for supersymmetry at the LHC.

5.1 Input parameters

Standard Model input parameters are chosen according to [18],

MZ = 91.1876 GeV , MW = 80.41105 GeV , GF = 1.166370× 10−5 GeV ,

mMS
b (mb) = 4.2 GeV , mt = 173.3 GeV , mτ = 1.777 GeV . (5.1)

We the CTEQ6.6 PDF sets [72] interfaced via the LHAPDF package [73] both for LO and NLO
contributions. The strong coupling constant αMS

s (µR) is also taken from this set of PDFs. Fac-
torization scale µF and renormalization scale µR are, if not stated otherwise, set to a common
value, µ = µF = µR = mq̃, with mq̃ being the average mass of all light-flavour squarks of a given
benchmark point.

For SUSY parameters, we refer to three different benchmark scenarios. First, we investigate the
well studied CMSSM parameter point SPS1a [74]. Although being excluded by recent searches at
the LHC [?,?,75] this point still serves as a valuable benchmark to compare with numerous numerical
results available in the literature. Second, we study the benchmark point CMSSM10.1.5 introduced
in [76]. Due to its larger m1/2 parameter, compared to SPS1a, squark and gluino masses are consid-
erably larger, resulting in a generally reduced production cross section at the LHC. Although not
excluded yet, this parameter point can be tested in the near future. The overall spectrum, though
shifted to larger masses, is very similar to the one of SPS1a. Third, we consider a phenomenological
benchmark point defined at the scale Q = 1 TeV. We follow the definitions of [76] where such a point
is called p19MSSM. The point we choose sits on line p19MSSM1 of [76]. It can be parametrized by
essentially two parameters: the gaugino mass parameter M1 and a unified parameter for the gluino
and the light generations sfermion soft masses M3 = m

f̃
1st/2nd gen
L/R

. All other masses and parameters

and also the soft masses for the first two generation right-handed sleptons are at a higher scale
and irrelevant for our analysis. This benchmark point is chosen to study a particular parameter
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COMBINATION

For all different combinations  of light flavours and 
chiralities, weighted events for  squark-squark 
production are produced in the LAB frame.

Weighted decay events are generated in the 
respective squark rest-frame.

“master formula”boost of decay events

Fully differential distributions of factorizable NLO 
contributions in NWA.
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NUMERICAL RESULTS
We cluster partons into jets with anti-kT algorithm, R=0.4 ATLAS and R=0.5 
CMS and we always select jets according to:

study, our results seem to be independent of this choice. After performing the jet clustering we sort
the partonic jets by their pT and we always apply a cut on the transverse momentum of the two
hardest jets and on the pseudorapidity of any jet:

pTj1/2 > 20 GeV |ηj | < 2.8, (5.2)

pTji > 50 GeV |ηj | < 3.0 (for CMS observables) . (5.3)

Cuts of 5.2 are used everywhere but in the observables used specifically by CMS (HT and αT , as
defined below).

Before showing results for the experimental signature 2j+ !ET (+X), in section 5.3.1 we compare
values for NLO total cross sections of squark-squark production, without decay included, with
results obtained using Prospino 2. In section 5.3.2 we investigate the effect of NLO corrections,
for different benchmark points, on the following differential distributions:

• the transverse momentum of the two hardest jets pT1/2,

• the pseudorapidity of the two hardest jets η1/2,

• the missing transverse energy !ET ,

• the effective mass meff =
∑

i=1,2
pTi + !ET ,

• the scalar sum of the pT of all jets (visible after cuts of eq. (5.3)), HT =
∑

i=1,2(,3)

pTi ,

• the invariant mass of the two hardest jets minv(jj),

• the cosine of the angle between the two hardest jets cosΘjj , which depends on the spin of the
produced particles and therefore might help to distinguish SUSY from other BSM models [10],

• cos Θ̂ = tanh
(

∆ηjj

2

)

, ηjj = η1 − η2, introduced in [9] as a possible observable for early spin

determination at the LHC,

• the αT variable, first defined in [80], where for hard real radiation events with three jets and
pT3 > 50 GeV, these jets are reclustered into two pseudojets by minimizing the difference of
the respective HT of the two pseudojets, as explained in [81, 82]. Furthermore, in all αT

distributions we require HT > 350 GeV as in [?].

Searches for sparticle production performed by ATLAS are based on pT, !ET and meff cuts; CMS
instead uses αT to reduce SM backgrounds. In section 5.3.3 we examine NLO corrections in the
resulting event rates after cuts. Explicitly we employ the following cuts used by ATLAS,

pTj1 > 130 GeV, pTj2 > 40 GeV, |ηj1/2 | < 2.8, ∆φ(j1/2, $!ET ) > 0.4, (5.4)

meff > 1 TeV, !ET /meff > 0.3,

in their two-jet analysis. Here,∆φ(j1/2, $!ET ) denotes the angular seperation between the two hardest
jets and the direction of missing energy. Instead the CMS signal region is defined as

pTj1/2 > 100 GeV, |ηj1 | < 2.5, |ηj2 | < 3.0, (5.5)

HT > 350 GeV, !HT / !ET < 1.25, αT > 0.55,

where !HT is calculated from $HT .
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SPS1a (14 TeV) 
Scale variation plots: µf = µr =(m/2,m,2m),     m: average squark mass 
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SPS1a; 14 TeV 
T
miss 2j + E"' q~ q~ "pp 

LO
NLO

SPS1a ũL ũR d̃L d̃R g̃ χ̃0

1

mass (GeV) 563.6 546.7 569.0 546.6 608.5 97.0

Table 1: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

10.1.5 ũL ũR d̃L d̃R g̃ χ̃0

1

mass (GeV) 1437.7 1382.3 1439.7 1376.9 1568.6 291.3

Table 2: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

We present the analysis of the signature jj+ !ET (+X) via squark–squark production and direct
decay into the lightest neutralino, pp → q̃q̃′ → jjχ̃0

1χ̃
0
1(+X), in next-to-leading order QCD within

the framework of the minimal supersymmetric Standard Model.
We provide a consistent, fully differential calculation of NLO QCD factorizable corrections to the
given processes with on-shell squarks.
Clustering final states into partonic jets, we investigate the experimental inclusive signature jj +
!ET and we choose for illustration several benchmark scenarios. We compare resulting differential
distributions with leading-order approximation rescaled by a flat K-factor and examine a possible
impact for cut-and-count searches for supersymmetry at the LHC.

pp → q̃q̃′ → qq′χ̃0
1χ̃

0
1(+X)

M =
∑

i,j∈{0,1}

Ni,j

[(k1 ± δ1,iq)2 −m2
q̃ + iΓq̃mq̃][(k2 ± δ1,jq)2 −m2

q̃ + iΓq̃mq̃]
=

∑

i,j∈{0,1}

Mi,j (1)

M′ =
∑
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N ′
i′,j′

[(k1 ± δ1,i′q)2 −m2
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q̃ + iΓq̃mq̃]
=
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prod
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|Mreal|
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∗
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prodM
′
prod)Re(M
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Figure 10: Differential distributions of benchmark point 10.1.5 at a center of mass energy
√
S = 14. In

the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by the

ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections in

the shapes are shown, defined as the full NLO divided by the rescaled LO · KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pba).
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Figure 9: Differential distributions of benchmark point SPS1a at a center of mass energy
√
S = 14. In

the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by the

ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections in

the shapes are shown, defined as the full NLO divided by the rescaled LO · KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pb).
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pT1 Emiss
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CMSSM 10.1.5 (14 TeV) 
Comparison between NLO and LO rescaled by global K-factor

SPS1a ũL ũR d̃L d̃R g̃ χ̃0
1

mass (GeV) 563.6 546.7 569.0 546.6 608.5 97.0

Table 1: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

10.1.5 ũL ũR d̃L d̃R g̃ χ̃0
1

mass (GeV) 1437.7 1382.3 1439.7 1376.9 1568.6 291.3

Table 2: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

We present the analysis of the signature jj+ �ET (+X) via squark–squark production and direct
decay into the lightest neutralino, pp → q̃q̃� → jjχ̃0

1χ̃
0
1(+X), in next-to-leading order QCD within

the framework of the minimal supersymmetric Standard Model.
We provide a consistent, fully differential calculation of NLO QCD factorizable corrections to the
given processes with on-shell squarks.
Clustering final states into partonic jets, we investigate the experimental inclusive signature jj +
�ET and we choose for illustration several benchmark scenarios. We compare resulting differential
distributions with leading-order approximation rescaled by a flat K-factor and examine a possible
impact for cut-and-count searches for supersymmetry at the LHC.
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CMSSM 10.1.5 (14 TeV) 
Comparison between NLO and LO rescaled by global K-factor:
corrections purely in the shapes
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Figure 10: Differential distributions of benchmark point 10.1.5 at a center of mass energy
√
S = 14. In

the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by the

ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections in

the shapes are shown, defined as the full NLO divided by the rescaled LO · KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pba).
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CMSSM 10.1.5 (14 TeV) 
Comparison between NLO and LO rescaled by global K-factor

SPS1a ũL ũR d̃L d̃R g̃ χ̃0
1

mass (GeV) 563.6 546.7 569.0 546.6 608.5 97.0

Table 1: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

10.1.5 ũL ũR d̃L d̃R g̃ χ̃0
1

mass (GeV) 1437.7 1382.3 1439.7 1376.9 1568.6 291.3

Table 2: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

We present the analysis of the signature jj+ �ET (+X) via squark–squark production and direct
decay into the lightest neutralino, pp → q̃q̃� → jjχ̃0

1χ̃
0
1(+X), in next-to-leading order QCD within

the framework of the minimal supersymmetric Standard Model.
We provide a consistent, fully differential calculation of NLO QCD factorizable corrections to the
given processes with on-shell squarks.
Clustering final states into partonic jets, we investigate the experimental inclusive signature jj +
�ET and we choose for illustration several benchmark scenarios. We compare resulting differential
distributions with leading-order approximation rescaled by a flat K-factor and examine a possible
impact for cut-and-count searches for supersymmetry at the LHC.
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p19MSSM1 (14 TeV) 
Comparison between NLO and LO rescaled by global K-factor:
corrections purely in the shapes
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Figure 11: Differential distributions of benchmark point p19MSSM1 at a center of mass energy
√
S = 14.

In the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by

the ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections

in the shapes are shown, defined as the full NLO divided by the rescaled LO ·KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pba).
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Figure 11: Differential distributions of benchmark point p19MSSM1 at a center of mass energy
√
S = 14.

In the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by

the ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections

in the shapes are shown, defined as the full NLO divided by the rescaled LO ·KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pba).
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p19MSSM1 ũL ũR d̃L d̃R g̃ χ̃0

1

mass (GeV) 339.6 394.8 348.3 392.7 414.7 299.1

Table 3: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.
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Effect on cut-and-count searches performed by ATLAS.

5.3.3 Event rates

After investigating inclusive cross sections and differential distributions we now want to study
event rates, i.e., fractionally integrated differential distributions. In this way we want to quantify a
possible impact of our calculation on current searches for supersymmetry and future measurements
of event rates at the LHC.

In table 7 we list cross sections after applying cuts of eq. (5.4) and in table 8 cross sections after
applying cuts of eq. (5.5). We show LO and NLO cross sections for all three benchmark points and
all three energies together with resulting K-factors. For comparison we again list inclusive K-factors
of just production, already shown in table 5. From these results a fully differential description of
all squark and gluino channels including NLO effects in production and decay seems inevitable for
a conclusive interpretation of SUSY searches (or signals) at the LHC. For any study of compressed
spectra, like p19MSSM1, this seems to be eminent. Furthermore, as already suggested in [84] and
expected from the differential distributions shown in section 5.3.2, particularly interpretations based
on αT seem to be highly effected by higher order corrections.

benchmarkpoint Energy [TeV] N
(0)
ATLAS N

(0+1)
ATLAS KNATLAS Kpp→q̃q̃′

7 0.066pb 0.083pb 1.26 1.37
SPS1a 8 0.097pb 0.121pb 1.25 1.35

14 0.347pb 0.424pb 1.22 1.28

7 0.313 fb 0.503 fb 1.61 1.57
10.1.5 8 0.861 fb 1.344 fb 1.56 1.52

14 13.82 fb 19.77 fb 1.43 1.40

7 0.140 fb 20.76 fb ∼ 150 1.40
p19MSSM1 8 0.339 fb 37.96 fb ∼ 110 1.39

14 0.0044pb 0.264pb ∼ 60 1.34

Table 7: LO N (0)
ATLAS and NLO N (0+1)

ATLAS cross section predictions and K-factors KNATLAS for the three

benchmark scenarios SPS1a, 10.1.5, p19MSSM1 and center of mass energies
√
S = 7, 8, 14 TeV where the

cuts of eq. (5.4) are applied.

benchmarkpoint Energy [TeV] N
(0)
CMS N

(0+1)
CMS KNCMS Kpp→q̃q̃′

7 0.112pb 0.141pb 1.26 1.37
SPS1a 8 0.157pb 0.197pb 1.25 1.35

14 0.488pb 0.614pb 1.26 1.28

7 0.201pb 0.261pb 1.30 1.57
10.1.5 8 0.542 fb 0.674 fb 1.24 1.52

14 8.129 fb 8.884 fb 1.09 1.40

7 10−6 pb 0.095pb O(104) 1.40
p19MSSM1 8 10−6 pb 0.151pb O(104) 1.39

14 2 · 10−5 pb 0.687pb O(104) 1.34

Table 8: LO N (0)
ATLAS and NLO N (0+1)

ATLAS cross section predictions and K-factors KNATLAS for the three

benchmark scenarios SPS1a, 10.1.5, p19MSSM1 and center of mass energies
√
S = 7, 8, 14 TeV where the

cuts of eq. (5.5) are applied.
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realistic prediction on the level of partonic jets 5. In general we use a jet radius of R = 0.4, as
in the SUSY searches performed by the ATLAS collaboration [?]. CMS instead uses a radius of
R = 0.5 [?]. We employ R = 0.5 in the distributions and signatures used by CMS (i.e. particularly
the αT distribution as described below). Although we did not perform a systematic study, our
results seem to be independent of this choice. After performing the jet clustering we sort the
partonic jets by their pT and in the following anaysis we keep only jets with

pTj1/2 > 20 GeV |ηj | < 2.8, (5.2)

pTji > 50 GeV |ηj | < 3.0 (for CMS observables) . (5.3)

Cuts of eq. (5.2) are used everywhere but in the observables used specifically by CMS (αT , as
defined below), where cuts of eq. (5.3) .

Before showing results for the experimental signature 2j+ !ET (+X), in section 5.3.1 we compare
values for NLO total cross sections of squark-squark production, without decay included, with
results obtained using Prospino 2. In section 5.3.2 we investigate the effect of NLO corrections,
for different benchmark points, on the following differential distributions:

• the transverse momentum of the two hardest jets pT1/2,

• the pseudorapidity of the two hardest jets η1/2,

• the missing transverse energy !ET ,

• the effective mass meff =
∑

i=1,2
pTi + !ET ,

• the scalar sum of the pT of all jets (visible after cuts of eq. (5.3)), HT =
∑

i=1,2(,3)

pTi ,

• the invariant mass of the two hardest jets minv(jj),

• the cosine of the angle between the two hardest jets cosΘjj , which depends on the spin of the
produced particles and therefore might help to distinguish SUSY from other BSM models [10],

• cos Θ̂ = tanh
(

∆ηjj

2

)

, ηjj = η1 − η2, introduced in [9] as a possible observable for early spin

determination at the LHC,

• the αT variable, first defined in [80], where for hard real radiation events with three jets and
pT3 > 50 GeV, these jets are reclustered into two pseudojets by minimizing the difference of
the respective HT of the two pseudojets, as explained in [81, 82]. Furthermore, in all αT

distributions we require HT > 350 GeV as in [?].

Searches for sparticle production performed by ATLAS are based on pT, !ET and meff cuts; CMS
instead uses αT to reduce SM backgrounds. In section 5.3.3 we examine NLO corrections in the
resulting event rates after cuts. Explicitly we employ the following cuts used by ATLAS,

pTj1 > 130 GeV, pTj2 > 40 GeV, |ηj1/2 | < 2.8, ∆φ(j1/2, $!ET ) > 0.4, (5.4)

meff > 1 TeV, !ET /meff > 0.3,

in their two-jet analysis. Here,∆φ(j1/2, $!ET ) denotes the angular seperation between the two hardest
jets and the direction of missing energy. Instead the CMS signal region is defined as

pTj1/2 > 100 GeV, |ηj1 | < 2.5, |ηj2 | < 3.0, (5.5)

HT > 350 GeV, !HT / !ET < 1.25, αT > 0.55,

5With the term partonic jets we mean that the jet-clustering-algorithm has been applied to events as produced
from our calculation. No QCD showering or hadronization is included in the simulation.
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Signal Region:



CONCLUSION

We provide a consistent fully differential calculation of factorizable NLO 
QCD corrections in NWA for squark-squark production and decay.

Thank you for the attention.

NLO corrections are, in general, important for precise description of 
physical observables.

Fully differential NLO QCD prediction of production and decay for all 
squark/gluino channels are desirable. 

In particular cases they can be essential for realistic description.
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all three energies together with resulting K-factors. For comparison we again list inclusive K-factors
of just production, already shown in table 5. From these results a fully differential description of
all squark and gluino channels including NLO effects in production and decay seems inevitable for
a conclusive interpretation of SUSY searches (or signals) at the LHC. For any study of compressed
spectra, like p19MSSM1, this seems to be eminent. Furthermore, as already suggested in [84] and
expected from the differential distributions shown in section 5.3.2, particularly interpretations based
on αT seem to be highly effected by higher order corrections.
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ATLAS cross section predictions and K-factors KNATLAS for the three
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Signal Region:
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in the SUSY searches performed by the ATLAS collaboration [?]. CMS instead uses a radius of
R = 0.5 [?]. We employ R = 0.5 in the distributions and signatures used by CMS (i.e. particularly
the αT distribution as described below). Although we did not perform a systematic study, our
results seem to be independent of this choice. After performing the jet clustering we sort the
partonic jets by their pT and in the following anaysis we keep only jets with

pTj1/2 > 20 GeV |ηj | < 2.8, (5.2)
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Cuts of eq. (5.2) are used everywhere but in the observables used specifically by CMS (αT , as
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Before showing results for the experimental signature 2j+ !ET (+X), in section 5.3.1 we compare
values for NLO total cross sections of squark-squark production, without decay included, with
results obtained using Prospino 2. In section 5.3.2 we investigate the effect of NLO corrections,
for different benchmark points, on the following differential distributions:

• the transverse momentum of the two hardest jets pT1/2,
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• the cosine of the angle between the two hardest jets cosΘjj , which depends on the spin of the
produced particles and therefore might help to distinguish SUSY from other BSM models [10],

• cos Θ̂ = tanh
(
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)

, ηjj = η1 − η2, introduced in [9] as a possible observable for early spin

determination at the LHC,

• the αT variable, first defined in [80], where for hard real radiation events with three jets and
pT3 > 50 GeV, these jets are reclustered into two pseudojets by minimizing the difference of
the respective HT of the two pseudojets, as explained in [81, 82]. Furthermore, in all αT

distributions we require HT > 350 GeV as in [?].

Searches for sparticle production performed by ATLAS are based on pT, !ET and meff cuts; CMS
instead uses αT to reduce SM backgrounds. In section 5.3.3 we examine NLO corrections in the
resulting event rates after cuts. Explicitly we employ the following cuts used by ATLAS,

pTj1 > 130 GeV, pTj2 > 40 GeV, |ηj1/2 | < 2.8, ∆φ(j1/2, $!ET ) > 0.4, (5.4)

meff > 1 TeV, !ET /meff > 0.3,

in their two-jet analysis. Here,∆φ(j1/2, $!ET ) denotes the angular seperation between the two hardest
jets and the direction of missing energy. Instead the CMS signal region is defined as

pTj1/2 > 100 GeV, |ηj1 | < 2.5, |ηj2 | < 3.0, (5.5)

HT > 350 GeV, !HT / !ET < 1.25, αT > 0.55,

5With the term partonic jets we mean that the jet-clustering-algorithm has been applied to events as produced
from our calculation. No QCD showering or hadronization is included in the simulation.
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benchmark
√

S [TeV] σ
(0)
pp→q̃q̃′ Kpp→q̃q̃′ K

Prospino
pp→q̃q̃′ σ

(0)
2j+E/T (+X) K2j+E/T (+X)

7 1.02pb 1.37 1.41 0.37pb 1.41
SPS1a 8 1.49pb 1.35 1.40 0.53pb 1.40

14 5.31pb 1.28 1.38 1.74pb 1.36

7 0.90 fb 1.57 1.60 0.45 fb 1.61
10.1.5 8 2.62 fb 1.52 1.54 1.24 fb 1.56

14 50.04 fb 1.40 1.41 20.41 fb 1.44

7 7.90pb 1.40 1.37 6.31pb 1.50
p19MSSM1 8 10.48pb 1.39 1.37 8.35pb 1.50

14 29.01pb 1.34 1.39 22.60pb 1.47

Table 5: LO cross sections σ(0)
pp→q̃q̃′ and NLO K-factors for inclusive squark-squark production from our

computation, Kpp→q̃q̃′ , from Prospino 2, KProspino
pp→q̃q̃′ , LO cross sections of inclusive combined squark-squark

production σ(0)
2j+E/T (+X) and corresponding K-factor K2j+E/T (+X) for the three benchmark scenarios SPS1a,

10.1.5, p19MSSM1 and center of mass energies
√
S = 7, 8, 14 TeV. In the combined predictions cuts of

eq. (5.2) are applied.

channel σ
(0)
pp→q̃q̃′ σ

(0+1)
pp→q̃q̃′ Kpp→q̃q̃′ σ

(0)
2j+E/T (+X) σ

(0+1)
2j+E/T (+X) K2j+E/T (+X)

[fb] [fb] [fb] [fb]

ũLũL 7.08 9.44 1.33 1.22 · 10−3 1.68 · 10−3 1.38
ũRũR 8.64 11.5 1.33 8.25 11.36 1.38

d̃Ld̃L 1.07 1.44 1.36 2.82 · 10−4 3.96 · 10−4 1.40
d̃Rd̃R 1.39 1.88 1.35 1.33 1.84 1.39
ũLũR 6.00 8.49 1.42 7.78 · 10−2 11.33 · 10−2 1.45

d̃Ld̃R 8.20 · 10−1 1.19 1.45 1.32 · 10−2 1.96 · 10−5 1.49
ũLd̃L 8.25 11.9 1.44 1.76 · 10−3 2.62 · 10−3 1.49
ũRd̃R 10.5 15.1 1.44 10.00 14.92 1.49
ũLc̃L 3.28 · 10−1 4.33 · 10−1 1.32 5.65 · 10−5 7.73 · 10−5 1.37
ũRc̃R 4.29 · 10−1 5.74 · 10−1 1.34 4.09 · 10−1 5.68 · 10−1 1.39

d̃Ls̃L 1.95 · 10−1 2.75 · 10−1 1.41 5.16 · 10−5 7.5097 · 10−5 1.46
d̃Rs̃R 2.71 · 10−1 3.87 · 10−1 1.42 2.59 · 10−1 3.82 1.48
ũLd̃R 2.44 3.50 1.44 3.16 · 10−2 4.67 · 10−2 1.48
ũRd̃L 2.40 3.46 1.44 3.87 · 10−2 5.70 · 10−2 1.48
ũLc̃R 1.69 · 10−1 2.39 · 10−1 1.41 2.19 · 10−3 3.18 · 10−3 1.46
d̃Ls̃R 9.51 · 10−2 1.39 · 10−1 1.46 1.52 · 10−3 2.29 · 10−3 1.50

sum 50.04 69.86 1.40 20.41 29.32 1.44

Table 6: For the benchmark point 10.1.5 and a center of mass energy of
√
S = 14 TeV inclusive production

cross sections at LO σ(0)
pp→q̃q̃′ and NLO σ(0+1)

pp→q̃q̃′ together with the corresponding K-factors Kpp→q̃q̃′ are listed

for all different flavour and chirality channels (as explained in the text). Also listed for all channels are LO

σ(0)
2j+E/T (+X) and NLO σ(0+1)

2j+E/T (+X) predictions of combined production and decay and the corresponding

K-factor K2j+E/T (+X) where the cuts of eq. (5.2) are applied. All cross sections are given in fb.

For benchmark point SPS1a plots are shown in figure 7, for 10.1.5 in figure 8 and for p19MSSM1 in
figure 9. We present distributions in pT1 , p

T
2 , meff, !ET (all in fb/GeV), where the ATLAS jet choice

R = 0.4 and cuts of eq. (5.2) are applied. Also distributions in HT (in fb/GeV) and in αT (in pba)
are displayed, where the CMS jet choice R = 0.5 and corresponding cuts of eq. (5.2) are applied.
In the αT distribution, events are reclustered into two pseudojets and a cut of HT > 350 GeV is

– 19 –

CMSSM 10.1.5 (14 TeV) 
Contributions of the different flavour and chirality configurations 
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Figure 11: Differential distributions of benchmark point p19MSSM1 at a center of mass energy
√
S = 14.

In the upper part of the plots we show in black LO, in red NLO and in blue LO distributions rescaled by

the ratio KNLO between the integrated NLO and LO results. In the lower part of the plots NLO corrections

in the shapes are shown, defined as the full NLO divided by the rescaled LO ·KNLO distribution. From top

left to bottom right we show differential distributions in pT1 , p
T
2 , meff, "ET , HT (all in fb/GeV) and in αT

(in pba).
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αT

p19MSSM1 (14 TeV) 
Comparison between NLO and LO rescaled by global K-factor:
corrections purely in the shapes
p19MSSM1 ũL ũR d̃L d̃R g̃ χ̃0

1

mass (GeV) 339.6 394.8 348.3 392.7 414.7 299.1

Table 3: On-shell masses of the squarks, the gluino, and the lightest neutralino within the different SUSY

scenarios considered. All masses are given in GeV.

dσ
(1)
pp→q̃q̃′(+X) = dσvirtual+soft

pp→q̃q̃′(g) + dσcoll
pp→q̃q̃′(g) + dσhard

pp→q̃q̃′g + dσreal-quark
pp→q̃q̃′ q̄(′)

dΓ(1)
q̃→qχ̃0

1
= dΓvirtual+soft

q̃→qχ̃0
1(g)

+ dΓcoll
q̃→qχ̃0

1(g)
+ dΓhard

q̃→qχ̃0
1g
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