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» Motivation

® Theoretical status

® Soft gluon effects
® appearence in theoretical expressions

# systematic treatment to any order in as (resummation)
® Application of resummation to coloured sparticle hadroproduction

® Predictions for corrections due to soft gluon emission for gg and g at the LHC
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Supersymmetry is one the best theoretically motivated extensions of the Standard Model

— Solves the hierarchy problem: SUSY loop corrections cancel SM corrections

— “Fits like a glove” to EW precision mea-

surements
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— Provides a dark matter candidate
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H® MSSM: minimal content of SUSY particles + R—parity conservation

® At the LHC dominant sparticle production channels involve squarks (¢) and
gluinos (g) in the final state (g, Gg, Gg, gg pairs)
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® Cascade decays to LSPs, e.g:

® Long decay chains and large mass differences
= many energetic particles (decay products) observed

® |f R—parity conserved, LSP stable, escapes detection = observed as
imbalance of energy measured in the transverse direction to the beam

SUSY searches: events with at least 4 jets and missing transverse energy (Zr)
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Production cross sections large = “easy” SUSY discovery
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» SUSY to be seen at the LHC in 20107

® squarks and gluino discovery possible for masses up to ~ 2 TeV
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® |f SUSY is discovered, need to determine SUSY parameters to discriminate
between models

® Otherwise, need to derive limits
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® |f SUSY is discovered, need to determine SUSY parameters to discriminate
between models

® Otherwise, need to derive limits

® Mass spectrum determination
# through measurement of the invariant mass distributions (endpoints,
resonance peaks) or just all visible momenta for every SUSY event

# can be difficult in long decay chains
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a0k ;L — TH E
£ — 100 f6" error
D ---- TH +15%
j . Egils% +100%BG ]
30f 1 E Points from the FP/HB region of
5 8 ; MSUGRA parameter space
° 2012 (tan 8 = 30, Ag =0, Q; h? ~0.11)
] Sets of cuts (njets > 7, Nh—jets > 2,
ofF | | ] HEr + Zleptﬂ.ets > 1400 GeV)

2000

Theoretical uncertainty:
$» renormalization/factorization scale dependence

® variations in the squark masses (2 — 5 TeV)

= 8 % error on gluino mass determination claimed
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° 2012 (tan 8 = 30, Ag =0, Q; h? ~0.11)
] Sets of cuts (njets > 7, Nh—jets > 2,
ofF | | ] HEr + Zleptﬂ.ets > 1400 GeV)

2000

Theoretical uncertainty:
$» renormalization/factorization scale dependence

® variations in the squark masses (2 — 5 TeV)

= 8 % error on gluino mass determination claimed

“The precision will increase if an NNLO computation of gluino pair production is made”
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® Total cross sections for sparticle production useful for mass determination /
crucial for exclusion limits

® Important to know them with high precision
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® hiho — Gq
LO partonic level: gg — ¢

4, 49 — 44, 99 — 4q
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® hiha — §q
LO partonic level: ¢¢ — Gq, gg — 4G, gg — Gq

® hih2 — gg
LO partonic level: g — gg, g¢g — g9, g9 — gg
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® NLO corrections
® SUSY-QCD corrections — O(a?)
® EW corrections — O(a2a)
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® NLO corrections
® SUSY-QCD corrections — O(a?)
® EW corrections — O(a2a)

® For gg production, tree-level EW effects:
o Tree-level QCD-EW interference — O(aas)

# Tree-level photon-induced (yg — Gq) contributions — O (o)

® Tree-level EW — O(a?)
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= Increase of the cross sections due to NLO SUSY-QCD corrections over the
whole range of masses covered by the LHC = mass shifts from ~10 to ~100 GeV

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 12/35



1.5

|

lll‘lll‘lll‘lll

200 400 600 800 1000

ma [GeV]

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 13/35



‘lll

800 1000

ma [GeV]

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 13/35

‘lll

800 1000

ma [GeV]




i ‘ [ [ [ ‘ [ [ [ ‘ [ [ [ ‘ [ I I ] i ‘ I I I ‘ [ [ [ ‘ [ [ I I I I ]
2 - K ] 2.523 N
i mymg= U 7
15 (120 —
1 L N
‘ | | | ‘ | | | ‘ | | | ‘ | | | ] i ‘ | | | ‘ | | | ‘ | | | ‘ | | | |

2000 400 600 800 1000 2000 400 600 800 1000
m; [GeV] m; [GeV]

= Large K factors, specially for gg

Note: assume all squarks (¢r,Gr) mass degenerate; no final state stops =
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#® 100 % correction to o33 at mgz = 1TeV; 30% correction to o5z at mg = 1TeV
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#® 100 % correction to o33 at mgz = 1TeV; 30% correction to o5z at mg = 1TeV

® Large masses of squarks and gluons
= often production close to threshold 5 ~ 4m~
= real emission forced to be predominantly soft
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°

100 % correction to o35 at mgz = 1 TeV; 30% correction to oz at mg = 1 TeV

Large masses of squarks and gluons
= often production close to threshold 5 ~ 4m~
= real emission forced to be predominantly soft

Demonstrated by the appearence of terms with powers of log (1 — 4”33'2) in the

expressions for cross sections
— the closer to threshold the more important the logarithmic terms
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°

>

100 % correction to o35 at mgz = 1 TeV; 30% correction to oz at mg = 1 TeV

Large masses of squarks and gluons
= often production close to threshold 5 ~ 4m~
= real emission forced to be predominantly soft

Demonstrated by the appearence of terms with powers of log (1 — 4”33'2) in the
expressions for cross sections

— the closer to threshold the more important the logarithmic terms
Additionally, for gg production

® both gg initial state (prevalent contribution) and gg final state radiate

strongly: C'4 colour charge
— expect a lot of (soft) gluon radiation
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® Seen already at NLO: at threshold

R N 3 29 3 11
PRCTR 47T048059(L§§{ 92 log™(86° )—4—10g(85 )—2—log(86 ) log (nﬁ;>+166}
with 62 — gg—>gg ~ élagﬂ%
g
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® Seen already at NLO: at threshold

R N 3 29 3 11
PRCTR 47T048059(L§§{ 92 log™(86° )—4—10g(85 )—2—log(86 ) log (nﬁ;>+166}
with 62 — gg—>gg ~ élagﬂ%
g

® Two types of effects:
# Soft gluon emission — log?(3°), log(3°)

#® Exchange of long-range Coulomb gluons between the slowly moving
massive particles — 1/3
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® Seen already at NLO: at threshold

- . 3 29 3 11
JI;gL_O@g 47TOéSO'LQO_>g§{27T2 log” (83 )——log(86 )—ﬁlog(862)log (775;>+166}
27 2 8
gg—>gg ™~ 64 O‘sﬁ_g

® Two types of effects:
# Soft gluon emission — log?(3°), log(3°)

#® Exchange of long-range Coulomb gluons between the slowly moving
massive particles — 1/3

[In the limit of 3 — 0 convergence of fixed-order expansion spoiledj
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In general, in the IR region

GNLO NZ/dCPLO\MLO\Q/dCD(l)Vi,j [@gs(...,pi,pj,...)—@gs(...,pi—I—pj,...)]
]

Born level singular phase-space conditions
process independent
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In general, in the IR region

GNLO NZ/dCPLO\MLO\Q/dCD(l)Vi,j [@gs(...,pi,pj,...)—@gs(...,pi—I—pj,...)]
]

Born level singular phase-space conditions
process independent

® V; ; singular in the soft and colinear limit
Dy

DPgt Dy
Py
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In general, in the IR region

5NLO NZ/CZ@LO\MLO\Q/d@(l)%,j [@J@S(---,pi,pg’,---) —@gs(---,pﬁpja---)]
i\

Born level singular phase-space conditions
process independent

® V; ; singular in the soft and colinear limit
Dy

DPgt Dy
Py

X @1@5 ~ @gs in the soft and collinear region (IR and collinear safety)

® In other regions of phase space, real and virtual contributions can be highly unbalanced
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In general, in the IR region

GNLO NZ/dCPLO\MLO\Q/dCD(l)Vi,j [@gs(...,pi,pj,...)—@gs(...,pi—I—pj,...)]
]

Born level singular phase-space conditions
process independent

® V; ; singular in the soft and colinear limit
Dy

DPgt Dy
Py

X @1@5 ~ @gs in the soft and collinear region (IR and collinear safety)

°

In other regions of phase space, real and virtual contributions can be highly unbalanced

$» Single-gluon emission probability (1 — z = fraction of energy carried out by the gluon):

1 1 1
dw(2) ~ Qg [ In } = / dz dw(2) ~ aglog?(1 — )
+ T

dz 1—2z 1—2z dz

= if £ — 1 then double logarithmic divergences (soft and collinear limit)

® Factorization properties in the IR limit: double logarithmic structure carries to all orders
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At n-th order in a5 (wrt. LO) logarithmic contributions at threshold of the form
ag log™(6%)

[ reorganization of the perturbative series = resummation ]
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At n-th order in a5 (wrt. LO) logarithmic contributions at threshold of the form
ag log™(6%)

[ reorganization of the perturbative series = resummation ]

Schematically

NLO :ozs< cizlog® (6%) |+ culog (6%) |+| cio )

NNLO : a?( 02410g4 (52) + C1310g3 (62) + 622log2 (62) +)
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At n-th order in a5 (wrt. LO) logarithmic contributions at threshold of the form
ag log™(6%)

[ reorganization of the perturbative series = resummation ]

Schematically

NLO :ozs< cizlog® (6%) |+ culog (6%) |+| cio )

NNLO : a?( 02410g4 (52) + C1310g3 (62) + 622log2 (62) +)

LL NLL NNLL
oy log2” oy logQ”_1 oy logQ”_2
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At n-th order in a5 (wrt. LO) logarithmic contributions at threshold of the form
ag log™(6%)

[ reorganization of the perturbative series = resummation ]

Schematically

NLO :ozs< cizlog® (6%) |+ culog (6%) |+| cio )

NNLO : a?( 02410g4 (52) + C1310g3 (62) + 622log2 (62) +)

LL NLL NNLL
oy log2” oy logQ”_1 oy logQ”_2

® Each “order”; infinite number of terms

® Proven: Such reorganized series of terms sums up — exponentiate

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 17/35



Generic hard scattering process:

G(z) ~ 60

dwn (21, ..., "
l—I—Z/ dz1...dzn, wd(zl F )@ggs)(z 21y ey Zn)

Zn

$» Dynamical factorization (universal, process independent)

QCD: gluon emission correlated (colour charge) but in the soft limit QED-like factorization

dwn (21, -.ey Zn) 1 ﬁ dw(z
dz1...dzn n! bl
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Generic hard scattering process:

dwn (21, ..., n
G(z) ~ 69 1—|—Z/ dz1...dzn d(21d )@ggs)(z,zl,...,zn)

Zn

$» Dynamical factorization (universal, process independent)

QCD: gluon emission correlated (colour charge) but in the soft limit QED-like factorization

dwn (21, -.ey Zn) 1 ﬁ dw(z
dz1...dzn n! bl

® Phase—space factorization depends on the process: © pg contains kinematical
constraints defining physical cross section

@gﬁ%(z,zh oy Zn) = H Ops(z, zi)

> 1 1 d : n 1 dw(z’
G(z) Né’o{1+ Z — l/() dz; Z(zZ)@PS(z’Zi)] }Né’oexp l/z dz’ L;(Z/ )@Ps(z,z,)] ~ &g exp [aSL2—|—...}

| .
n—1 ! z; z

®» In practice phase—space factorization often occurs in the space conjugate to the space of
kinematic variables
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Resummation of threshold logarithms is carried out in the Mellin moment space,
where the cross section factorizes:

(g(N) _ fol dz 2N -1 g(z))

N N+1 N+1) (N)
o = Zf(/hl) j(/h (wr)o;;  (1r)

and the logarithmic terms exponentiate
&™) = 55N Cexp(S)
(C contains finite contributions)

S = Lfi(as L)+ fo(as L) + asfs(as L) + ... L =1In(N)
LL NLL NNLL
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= In general, resummation follows from factorization

(factorization = evolution eq. =
exponentiation)

Schematically, in the space of Mellin moments:

O-(N) — H(pl/:uJPQ/:U‘aCZ)S(Q/MNa C@)Al(p1C1/N,Q/,UN)AQ(]?QCQ/,U,Q/,UN)
d d d d
,u@a = 0 = ,u@lnH:—'yH M@InA:—'yA ,u@lnS:—'yS
(va+vs+Y_ va = 0)

S(Qs/1) = S(1) exp [— /Q ' %Ws(ﬂ)]
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Drell-Yan, Higgs, ...

() — 66N 0y A A A

Uzj O 1] int,7j
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Drell-Yan, Higgs, ...

(N)

)=o) Coy AT AT ALY

g , T int,2)

AN soft gluons collinear to initial state partons (universal)

1 N-1_1 r(1-22%Q* 4,2
AEN) = exp {/0 dz’ / %Ai(as(;ﬁ))}
"

11—z 2 Y
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Drell-Yan, Higgs, ...

o

() = 66N) Gy AL AN ALY

1] , 1] int,7j
N . .l .
AN soft gluons collinear to initial state partons (universal)

1 N-1_1 r(1-2)2%Q% 4,2
AEN) — exp {/ dz . / %Ai(as(;ﬁ))
0 2 Ju 1%

A large-angle soft gluons (process-dependent)

1 N—-1
AN, =exp{ | 1Dij(as((1—2)2Q2))}

11—z
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Drell-Yan, Higgs, ...

M) = &(()Nz-)j Cij AEN)AgN)AgN)

1] , int,7j

AN soft gluons collinear to initial state partons (universal)

1 N-1_1 r(1-22%Q* 4,2
AEN) = exp {/0 dz’ / %Ai(as(;ﬁ))}
"

11—z 2 Y

A large-angle soft gluons (process-dependent)

int

N A 2 12
Aint,ij:eXp{/O dz — Dij(as((1—2)°Q ))}

A;,D;; perturbative functions — Up to NLL, need to know A,gl), A,EQ), D,Ejl.) coefficients of
the as expansion
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Drell-Yan, Higgs, ...

o

() = 66N) Gy AL AN ALY

1] , 1] int,7j
AN soft gluons collinear to initial state partons (universal)

1 N-1_1 r(1-2)2%Q% 4,2
AEN) — exp / dz . / %Ai(as(;ﬁ))
0 2 Ju 1%

A large-angle soft gluons (process-dependent)

N A 2 12
Aint,ij:eXp{/O dz — Dij(as((1—2)°Q ))}

A;,D;; perturbative functions — Up to NLL, need to know A,gl), A,EQ), D,Ejl.) coefficients of
the as expansion

Also process dependent:

Cij N-independent finite coefficients
&éN ,L)j LO partonic cross sections in N space
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$ Soft wide-angle gluon emission sensitive to colour flow of the underlying hard-scattering
® for > 4 partons: &(()N)Ai(lﬁ) has to be replaced by > -, g gV

0,IJ°JI

1,J : different colour structures
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$ Soft wide-angle gluon emission sensitive to colour flow of the underlying hard-scattering

# for > 4 partons: &(()N)Ai(lﬁ) has to be replaced by > -, Hé]}rzsgj}r)

1,J : different colour structures

$ Resummation of the soft emission from solving the RGE

3] 3] N
(N% +16(g)3_g> SS[) — _FT]KS(N)KI - S(N)JLFLI
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$ Soft wide-angle gluon emission sensitive to colour flow of the underlying hard-scattering

# for > 4 partons: &(()N)Ai(lﬁ) has to be replaced by > -, Hé]}rzsgj}r)

1,J : different colour structures

$ Resummation of the soft emission from solving the RGE

5, 0 N
(N% +16(g)3_g> SS[) — _FT]KS(N)KI - S(N)JLFLI

® The general solution for the soft function SSJ}’)

(i ()5 (2)) = v [ [ )

x  SWN)(1)Pexp (/Q/N @P(as((f))> ]
L

q

with T'(g) = — 4§ #-Resc—0Z(g; €) Z = renormalization constant for S
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Simplification:
In orthogonal basis in colour space for which I'*7 %! is diagonal

~(N) ~ (V) ~ i J (N+1)
Tij—kl = Z%,WM,I Cij—ki, T B(N41) BN+1) B(int),ij—kl,1
1

— I corresponds to different colour channels
— assume massive final state (no final state jet functions)
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Simplification:
In orthogonal basis in colour space for which I'*7 %! is diagonal

~(N) A (N) ~ i '
Oij—kl — ZJO,ij—ﬂcl,I Cij—ki,I A(N+1) A%N—l—l) A

1

— I corresponds to different colour channels
— assume massive final state (no final state jet functions)

Radiative factor for soft non-collinear emission

(N+1)
(int),ij—kl,I

1 _N—1
N+1 z —1
Agin$,i§—>kl,l = exp {/0 dz Dijpr,r(as((1— Z)QQQ))}

1—2z2

related to I'" by

Di;i k1,1 = 2Re(A1) for DWWk — diag(Aq, . -
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Simplification:
In orthogonal basis in colour space for which I'*7 %! is diagonal

~(N) ~ (V) ~ i J (N+1)
Tij—kl — Z"o,z‘jekl,f Cij—ki, T B(N41) BN+1) B(int),ij—kl,1
1

— I corresponds to different colour channels
— assume massive final state (no final state jet functions)

Radiative factor for soft non-collinear emission

1—2z2

(N+1) 1d SN—-1_ 1 ) 9 o
A(im),ij_>k1,1 — ©Xp 0 z Dijki,r(as((1 —2)°Q%))
related to I'" by

Di;i k1,1 = 2Re(A1) for T~k = diag(\q,...)

~ (N 1 = . .
In general need to know 0(() z'])'—>kl’ z(j)—ﬂcl’ C'i;— 11 coefficients in each colour channel
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Colour structure same as for the heavy quark production = %/~ — 1% —QQ
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Colour structure same as for the heavy quark production = %/~ — 1% —QQ

- (1)
® Coefficients Dij_) Q0.1 known
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Colour structure same as for the heavy quark production = %/~ — 1% —QQ

. . (1)
® Coefficients D 0o known
: . _
# Singlet: Dijﬁq: ., =0

q,
— (4
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Colour structure same as for the heavy quark production = %/~ — 1% —QQ

- (1)
® Coefficients Dij_) Q0.1 known

i . 1) _
® Singlet: D7 -, =0

q,

. (1) _

® QOctet: D 58 = —(C's
~(N) ~ (N)

®» Need Gy, 1005 ai s
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Colour structure same as for the heavy quark production = %/~ — 1% —QQ

- (1)
® Coefficients Dij_) Q0.1 known

i . 1) _
® Singlet: D7 -, =0
= —Ca

(N)  A(N)

0,4j—dq,1’" 0,ij—qq,8

® C,;_ ;z coefficients contain N-independent terms and Coulomb corrections
(also possible to resum); for this calculation keep 52.(3265 ;=1

® Need o

Y
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NLL anomalous dimensions known for all 2 — 2 massless QCD processes
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NLL anomalous dimensions known for all 2 — 2 massless QCD processes

Gluino production 75 — gg: massive colour-octet particles = same colour
structure as ij — gg

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 25/35



NLL anomalous dimensions known for all 2 — 2 massless QCD processes

Gluino production 75 — gg: massive colour-octet particles = same colour
structure as ij — gg
® Analogously to 75 — gg, in the space of colour exchanges
® gq — gg colour basis ¢y consists of 3 tensors = I'qg — gg is a 3 x 3 matrix
® gg — gg colour basis cy consists of 8 tensors = I'gg — gg IS a 8 x 8 matrix
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NLL anomalous dimensions known for all 2 — 2 massless QCD processes

Gluino production 75 — gg: massive colour-octet particles = same colour
structure as ij — gg
® Analogously to 75 — gg, in the space of colour exchanges
® gq — gg colour basis ¢y consists of 3 tensors = I'qg — gg is a 3 x 3 matrix
® gg — gg colour basis cy consists of 8 tensors = I'gg — gg IS a 8 x 8 matrix
® Evaluation of ' 99 requires one-loop integrals for gluon exchanges between

all legs (vertex corrections) + self-energies; calculated in the eikonal

approximation
Schematically:

/ r,, — Zk ﬁ(cj)cjf] (_%i[k
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® Orthogonal s-channel basis ({c?} correspond to 1, 85 and 8 4 representations)

q _ sajag Saszagq q __ b bazagy q __ b bagagy
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® Orthogonal s-channel basis ({c?} correspond to 1, 85 and 8 4 representations)

q _ sajag Saszagq q __ b bazagy q __ b bagagy
ci =90 ) , ¢y =Th,a,d , cq =1T f ,

2]

® In this basis

( 65 0 —Q \
o 4.
[44—99 — =, 3 3 — —iml
- 0 35+3A -3q 3"
\ —20 -3 3543A ) |
with A=T+U Q=T-U

T =1n m2—£>_1—i7r, UEIn(mQ_a>—1—m, SE—LB—l—l
A 2 2 . 2 1 2 /4 1-06 .
§=(p1tp2)”, t=(p1—p3)”, G=(p1—ps)°, Lp= 5(1—2"” /3) gt
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® Orthogonal s-channel basis ({c?} correspond to 1, 85 and 8 4 representations)

q _ sajag Saszagq q __ b bazagy q __ b bagagy
ci =90 ) , ¢y =Th,a,d , cq =1T f ,

2]

® In this basis

( 65 0 —Q \
o 4.
[44—99 — =, 3 3 — —iml
- 0 35+3A -3q 3"
\ —20 -3 3543A ) |
with A=T+U Q=T-U

T =1n m2—£>_1—i7r, UEIn(mQ_a>—1—m, SE—LB—l—l
A 2 2 . 2 1 2 /4 1-06 .
§=(p1tp2)”, t=(p1—p3)”, G=(p1—ps)°, Lp= 5(1—2"” /3) gt

® Similar procedure to obtain T'99—99
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® At the threshold § — 4m?2, 1799 matrices for the s-channel colour bases become
diagonal

—qgaq & .
L9998 —  —diag (4,73, -5 7).

- s o )
Pt — - —diag (7], 73, 73)
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® At the threshold § — 4m?2, 1799 matrices for the s-channel colour bases become
diagonal

e as .
Fgg 99 — fdlag(vfavga 773))
rea—ai _, & g; q .4 .9

— diag (V1> Y25 73)

$ The resummation formula simplifies with

(1) _

D,/ 55,1 = 2Re(r])
(1) _

Dygrgs, 1 = 2Re(7p)

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 27/35



® At the threshold § — 4m?2, 1799 matrices for the s-channel colour bases become
diagonal

e as .
Fgg 99 — fdlag(vfavga 773))
rea—ai _, & g; q .4 .9

— diag (V1> Y25 73)

$ The resummation formula simplifies with

(1) _

D,/ 55,1 = 2Re(r])
(1) _

Dygrgs, 1 = 2Re(7p)

{Dé;—)_)gg, ]} — {07 —3, _3}

(1) _ .
® (D) .. }={0,-3-3-6-8-3 -3 -6}
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® At the threshold § — 4m?2, 1799 matrices for the s-channel colour bases become

diagonal

e as .
Fgg 99 — fdlag(vfavga 773))
rea—ai _, & g; q .4 .9

— diag (V1> Y25 73)

$ The resummation formula simplifies with

(1) _

D,/ 55,1 = 2Re(r])
(1) _

Dygrgs, 1 = 2Re(7p)

(1) _
e (DY ..} ={0,-3,-3}
(1) _ :
o {DQQH@’ 1+ =10,-3,-3,—-6,—-8; -3, -3, —6}
® Values of the quadratic Casimir operators for the SU(3) representations for the outgoing
state — soft gluon radiation from the total colour charge of the heavy-particle pair

produced at threshold
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® At the threshold § — 4m?2, 1799 matrices for the s-channel colour bases become
diagonal

e as .
Fgg 99 — fdlag(vfavga 773))
rea—ai _, & g; q .4 .9

— diag (V1> Y25 73)

$ The resummation formula simplifies with

(1) _
D,/ 55,1 = 2Re(r])
(1) _
Dygrgs, 1 = 2Re(7p)
(1) _
8 (DY) ;5 1} ={0.-3-3)
(1) _ .
o (DY 1={0,-3,-3,-6,—8 3,3, 6}

® Values of the quadratic Casimir operators for the SU(3) representations for the outgoing
state — soft gluon radiation from the total colour charge of the heavy-particle pair
produced at threshold

5 (N) icient (1) _
® Need oy ,: - coefficientC;.” . =1
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NLL resummed expression has to be matched with the full NLO result

(match) L —N (N+1) (N+1)
Aot ) = Y [T I ) N

i,j=q,q,9 Y OMP —i00 27”

~ (res ~ (res 2 2
X [ O-z(j—}kl,N( {M }) — z(g_>)kl n(m™ {n"})

NLO i|

+ O-}llehOQ—)kl (p, m?, {MQ}) ;
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NLL resummed expression has to be matched with the full NLO result

(match) L —N (N+1) (N+1)
Aot ) = Y [T I ) N

i,j=q,q,9 Y OMP —i00 27”

~ (res ~ (res 2 2
X [ O-z(j—}kl,N( {M }) — z(j—>)kl n(m™ {n"})

NLO i|

+ O-]’llehOQ—)kl (p, m?, {NQ}) ;

® |nverse Mellin transform evaluated using a contour in the complex IV space
according to 'Minimal Prescription’

® NLO cross sections evaluated with publicly available code PROSPINO
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0.2

0.05 |

—_— =~ = =

0.2 0.5 1 15 2
mg [TeV]
NLL __ match
K - UUNLO
r— Mg
mg
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0.2

—_— =~ = =

0.05 |

0 i
0.2 0.5 1 15 2
mg [TeV]
NLL __ match
K - UUNLO
r— Mg
q

0(EHo) / a(Ho)

13 ¢

1.2 |

11

0.9 ¢

NLO -----
NLL matched ——

P i ————

|
e e
—_——
-
—_——
—

NVO (1 = €my) /N0 (= my)

VS.

o (match) (M — fmg)/O'(matCh) (M — mg)

for¢ =0.5and £ = 2

(0 =pr = pr;r =1.2)
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0.04

—_— =~ = =

0.01

0 i
0.2 05 1 15
mg [TeV]
NLL __ match
K - UUNLO
r— Mg
q

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 30/35



0.04

—_— =~ = =

. L
RC :
44 s
-
.
.
. 1

: ~ 13| NLO -----
; = 7| NLLmatched ——
5
: ~ 12
Erc') I &=tz ]
5 11 F=—====
1 ....................................................
09 Fr———— -
=2 7
0.8
0.7
0.2 0.5 1 1.5 2

0 i
0.2 05 1 15
mg [TeV]
NLL __ match
K - UUNLO
r— Mg
q

mg [TeV]

oNLO (1 = £mg) /oNEO (1 = my)
VS.
o (Mt (= gmg) [ M) (1 = my)
for¢ =0.5and £ = 2

(b =pr = pr;r =1.2)
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pp — gg.

=
N

LO

=

I
0

o
~

channel / total
o
(o)}

L2 \o

1
©
£ 08
= qq -----
£061 gg —
g 9q -
€04

K
<l
(=Y

pp —

0.8
0.6

0.4

channel / total

0.2

0

1 NLO

channel / total

0.2 0.5

channel / total

channel / total

© 9o =
o o N

©
IS

NLL-matched

(thick line: mg/mg = 0.5, medium: mg/mg = 1.2, thin: mg/mg = 2)
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Leading Coulomb corrections

ag /6" wrt. LO

can also be resummed

~Coul ~LO Xij—kl, T
Uij—)kl — Jij—)kl, I 1 —eXp<—X Ll [)
1) — K¢,

Xijokl, 1 = masChijk, 1 /B

Ci;—ki1, 1 are appropriate colour factors

Define the “Coulomb K-factor” as

~ Coul ~ Coul
Coul _ 9ij—kl — 0ij—kIINLO
1)—kl — NLO
055 =kl

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 32/35



0.2 . : : 0.06
r=05 ------ r=05 ------
r=08 ----- r=0.8
r=12 —— 005} r=12 ——
015} r=1.6 - F=1.6 oo
= T =2. —_—
~ i
* 01 X 0,03 |
0.02
0.05 | |
0.01 = Soft gluons
0 * . . 0 . . .
6205 1 15 2 0205 1 15 2
mg [TeV] mg [TeV]
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Soft + Coulomb corrections

—_— = = =
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® [f SUSY realized in Nature, gg and gg production will be among the most
dominant mechanisms of sparticle production at the LHC

# total cross sections will be the first measured quantities
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® [f SUSY realized in Nature, gg and gg production will be among the most
dominant mechanisms of sparticle production at the LHC

# total cross sections will be the first measured quantities

® NLL resummed (matched with NLO) predictions for total cross sections in §g
and gg hadroproduction: corrections due to soft gluon emissions above NLO
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® [f SUSY realized in Nature, gg and gg production will be among the most
dominant mechanisms of sparticle production at the LHC

# total cross sections will be the first measured quantities

® NLL resummed (matched with NLO) predictions for total cross sections in §g
and gg hadroproduction: corrections due to soft gluon emissions above NLO

® Anomalous dimension for any 2 — 2 process involving pair of massive
colour-octet particles in the final state
# confirms physical picture: at threshold soft gluon radiation from the total

charge of the heavy-particle pair
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® [f SUSY realized in Nature, gg and gg production will be among the most
dominant mechanisms of sparticle production at the LHC

# total cross sections will be the first measured quantities

® NLL resummed (matched with NLO) predictions for total cross sections in §g
and gg hadroproduction: corrections due to soft gluon emissions above NLO

® Anomalous dimension for any 2 — 2 process involving pair of massive
colour-octet particles in the final state
# confirms physical picture: at threshold soft gluon radiation from the total

charge of the heavy-particle pair

® [or gg production at the LHC:
® NLL effects provide O(10%) correction for 1 TeV S mg S 2 TeV.

# Significant reduction of sensitivity to scale choices

A. Kulesza, Soft gluon effects in the production of colored sparticles at the LHC — p. 35/35



® [f SUSY realized in Nature, gg and gg production will be among the most
dominant mechanisms of sparticle production at the LHC

# total cross sections will be the first measured quantities

® NLL resummed (matched with NLO) predictions for total cross sections in §g
and gg hadroproduction: corrections due to soft gluon emissions above NLO

® Anomalous dimension for any 2 — 2 process involving pair of massive
colour-octet particles in the final state
# confirms physical picture: at threshold soft gluon radiation from the total
charge of the heavy-particle pair

® [or gg production at the LHC:
® NLL effects provide O(10%) correction for 1 TeV S mg S 2 TeV.

# Significant reduction of sensitivity to scale choices

® Smaller NLL effects for gg at the LHC
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