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SUSY at LHC

Supersymmetric extension of the SM may be The Theory of physics at Terascale (naturalness,
coupling unification, WIMPS, relation to superstrings)

SUSY spectrum contains new heavy particles: e.g. scalar partners of quarks (squarks) and Majorana
fermions: gluinos

R-parity: only pair production of SUSY particles possible

Minimal Supersymmetric Standard Model has free parameters, but typically, §g and g production
processes are expected to have the largest cross sections at LHC
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Need for precise predictions
If not Discovery: estimates of total cross section —— exclusion limits
If Discovery: Direct determination of masses of SUSY partners may be difficult:

e long decay cascades, leading to multi-particle final states

e some final state particles should escape detection
Ways out:

e end-points of kinematic distributions
e kinematic fits

e precise measurement of total cross-sections

In general: total cross sections may provide precision tests of SUSY parameters.

Quality of the tests and parameter determination depends critically on theoretical precision.

LO, NLO results for Gg and gg SUSY-QCD corrections are known, but soft gluon corrections are
expected to be sizable beyond NLO
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Squark—antisquark and gluino pair production
[Eichten, Dawson, Quigg, 85]
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SUSY-QCD one loop corrections

[Beenakker, Hopker, Spira, Zerwas]

Inclusion of one loop corrections at O () from quarks, gluons, squarks and gluinos
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Large NLO K-factors predicted, K ~
1.3 for GG production at the LHC, for
mg =1 TeV

K ~ 2 for gg production at the LHC,
for mg = 1 TeV
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Impact of corrections on sparticle mass determination
[Beenakker, Hopker, Spira, Zerwas]
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Soft gluon corrections at one loop

Threshold limit is defined by § — (2m)?

Energy, w of emitted real gluon close to threshold is kinematically limited,cut-off ~ m 32
—— lack of cancellations between real and virtual corrections

Soft gluons do not resolve details of the short-distance interaction

Soft-collinear logarithms for incoming parton, incoherent, depending on parton color charge:

~ aglog? 3 o0

Soft non-collinear logarithms for the whole matrix element, coherent, depending on color flow:
~ o log 620(0)

Additionally, Coulomb corrections ~ «/f3 o0

It is necessary to resum soft logarithms and Coulomb corrections
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Threshold resummation

[Sterman, Kidonakis, Oderda], [Catani, Trentadue]

The basis: hard factorization of soft gluon corrections and renolmalization group
Iteration of soft gluon contributions leads to a tower of corrections

So ~ O'(O)Otg log”" B

(0) n 2n—1
do ~ o' ag log 16,
In part of phase space aglog® 8 > 1 —— resummation is necessary —— Mellin moments N

In general, for non-trivial color flow, soft gluon effects lead to mixing between different color amplitudes

o = > fama(N) fopny(N) Au(N + 1) Ay(N + 1) b5 Syi(N 4 1) by

a,b,I,J collinear soft
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Scale evolution of soft matrix: renormalisation group
[Sterman], [Catani, Trentadue]

0

+ﬁ()as = —(T) xS ST
MC{?M gag IJ = S)IKOKI Ll L

Solution in orthogonal color basis:

4m?2/N dg?

S1r(N, 1) = S\ (1)(N, p*) exp / —(Xf(es(@®) + As(as(d®))
2 q

For color basis in which S is diagonal

2 (0) 2 4m® /N dq2 2
Sir(N, ™) = Sp7 (1, p7) exp [/2 v 2Re(Ar(as(q )))]
W

At NLL, anomalous dimension matrix I';; obtained from IR poles of one-loop diagrams of effective
eikonal theory:

g o0
I'ry = —=—Res..¢~Z ,
I1J 20g 0Z15(9 6)
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Resummed cross section at NLL

res 2y ~ (0) a b (int)
Jha,hb—>kl(N7 po) = E : fa/ha, N+1 fb/hb, N+10;; ki 1,N AN+1 AN+1 Az‘j—>k:l,I,N+1
a,b,l

N-1_ 4 /4m2(1z)2 dq?
n

: : i ! < 2
Universal, soft-collinear factors: In Ay = dz —QAi(as(q )
0 q

1 —z 2
F
1 N-1
. —1
Soft, non-collinear factor: In Afg;ri)kl,I,N — / dzzl . Dij—m1(as(4m®(1 — 2)?))
0 _
o as 2
A = <_> AL 4 <—> AP ¢ Al AP « ¢
0 0
O
Dy = (2) 00
7T
Soft anomalous dimension matrix —— eigenvalues \;;_x.1
DY = 2Re(Mij_pi1)
ij—kl, I — 1j—kl,1
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Anomalous dimension matrices for squark-antisquark production and ¢ — gg

For Gg results for heavy quarks apply: (2Re \) = (0, —C4) or (2Re \) = (0, —C4, —C4)

. — ~~ a1 asa b baqa -rb baqa
Color basis for qg — §g: c] = 671924893 d = Tya,d 3", ci = L pa [0,
( 6S 0 — \
9795 _ s _ _dird
a = 0 35+3A  —3Q 5]
5 G, 3
o\ -2 -2 35+3A |

At threshold, 2 — 0, ' —— diagonal form: diag(A;): (2Re ) — (0, —Ca, —C4)
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Anomalous dimension matrices gg — gg production

Color structure: 8 tensors. s-channel basis, (1, 8g, 84,10 + 10,27; R)

rogs—ig _ % [( I(:)E) I(:) ) B 3’L.7Tii|
T 3

( 6S 0 642 0 0 \
0 35 + 3A 50 30 0
I's = 30 30 35 + 3A 0 20
0 60 0 3A 20

\ 0 0 20 30 4A-2S )

I's =diag (3(S+U),3(S+T),3(T+U))

At threshold, ' — diagonal; (2Re A\) — (0,—-3, -3, -6, —8; -3, —3, —6)
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Squark-gluino and squark-squark channels

Considered in [W. Beenakker, S. Brensing, M. Kramer, A. Kulesza, E. Laenen and I. Niessen, JHEP
0912 (2009) 041]

qq — 4G: 3 ® 3 =346
q9 — qg: 3 ® 8 =3+6+ 15

The results in the threshold limit:

qu—>q~fi,1 — {_4/37 _10/3}
Dyg—q51 = {—4/3,—10/3,—16/3}

— Dl(l) at threshold ~ quadratic Casimir operator for the outgoing state

Shown in general, at one loop, in [M. Beneke, P. Falgari and C. Schwinn, Nucl. Phys. B 828 (2010)
69.]
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Coulomb corrections

[Sommerfeld],[Catani,Mangano,Nason, Trentadue]

Heavy particles produced at threshold are slow, 8 < 1

Coulomb type exchanges between final state particles at one loop may be large

Qg

5o (B) ~ ga“)(m

Resummation of Coulomb corrections proposed by Sommerfeld:

and kg is the color factor
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Summary of calculational framework

Born level partonic amplitudes: M

U

Projection in orthogonal color basis: h; = (c;|M) and calculation of partonic cross sections

5O _ hihr
I <CI|CI>

U

Mellin transformation of partonic cross sections: &§O)(p) — 350)(N)

U

Inclusion of partonic densities and resummation of soft logs in Mellin space
~ (R = = = (0
5 (N) = Ja(N) Jo(N) 51" (N) A(N)

Y
Numerical inverse Mellin transform and integration over parton densities
Y
Resummed hadronic cross sections in color channels
Y
Summation over colors and matching to the NLO result [PROSPINO]:
O_match — O_NLO e [O_NLL L O_NLL|NLO]
L. Motyka On threshold resummation... page 14/ 23



NLL results: gg

Relative NLL correction Ky, — 1
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For large gluino mass, sizable effects of soft gluons and

reduction of scale dependence by factor of ~ 3
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Relative NLL correction Kny11, — 1
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Also: [U. Langenfeld and S. O. Moch, 2009], [M. Beneke, P. Falgari and C. Schwinn, 2009]

NLL results: §g
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NLL results: ¢q, gg at LHC

[W. Beenakker, S. Brensing, M. Kramer, A. Kulesza, E. Laenen and |. Niessen]
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NLL results: ¢g, gg at Tevatron

[W. Beenakker, S. Brensing, M. Kramer, A. Kulesza, E. Laenen
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Inclusion of Coulomb corrections

Ratios of resummed soft gluon corrections and Coulomb corrections, beyond NLO
to the NLO cross sections
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Coulomb corrections are also important
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Pdf dependence: K-factors
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Recent news

Detailed analysis of combined soft gluon effects and Coulomb effects — with intereference of both
these effects — and application to qg channel has been performed within Soft Collinear Effective
Theory [M. Beneke, P. Flagari, C. Schwinn, 2010] (results agree with ours)

Updates of results:

The newest parton distributions CT10 and MSTW are implemented

Results for the LHC at lower energies (to appear soon)
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Summary of phenomenological results

e Soft gluon corrections enhance cross sections and grow with color charges of incoming partons
and the final state

e Sizable soft gluon corrections found in gg initial states

e Dominance of gg — gg channel —— large soft gluon effects in gg production
e Small soft gluon effects in gq initiated processes

e Small soft gluon effects in gg production

e Soft gluon resummation reduces significantly theory error for gg production related to scale
dependence, but it is not the case for GG production
e Significant Coulomb corrections

e Weak dependence of the K-factors on choice of PDFs

e Still significant dependence of cross sections on choice of PDFs
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Conclusions

1. Soft anomalous dimension matrices have been found for pair production of gluina (or other heavy
SU (3) octet particles)

2. At NLL accuracy, the eigenvalues of soft anomalous dimension matrices are proportional to total
color charge of the final (eigen)states

3. We computed cross sections for GG and §g production at the LHC, at the NLL accuracy, including
matching to known NLO results and Coulomb corrections

4. Relative soft gluon corrections beyond NLO amount O(10%) and Coulomb corrections O(5%)
for gg production cross section, for mz = 1 TeV, smaller effect found for Gg production

5. Soft gluon resummation reduces significantly theory error for gg production due to scale variations

6. Also available gq and gg results and the full analysis for the case of Tevatron
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BACKUP

L. Motyka On threshold resummation... page 25/ 23



Pdf dependence: cross-sections for gluina
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