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%8 channels subdominant, but maybe the only chance for heavy gluinos
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Gaugino-gluino production at leading order in QCD

Feynman diagrams:

a(pa)

q(pa) s 91

7 (p2)

- 0,4/ /(
(1’(111,)/4/“\7% X ) T
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Gaugino-gluino production at leading order in QCD

Feynman diagrams:

4(Pa) s G(p) apa)

- -0+, /(
(1’(10,)/4/“7‘\7‘\74\7% ) 1)

Squared matrix elements:

CpCr e
MMy, = ACEeBE) e RIRI L+ RR(E — ) — 1),

2 2 X
(m‘.7 t)(mac t)
« CaCr e
MM, = Lg‘;”’)(zmc + RR(LLL + R'RL)(mE — u)(m — u),

(m% — u)(mac —u)

CACFegs(l‘r) 2 2 2 2 2 2 2
* = — - m= —_ - ~m-~
MM, = ( % 0 gc ) [( ST+ttt + (mX + g)(s t—u)+ 2mg X)

x (LLel £] + RRR'RL) + 2mgmg s(RRL' L, + LLCR/Ré)] :
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Total cross section up to NLO QCD
Partonic cross section:

(0) * (2
09 7/ /25 i 3 (MM + MuM], — 2Re(MeM;,)) dPS®
G,8c

Conclusion
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Total cross section up to NLO QCD
Partonic cross section:

(0) * (2
09 7/ /25 i 3 (MM + MuM], — 2Re(MeM;,)) dPS®
4,4c

Hadronic cross section:

" 2doas 1
oA = / MZW(T) = Z/o dxz dxp dz[xafa/A(xa, H%)][beb/B(Xba /,L%)]
a,b

2 2 2
X [zdoap(z, M7, pp, pe)] (T — Xaxpz)
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Total cross section up to NLO QCD
Partonic cross section:

(0) * (2
09 7/ /25 i 3 (MM + MuM], — 2Re(MeM;,)) dPS®
4,4c

Hadronic cross section:

" 2doas 1
oA = / MZW(T) = Z/o dxz dxp dz[xafa/A(xa, H%)][beb/B(Xba /,L%)]
a,b

2 2 2
X [zdoap(z, M7, pp, pe)] (T — Xaxpz)

NLO cross section:

doll) = o3} | 12} | o€

/[do’R — dUA]€:0 + /[do‘v + / do'A]ezo +o¢
3 J2 1

Conclusion
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Total cross section up to NLO QCD
Partonic cross section:

_ . @
a0 7/ /25 i 3 (MM + MuM], — 2Re(MeM;,)) dPS®
4,4c

Hadronic cross section:
_ [ ,p29948 _ 1 2 2
o = [ M os(n) = > A dxa dxp dzlxafy s a(xa, k)] [xbfs) 8 (xbs 1F)]

2 2 2
X [zdoap(z, M7, pp, pe)] (T — Xaxpz)

NLO cross section:

do'gi‘) =3 512 50 = /[do’R — dUA]€:0 —+ /[do‘v + / do'A]ezo +0¢
3 2 1

Agrees with E. Berger, MK, T. Tait, Phys. Rev. D 62 (2000) 095014.

Conclusion
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Threshold resummation formalism

Large logarithms:

M? as\" [ In™(1 -z
z=— —1 = (—s> ( )
s 27 1—=z 4
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Threshold resummation formalism

Large logarithms:

M? (as>" Inm(1 — z)
z=— —1 = —
s 27 1—=z 4

Mellin transform: F(v) = [y yV=1F(y)
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Threshold resummation formalism
Large logarithms:
M? as\" [ In™(1 - 2)
= = (5) [fk
Mellin transform: F(v) = [y yV=1F(y)
Resummed cross section:

. 2 2 2 2 2 2 2 2 2 2
Aol M2, 12) = ST Moy (M2 112) Ba(N, M2 14) BN M 1) gy 1 (N M, 1)
!
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Threshold resummation formalism
Large logarithms:
M2 as\" [ In™(1 - 2)
ooz (Z) [ 1z L
Mellin transform: F(v) = [y yV=1F(y)

Resummed cross section:

. 2 2 2 2 2 2 2 2 2 2
Aot h N, M2, W) = > Habosij (M?, 1%) Da(N, M2, 1) Ap(N, M2, 1) A g6, 1(N, M2, 1?)
T

ab—ij
Soft-collinear/soft functions:

1 2 2 2
BabpBpsjy = exp [LEG (V) + 6 (A M /i) + .. ]

Conclusion
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Threshold resummation formalism
Large logarithms:
S ()]
s 27 1—=z 4
Mellin transform: F(v) = [y yV=1F(y)
Resummed cross section:
Aol hN, M2, %) = 2,3 Habosij, 1 (M7, 1%) Ba(N, M2, 12) Dp(N, M, 1) By i (N, M, )
Soft-collinear/soft functions:
DaBpBap i = exp [LGS’)()\) 4 GﬁLUY,(A, M2/ u?) .. }
Leading/next-to-leading logarithms:

Py = g+,

2 2 2 2 2 2
6 = POl i)+ PO Ml i)+ b OV
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Soft anomalous dimension

Feynman diagrams:
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Soft anomalous dimension

Feynman diagrams:

1 a 1o«

Calculation in axial gauge:
ab as Va© Vp 1 (va - )? (vp - n)? .
w = Sab; |:7| ( > )+7|n< 2 P2 +im =1,
1 . . n)?
WAl _ Salﬁ i (Va Vl) s S+ 7| (Va n) _1,
e 2 |n|2
1 - n)?
W= sy e |y () +L1+ (V" Wi Y
TE 2 [n|2

Qs
w = Su—[2L; —2].
TE
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Soft anomalous dimension

Feynman diagrams:

1

Calculation in axial gauge:
ab as Va© Vp 1 (va - )? (vp - n)? .
w = Sab; |:7| ( > )+7|n< 2 P2 +im =1,
1 . . n)?
WAl _ Salﬁ i (Va Vl) s S+ 7| (Va n) _1,
e 2 |n|2
1 - n)?
W= sy e |y () +L1+ (V" Wi Y
TE 2 [n|2

«
Wwl = s — 2L - 2]
TE

Total one-loop result:

W2 oy = m B2 e Lo o i — 1 (T
ab—ij,I T s 280 € o A n m n ﬂméﬁ \[mg\[
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Hard matching coefficient

Perturbative expansion of the hard function:

2
Haposij (M2, 1%) = D (M?) {1 n %c(” (M, i) + -

ab—ij ab—ij

Conclusion

[e]
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Hard matching coefficient

Perturbative expansion of the hard function:

as(u?
Hapi (M2, 1) = O (M?) {1 NN }
: - 1
Hard matching coefficient CgbLU(M2,u2):

e N-independent terms of the full NLO corrections in Mellin space

e do¥ and [, do” o §(1 — z), therefore constant in N

Conclusion
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Hard matching coefficient
Perturbative expansion of the hard function:
2
s 0 ) = 8,00 {14 e ot iy
(M2, 1?):
e N-independent terms of the full NLO corrections in Mellin space

e do¥ and [, do” o §(1 — z), therefore constant in N

Hard matching coefficient ngLU

Collinear remainder:

1
of = 3 [ ax [1a08) (e pi) © (0 IP+ Kla)() + (2 > Blleco,
~Jo )2
a
2 2
3 1
(P(N)) = &[(2C,:7CA)Inﬂ+CAIn He Hm/vff]uo(f),
27 s méft 4 N
as 5 - mé g2
(K(N)) = —={2CFIn*N+Cy|[lIn +1| N+ 2 Cr — g — Ky
27 mg—t 2
C 2m2 — t m?2 m2 m2
+ —A[1+4Li2 g +<1+4In E 4o & )ln g
4 2 mé—t mé—t 2m§—t

2mg mg 1
3 L > o ome L
+3|n(1+m27t(mg \2m2 t))+6m~+ o 3]}+O(N).
& & z

Conclusion

8/16



Soft gluon resummation Numerical results Conclusion
00000 000000 o]

pMSSM-13 benchmark scenario

SUSY particle spectrum generated with SPheno

3000
t
2500 |- ) i
ag, dp. L, 3L
2000 + g i
i &
> &L, €r, U AL, AR, Dy, T, Uy, 7
& 1500 |- “ e et
3 Ho, Ao, HT
1000 + o i
X2 X4 )'('g 52
eEbe b s "
R R F
500 - i t1, bl
X1
ho
0
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pMSSM-13 benchmark scenario

SUSY particle spectrum generated with SPheno

3000
t
2500 |- ) i
g, dp L, 8L
2000 + g i
i &
> &L, ér, U ALy AR, Uy T, Uy T
& 1500 |- “ e et
3 Ho, Ao, HT
1000 + o i
X2:Xa 3 By
eEbe b s "
R R ~
500 i _ti, b
X1
ho
0

Vary My ~ M,/2 and Ms, impose my, FCNC, LHC, and DM constraints.
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do/dM (1075 fb/GeV)

Ratio
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Numerical results

Invariant mass distribution

pp — £X3 at v/S = 13 TeV

Conclusion

[e]

LO =
NLO ==
NLL + NLO ==

(NLL + NLO) /NLO —— |

3000 3500 4000
M (GeV)

4500

5000 5500

6000
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Invariant mass distribution

pp — £X3 at v/S = 13 TeV

LO =
NLO ==
NLL + NLO ==

do/dM (105 fb/GeV)

(NLL + NLO) /NLO —— |

Ratio

4500 5000 5500 6000

M (GeV)

3000 3500 4000

Additional radiation shifts maximum, reduces scale dependence.
10/16
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Scale dependence

pp — £X3 at V'S = 13 TeV

NLO -
NLL + NLO ——
NL

o (1072 fb)

6.0 - Hf = [, by = Ucentral ‘ ‘ ‘

:U'/ Hecentral
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Scale dependence
pp — £X3 at VS = 13 TeV

T

NLO ----
NLL + NLO ——
NLI

o (1072 fb)

6.0 - Hf = b, by = Hcentral ‘ ‘ ‘
10

0.1
,LL/ Hecentral

Stable predictions at NLL+NLO, expansion of NLL approximates NLO.
11/16
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Gluino mass dependence

pp — &X9 at /S =13 TeV

3 T T T T |
LO smm |
NLO s
1 NLL + NLO m== -
3
S 01t
0.01 +
o M ‘ " (NLL+NLO)/NLO —
w 1
o
0.9 L L L L
500 1000 1500 2000 2500 3000
mg (GeV)
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Gluino mass dependence

pp — &X9 at /S =13 TeV

3 T T T T |
LO smm |
NLO s
1 NLL + NLO m== -
3
S 01t
0.01 +
o M ‘ " (NLL+NLO)/NLO —
w 1
o
0.9 L L L L
500 1000 1500 2000 2500 3000
mg (GeV)

Cross sections will soon be observable at the LHC with £ = 100 fb—L.
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Gaugino decomposition

1400 F ' ' ' ' ' ' B
1200 +
— 1000 -
800 -
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400 - E
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my (GeV
\
\

Mixing Matrix

100 S 4
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0 200 400 600 800 1000 1200 1400
M, (GeV)
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Gaugino decomposition

1400 C T T T T T T ]

0
12000 @ .
1000 | X3 ]
3 800l
8 | N |
& 600 | ///////// 4
400 | — .
200 .
0 | | : : : |
1.0 [Ny -
¢ Naz /\
£ 0.5 Ny | T~ B
CR ) ™ ]
g / ——
X
£ 05/ f i
1.0 L 777—7/\/ i
Il Il Il Il Il Il
0 200 400 600 800 1000 1200 1400

M, (GeV)
Avoided crossings at M, = = 773 GeV (also for charginos).
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Gaugino mass dependence

pp — §X3 at /S =13 TeV

LO mmm |
NLO s
NLL + NLO ==
01| .
&
()
0.01 |
o M ‘ ‘ " (NLL+NLO)/NLO —— -
=1
o
0.9 L L L L L L
200 400 600 800 1000 1200
M (GeV)

Conclusion
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Gaugino mass dependence

pp — §X3 at /S =13 TeV

LO mmm |
NLO s
NLL + NLO ==
01| .
&
()
0.01 |
o M ‘ ‘ " (NLL+NLO)/NLO —— -
=1
o
0.9 L L L L L L
200 400 600 800 1000 1200
M (GeV)

Beyond M, > p, decomposition changes more than the mass.

Conclusion
o]
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Relative PDF uncertainties

pp— X3 at VS =13TeV

14) CT1ONLO mmmmm
MSTW2008NLO9OCL. sems
131 NNPDF30 s

Ratio

1500 2000 2500 3000
mg (GeV)

500 1000
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Relative PDF uncertainties

pp— X3 at VS =13TeV

14) CT1ONLO mmmmm
MSTW2008NLO9OCL. sems
131 NNPDF30 s

Ratio

0.9

0.8

0.7

0.6 |-

500 1000 1500 2000 2500 3000
mg (GeV)

Large uncertainties at large x — employ threshold improved PDFs.
15/16
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Motivation:
e Semi-weak process, will become relevant if gluinos are heavy
e Would be expected from GUT relation M; = M, /2 = M5/6
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Process-dependent calculations:
e Soft anomalous dimension
e Hard matching coefficient

e Matching to NLO and inverse Mellin transform
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Conclusion

Motivation:
e Semi-weak process, will become relevant if gluinos are heavy
e Would be expected from GUT relation M; = M, /2 = M5/6

Process-dependent calculations:
e Soft anomalous dimension
e Hard matching coefficient

e Matching to NLO and inverse Mellin transform

Results:
e NLL increases NLO invariant mass distribution by up to 10%
e Total scale dependence reduced from 30% to 5%

e PDF uncertainty not reduced, needs threshold-improved PDFs
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