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Iriumph of the Standard Model

Standard Model Production Cross Section Measurements Status: August 2016
—
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“SUSY” status at the beginning of Run 11

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: August 2016 . \Vs=7,8,13TeV
Model eps T,y Jets ET™ [Lanm) Mass limit Reference
L] L] L] L] L] L] L] L] L] L] L]
MSUGRA({CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 G,8 y 1.85 TeV m(3)=m(3) 1507.05525
47, i]’—)q,\fe) 0 2-6 jets  Yes 13.3 m(ey )<200 GeV, m(1* gen. §)=m(2"! gen. §) ATLAS-CONF-2016-078
® 774N (compressed) monojet  1-3jets  Yes 32 @ L 608GeV & (@) m(F})<5 GeV 1604.07773
S 383-qa0 0 2-6jets  Yes 133 (@ ())=0 GeV ATLAS-CONF-2016-078
§ 28, 3—qqt1 —qqW ) s 0 2"‘6. jets Yes 133 @ | M(T)<400 GeV, m(T*)=0.5(m(t")+m(z)) ATLAS-CONF-2016-078
) ets - 13.2 P y 2016-
B 88 8—aqll/ynX e u je m(¥))<400 GeV ATLAS-CONF-2016-037
o & 2—qqWZR) 2e,4(SS) 0-3jets Yes 132 m(¥}) <500 GeV ATLAS-CONF-2016-037
% GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 ¢7(NLSP)<0.1mm 1606.09150
S  GGM (higgsino-bino NLSP) Y 15 Ys 203 fg . {87TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, <0 1507.06493
=  GGM (higgsino-bino NLSP) Y 2jets  Yes 133 m(¥))>680 GeV, cr(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(2) 2 jets_ Yes 20.3 z 900 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F'2 scale 865 GeV ‘»: m(G)>1.8 x 107* eV, m(g)=m(3)=1.5TeV 1502.01518
S5 y
g B i@ g—)bel 0 3b Yes  14.8 m(¥))=0 GeV ATLAS-CONF-2016-052
& g—)thl 0-1e,p 3b Yes  14.8 m(¥})=0 GeV ATLAS-CONF-2016-052
S0 88, bt 0-1e,u 3b Yes 201 |2 m(¥})<300 GeV 1407.0600
o b bi—b¥) 0 2b Yes 32 _ m(¥1)<100 GeV 1606.08772
55 biby, b1—>v(1 2,1 (SS) 1b Yes 132 | | 325-685 GeV o??)<1soeev m@m m(¥))+100 GeV ATLAS-CONF-2016-037
23 fif, h—obXT 0-2e,u 1-2b Yes 4.7/13.3 1#7-170 Gev. [ 200-720 GeV' mET) = 2m(@}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
S ih, t1—>WbX1 or £t} 0-2e,u 0-2jets/1-2b Yes 4.7/13.3 | f 90-198 GeV [ 1205-850 GeVl m(E))=1 Gev 1506.08616, ATLAS-CONF-2016-077
€S i, 7ot 0 mono-jet  Yes 3.2 m(f)-m(})=5 GeV 1604.07773
S § hf(natural GMSB) 2e,u(2) 1b Yes 203 |7 150-600 GeV m(¥})>150 GeV 1403.5222
35 hb,hoh+Z Jepu(z) 1b Yes 133 | & m(¥))<300 GeV ATLAS-CONF-2016-038
faby, Ta—siy + h leu 6jets+2b Yes 203 |7 320-620 GeV m(¥})=0 GeV 1506.08616
{i% ReLR, [—)[X] 2e,u 0 Yes 203 |7 90-335 GeV m(¥})=0 GeV 1403.5294
)fl)fl ,)gl —v(tP) 2e,u 0 Yes 203 | i} 140-475 GeV m(¥})=0 GeV, m(Z, #)=0 5(m(/?f)+m(/??)) 1403.5294
R KT o) 27 - Yes  20.3 /\:’z » 355 GeV . m(¥7)=0 GeV, m(#, #)=0.5(m(¥} )+m(/?1)) 1407.0350
=8 X1X6—>€Lv€L€(vv) PELEGY) 3e,u 0 Yes 203 KK 715 GeV - mE)=m(@s), m(¥})=0, m(Z, 7)=0.5(m(¥; )+m(x})) 1402.7029
W % Xy X6_>WX 70 2-3e,u  0-2jets  Yes 203 ’fi”f 425 GeV o m(¥)=m(¥3), m(¥})=0, 7 decoupled 1403.5294, 1402.7029
xéx —SWEhXy, h—bb/WW/tt]yy €HY 0-2b Yes 203 | X.K, 270 GeV & mET)=m(¥5), m(¥?)=0 fdecoupled 1501.07110
XoX3, Xa3 >Rt depu 0 Yes 203 | K, 635 GeV ' m(F9)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(t})) 1405.5086
GGM (V\{lno NLSP) weak prod. lTeu+y - Yes 20.3 w 115-370 GeV g cr<imm 1507.05493
GGM (bino NLSP) weak prod. 2y - Yes 20.3 w 590 GeV 4 b cr<imm 1507.05493
Direct)gi):(z prod., long-lived ):(i Disapp. trk 1 jet Yes 203 |& 270 GeV ' mFT)-m(¥})~160 MeV, 7(¥7)=0.2 ns 1310.3675
- Direct X X prod., long-lived X7 dE/dx trk - Yes 18.4 /Yf 495 GeV [ 4 mF;)-m(¥})~160 MeV, 7(¥;)<15 ns 1506.05332
@ @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |& 850 GeV ¢ m(¥})=100 GeV, 10 us<(3)<1000 s 1310.6584
> O  Stable g R-hadron trk - - 3.2 1606.05129
=3 ) ~ :
é, .%. Metastable g R- hadron o dE1/-de trk 3.2 g ‘ m(¥})=100 GeV, 7>10 ns 1604.04520
S q GMSB, Stable 7, X1—>‘r(e y)—}z)‘r(e n) H 19.1 /\/6 537 GeV 10<tanp<50 1411.6795
— GMSB, =G, long-lived £ o2y - Yes  20.3 ﬁ 440 GeV v 1<T<)2?)<3 ns, SPS8 model 1409.5542
88, X1 —eev euv//mv displ. ee/ep/pp - - 20.3 X 1.0 TeVal 7 <cr()?])< 740 mm, m(g)=1.3 TeV 1504.05162
)
GGM g, X|—»ZG displ. vtx + jets - - 20.3 7 1.0 Te\ 6 <ct(¥))< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—¥r + X, Vr—eufet/ut ep,eT Ut - - 3.2 A41,=0.11, A132/133/233=0.07 1607.08079
Biinear APV CMISSM 2en(SS) 03b Yes 203 |aE  Ra5TeV  m@-m)crige<t mm
)f}.)gl’ )S}._)W)f ,)fb—wev, euv, vy 4ep - Yes 13.3 m(/\71)>400GeV Au#0 (k= 1,2) ATLAS-CONF-2016-075
Q>_ XiX1, X1 WXL X[ —>TTv,, eTvr 3epu+t T Yes 20.3 Xl 450 GeV ] mm)>0 2xm¢\’1) 13320 1405.5086
c 88, g—>qqq 0 4-5large-R !ets - 14.8 BR(7 ) R(b)=BR(c)=0% ATLAS-CONF-2016-057
8z, g—oqq¥ L8 - qqq 0 4-5large-Rjets - 14.8 m(¥})=800 GeV ATLAS-CONF-2016-057
28, 8—1it, h—bs 2e,u (SS) ' 0-3b Yes 13.2 m(f;)<750 GeV ATLAS-CONF-2016-037
hiy, 1—>bs 0 2jets+2b - 154 |E 450-510 GeV g ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fify, i —be 2e,u 25 - 203 | # 0.4-1.0 TeV{ BR(f, —be/)>20% ATLAS-CONF-2015-015
Other Scalar charm, ¢—cf} 0 2¢ Yes 20.3 ¢ 510 GeV A m(¥})<200 GeV 1501.01325
L L L L L L L L L L L L L L
*Only a selection of the available mass limits on new 10! 1
states or phenomena is shown. Mass scale [TeV]



Fine print: MSSM status at the beginning of Run 11

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: August 2016

Model & T,Y Jets ET™ [Larm™] Mass limit Vs=7,8TeV | Vs=13TeV
1 L] L] L] Ll 1 L] L I 1 L] L} L} 1 1
MSUGRA/CMSSM 0-3eu/1-27 2-10jets/3b Yes 203 |42 1.85 TeV m(5)=m(g)
4d, q—)q)( 0 2-6jets Yes 133 m(¥})<200 GeV, m(1* gen. §)=m(2™ gen. §)
8 43490 (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(E2)<5 GeV
£ 225990 4\ 0 26jets  Yes 133 m(¥1)=0 GeV
§ & E-adli oagW ) 0 26jets  Yes 133 m(¥1)<400 GeV, m(¥)=0.5(m(¥1)+m(z))
S 38 g-aqlteimn Sep - 4jets - 132 m(¥1)<400 GeV
o 88, 8—qqWZX; 2e,u(SS) 0-3 !ets Yes 13.2 m(¥}) <500 GeV
=  GMSB (ZNLSP) 127+0-1¢ 0-2jets  Yes 3.2
3 GGM (bino NLSP) 2y - Yes 3.2 cr(NLSP)<0.1 mm
S  GGM (higgsino-bino NLSP) Y 15 Yes  20.3 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, u<0
= GGM (h!ggs!no-blno NLSP) Y 2 !ets Yes 13.3 m(¥1)>680 GeV, ct(NLSP)<0.1 mm, u>0
GGM (higgsino NLSP) 2e,u(Z) 2 ]et§ Yes 20.3 g 900 GeV m(NLSP)>430 GeV
Gravitino LSP 0 mono-jet  Yes 20.3 F1/2 scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(g)=1.5TeV
<
g 2 2 g—)bb)(l 0 3b Yes  14.8 #%)=0 GeV
. E gz g—)tD( I 0-1epu 3b Yes 14.8 (,??):0 GeV
& 100 33, §obil| 0-1e,u 3b Yes 201 |2 1.37 TeV m(¥1)<300 GeV



Fine print: MSSM status at the beginning of Run 11

MSUGRA/CMSSM

ATLAS S¥ES8Y rches* - 95% CL Lower Limits

Status: August 2016

& T,Y Jets ET™ [Larm™] Mass limit Vs=7,8TeV | Vs=13TeV
1 L] L] L] Ll 1 L] L I 1 L] L} L} 1 1
0-3e,u/1-27 2-10jets/3b Yes 20.3 g8 1.85 TeV m(g)=m(g)

o 0 2-6jets  Yes 133 m(¥1)<200 GeV, m(1* gen. §)=m(2" gen. §)
@ 42 3—d (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(¥1)<5 GeV
S 3o " 0 2-6jets  Yes  13.3 m(¥})=0 GeV
5§ 23 8—-qg%1 —oqqWN) 0 2-6jets  Yes 13.3 m(¥7)<400 GeV, m(¥*)=0.5(m(¥})+m(z))
S gz z-qaeeyn 3epu  4jets - 132 m(F?) <400 GeV
o 23, gangZ)?? 2e,u(SS) O0-3jets  Yes 13.2 m(¥}) <500 GeV
>  GMSB (£NLSP) 1-27+0-1¢ 02jets  Yes 3.2
3 GGM (bino NLSP) 2y - Yes 3.2 cr(NLSP)<0.1 mm
S  GGM (higgsino-bino NLSP) Y 1b Yes  20.3 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, u<0
= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥})>680 GeV, ct(NLSP)<0.1 mm, >0
GGM (higgsino NLSP) 2e,u(Z) 2 jets Yes 20.3 g 900 GeV m(NLSP)>430 GeV
Gravitino LSP 0 mono-jet  Yes 20.3 F1/2 scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(4)=1.5TeV
E,’g 2, g—»bé)g? 0 3b Yes 14.8 (7%)=0 GeV
. £ gg, <E—)tD( I 0-1e,u 3b Yes 14.8 ()??):0 GeV
en B0 8, 3biY] 0-1e,p 3b Yes 201 |z 1.37 TeV m(¥})<300 GeV



Fine print: MSSM status at the beginning of Run 11

MSUGRA/CMSSM

rches* - 95% CL Lower Limits

&1 T,y Jets E™S [ranm) Mass limit Vs=7,8TeV | Vs5=13TeV

ATLAS SESY

Status: August 2016

0-83e,u/1-27 2-10jets/3b Yes 20.3 4,8 1.85 TeV m(g)=m(g)

: 0 26jets Yes 13.3 m(¥})<200 GeV, m(1* gen. §)=m(2™ gen. §)
® 33,49 (compressed) mono-jet  1-3jets  Yes 3.2 m(@)—m(,\??)<5 GeV
S 883499 . 0 26jets  Yes 133 m(¥1)=0 GeV
5§ 23 8—-qg%1 —oqqWN) 0 26jets  Yes 133 m(¥)<400 GeV, m(¥*)=0.5(m(¥})+m(z))
S @ g—qq(te/vnt) 3eu 4 jets : 13.2 m(¥})<400 GeV
o 88 §—oagWZi) 2e,u(SS) 0-3jets Yes 13.2 m(¥}) <500 GeV
>  GMSB (ZNLSP) 127+0-1¢ 0-2jets  Yes 3.2
2  GGM (bino NLSP) 2y . Yes 3.2 cr(NLSP)<0.1 mm
T:J GGM (higgsino-bino NLSP) Y 1b Yes 20.3 g 1.37 TeV m(¥}) <950 GeV, ct(NLSP)<0.1 mm, <0
= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥})>680 GeV, ct(NLSP)<0.1 mm, >0
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3 g 900 GeV m(NLSP)>430 GeV
Gravitino LSP 0 mono-jet  Yes 20.3 F1/2 scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(4)=1.5TeV
S 23 zoobbl) 0 3b  Yes 1438 m(72)=0 GeV
OE 3, gt 0-1eu 3b Yes  14.8 m(¥})=0 GeV
S %0 33, gobit, 0-1e,u 3b Yes 201 |2 1.37 TeV m(¥})<300 GeV

those Limitts are wmodel dependent and can be much
weaker



Landscape ot supersymmetric models

MSSM



Landscape ot supersymmetric models

stnglet extended SsSM

SUSY with R—pari’ca violation

addittonal LU(1)’s
MSSM

R-symmetry models with Dlrac gauginos

terLet extended SSM

and many others....



R'Symmetry Fayet; Salam and Strathdee, ...

m additional symmetry of the SUSY algebra allowed by the Haag - f.opuszanski - Sohnius
theorem

m for N=1 1t1s a global Ur(l) symmetry under which the SUSY generators are charged

m 1mplies that the spinorial coordinates are also charged

Qr(0) =1, 0 — "0

m Lagrangian invariance
O Kahler potential invariant if R-charge of vector superfield 1s 0
O R-charge of the superpotential must be 2

O soft-breaking terms must have R-charge 0



Low-energy R-symmetry realization

R charges of component fields

Qr scalar vector fermionic

vector superfield 0 - 0 1
chiral superfield Q Q - Q-1

m freedom in the choice of chiral superfield charge

m we choose SM fields to have R=0 =¥ Higgs superfields Qr=0, lepton and quark superfields

have Qr=+1
m with the above assignment R-symmetry forbids

| Mﬁuﬁd

O MELL,xUDD,eHL

O soft SUSY breaking Majorana masses and trilinear scalar couplings

m flavor problem ameliorated but now gauginos and higgsinos are masses

=¥ possible solution - Dirac gauginos

One way to fix it: Dirac masses
Minimal R-Symmetric Supersymmetric Standardmodel (MRSSM)

Kribs et.al. arXiv:0712.2039

SUB)c SU(2). UQ)y UQ)r

other realizations:

Davies, March-Russell, McCullough (2011)
Lee, Raby, Ratz, Schieren, Schmidt-Hoberg,

Singlet S 1 1 0 0
Additional fields: Triplet T 1 3 0 0 Vaudrevange (2011)
Octet O 8 1 0 0 Frugiuele, Gregoire (2012)
R-Higgses R, 1 2 —1/2 2
R 1 2 1/2 2




MRSSM lagrangian

m Superpotential — Choi, Choudhury, Freitas, Kalinowski, Zerwas (2011)

A

|44 —Hd Rd ﬁd + }?u Hu

—I—Ad}?dTﬁd +Au}?uTAFIu —l—)\dgédﬁd —I—)\ugéuﬁu
~Y,d¢H,; —Y.,élHy; +Y, 04 H,

O p-type terms

O terms with 4, A couplings generate quartic Higgs couplings in the potential

0 MSSM-like Yukawa terms

m Allowed soft SUSY-breaking terms
O conventional MSSM B, -term:V > BH(HJH,;L — HgHg) + h.c.

0 Dirac mass terms for gauginos M? §¢’

2
O scalar soft masses m? |®|



Particle content summary: MSSM vs. MRSSM

different number of physical states

completely new states

Higgs R-Higgs
CP-even CP-odd charged |charginos| neutral charged | sgluon
MSSM 2 1 1 2 0 0 0
MRSSM 4 3 3 2+2 2 2 1
neutralino gluino
MSSM 4 1 Majorana fermions
MRSSM 4 1 Dirac fermions




Particles content summary: MSSM vs. MRSSM

different number of physical states

completely new states

Higgs R-Higgs
CP-even CP-odd charged |charginos| neutral charged || sgluon
MSSM 2 1 1 2 0 0 0
MRSSM 4 3 3 2+2 2 2 1
most Lmportant
neutralino | gluino difference from
the point of view
MSSM 4 1 Majorana fermions of divect
searches of
MRSSM 4 1 Dirac fermions supersymmetry

at the LHC




Exemplary mass spectrum
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EW sector ot the MRSSM (status)

B The SM-like Higgs boson mass in the
MRSSM has been calculated including

full 1- 100]23 and leading 2-loop

Correctlons

Impact of EWPO was analyzed!

MRSSM  can predicts correct dark
matter relic density while being 1n

agreement with dark matter direct
detection bounds?

Its EW signatures were checked against

available 7 and 8 TeV data?

1. P. DieBner, J. Kalinowski, W. Kotlarski
and D. Stockinger, JHEP 1412 (2014) 124

2. P. DieB3ner, J. Kalinowski, W. Kotlarski
and D. Stockinger, Adv. High Energy
Phys. 2015 (2015) 760729

3. P. Dief3ner, J. Kalinowski, W. Kotlarski
and D. Stockinger, JHEP 1603 (2016) 007

4+ tree-level

= result
(05 120 R
= + 1-loop
S|
g 100 quantum
80| correctlon
o T~ + leading 2-
;8.0 : : : : :
O LOO‘P
correctlons
2.0
2000 —
1500/ . S
RS IR
s N S
< 1000} > \
Q og o 0; o
. o P -
w ©
(0] \ AN
500f Y .
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20 -15-1.0 -05 0.0 05

10



MRSSM signatures at the LHC

B scluon pair production pp — OO

O complex fields O split by D-term contribution into scalar (S) and pseudoscalar (A) parts
2 2 2 2 D2
mo, = Mo mos = mo +4(Mg)
O (g naturally heavy, O 4 might decay into quarks through loop-induced coupling
q q
9o A o
a bg - X
g O G O
q q
0 Coupling proportional to m,,. If O4 is lighter than other SUSY particles but mo, > 2my
O 4 decays exclusively to top quarks

B same sign squark pair production pp — qrqr

.
diagram g T MSSM diagram
= present L dp _ with Majorawa mass
the MRSSM _ _g’j’_ . lnsertion doesn't exist
q

B Dirac gluino gp pair production, with cross section roughly twice as large as in the MSSM

12



SgIUOn pair prOdUCtiOn at 13 T@V LHC W. Kotlarski [arXiv:1608.00915]

Analysis of the sgluon pair production with
subsequent decay nto t¢ pairs. Recasting ATLAS
search in the same-sign lepton channel using 3.2/
fb of integrated luminosity

Signal simulated at NLO using
MadGraphs_aMC@NLO + FeynRules +
NLOCT and matched to parton shower in the
MC@NLO scheme

Detector response parametrized using Delphesd

Analysis Vahdated on background processes
tITl i *y

Mass of pair produced real sgluons decaying with

BR(O — tt) = 1 excluded up to 950 GeV

106 k [ I I I [

—_
@)
ot

cross section |[fb]
—_
(@)
\)

—_ =
S 9
)

1.80 T T T T T T 1
1.65 [~ PDF uncertainty T
1.50 [~
1.35
1.20

1.90 | | | | | | | |
1.70 [— scale uncertainty
1.50 -

ONLO/OLO ONLO/OLO

1.30
1.10

020406081012141.61.82.0

sgluon mass [TeV]

number of signal events

0.9 1.0 1.1 1.2 1.3 1.4 1.5 11

sgluon mass [TeV]



Leading order analysis

LO cross-sections for sparticle production at the LHC at vs =13TeV

MSSM MRSSM

— ==t || : — ==t |

107! \ ' ' ’ 107! ' ' ' '
500 1000 1500 2000 500 1000 1500 2000
m; in GeV m; in GeV

13



Leading order analysis

whtle the red Lines are the same

LO cross-sections for sparticle proddctign at the LHC at vs =13TeV
MSSM s
' P ] 10

7“14@@* |
m, = “— 997" |

—  qq—qq
—  49—49

99—99
— q9—qg

MRSSM

Orrssy 1N PO

| _\

| | . 51 s ! |
500 1000 1500 2000 10 500 1000 1500
m; in GeV m; in GeV

2000

squark anti-squark pair proolu.atiow becomes subdominant

13



NLO correctlons



Detour - regularization in SUSY theories

B dimensional regularization (DREG) breaks supersymmetry

gluon Majorana gluino
g" g
degrees of freedom in 4-dimensions

4-2=2 = 2

degrees of freedom in D-dimensions

P-2 7= 2

B Solution - use dimensional reduction (DRED). In DRED, momenta are continued from 4 to
D dimensions, while gauge fields and y-matrices remain 4-dimensional objects.

B PDF are fitted in the MS scheme. Not trivial to combine them with matrix elements
regularized using DRED.

B Solution: do the calculation in the MS scheme and derive MS — DR transition terms by
matching off-shell Green’s functions calculated in both schemes. This fixes UV-part without

altering the IR one.

15



Virtual matrix element - technical side

B FeynArts model containing
renormalization constants
and MS — DR transition

counterterms > I
B Amplitude generated using ",
FeynArts and evaluated in A
FormCQCalc in terms of -
Passarino - Veltman loop
functions ? e
B Check of UV-finiteness
WA L Th
R E
A s S R EEE

Adfter renormalization the result ts ULV-finite but still IR divergent

16



Real emissions

B IR divergences cancelled after including real emission diagrams (Kinoshita-Lee-Nauenberg

theorem) and through mass factorization, e. g

ARG T

B OSplit real emission phase space as (two-cut phase space slicing)

OR — /dO‘R

— /dUR+/ dor split gluown phase space

accoroing to its softness

_ /dUR —I—/ dop _|_/ do split hard gluow phase space
HC according to Lts collinearity

B S and HC parts integrated analytically in D-dimension

O soft and collinear part (S) 1s the source of EI_R2 : elRl

O hard-collinear part (HC) 1s the source of EI_Rl

17



Framework’s validation

B check of UV- and IR-finiteness, check of result independence on the phase space slicing
parameters

B check (())(fj the selected MSSM processes against MadGrapghs_aMC@NLO + FeynRules
+ NLOCT

O € expansion of the virtual matrix elements
O total NLO cross sections

B sgluon pair production within an effective model (SM + octet)

B For MRSSM, ind%Pendent implementation into MadGraphsd_aMC@NLO + GoSam
framework using UFO model with a hand encoded counterterms

B lollowing processes were already validated (more are on the way):
0 pp — OO0

0 PP — qL4R
18



Preliminary results for uu — upug(+g)

B Parameter point:
VS8 =13 TeV,mz = 1.5 TeV,m;, = 1 TeV, ug = pr = myg

O LO result with MMHT20141068cl PDF's

oxRssn = Ortasy = 6.379 = 0.004 fb

0 NLO result with MMHT2014nlo68cl PDF's

oniaon = 9.441 4 0.002 fb

oraan = 9.93 £ 0.01 fb
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Summary and outlook

B MRSSM presents a viable alternative to the MSSM, without some of the MSSM drawbacks

O 125 GeV SM-like Higgs boson with ~1 TeV stops

O 1n agreement with EW precision observables, dark matter searches and collider bounds
B Its collider phenomenology might be quite different from the MSSM

B [ presented first calculation of the SQCD NLO correction to 2 — 2 processes at the LHC
within the R-symmetric SUSY

B Standalone C++ code, called RSymSQCD, allowing to calculate NLLO cross sections for
selected 2 — 2 proggsses is in the re%aration. Version 0.1, containing processes mnvolving
squarks: pp — Q’i(jj 1,7 € {L, R}i should become public before the end of this year
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Thank You!
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