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@ Predictions for EFT at NLO have started to become available
through the MadGraph5 aMC@NLO platform.

@ Automation of the complete SM EFT at dim-6 is planned.
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EFT@NLO motivation

@ NLO predictions in SM are automated in MG5. Ready to explore
BSM possibilities.
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EFT@NLO motivation

@ NLO predictions in SM are automated in MG5. Ready to explore
BSM possibilities.
» Renormalizable theories are taken care of by NLOCT, which
provides UV and R2 counterterms, required at NLO.  Celine Degrande

1406.3030
» = Nonrenormalizable theories ~ EFT.
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EFT@NLO motivation

@ NLO predictions in SM are automated in MG5. Ready to explore
BSM possibilities.

» Renormalizable theories are taken care of by NLOCT, which
provides UV and R2 counterterms, required at NLO.  Celine Degrande

1406.3030
» = Nonrenormalizable theories ~ EFT.

@ EFT is principle “model-independent” (when new scales are heavy
enough)

» Good to have accurate and realistic predictions of rates and shapes
in EFT = NLO+PS
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EFT@NLO motivation

EFT@NLO motivation

@ Ideal framework: MG5 aMC@NLO

» UFO+ALOHA

(support general vertex structure)

Cen Zhang (BNL) EFT@NLO in MG5

20 May

BROOKHAVEN
NATIONAL LABORATORY



s
EFT@NLO motivation

@ Ideal framework: MG5 aMC@NLO

» UFO+ALOHA

(support general vertex structure)

MadGraph FKS

» NLO automation

CutTools MC@NLO
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EFT@NLO mo

“SM EFT”
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EFT at NLO

MGS5 in principle supports but. . .

@ Renormalization?
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EFT at NLO

MGS5 in principle supports but. ..

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable

» Allows for renormalization order by order in 1/A?
» Predictions can be systematically improved, by going to higher order in as,
1/A2,...
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EFT at NLO

MGS5 in principle supports but. ..

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable

» Allows for renormalization order by order in 1/A?
» Predictions can be systematically improved, by going to higher order in as,
1/A2,...

1+O(as)+(’)< >+0(A2)+ o

SM NLO EFT EFT @ NLO
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EFT at NLO

MGS5 in principle supports but. ..
@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable

» Allows for renormalization order by order in 1/A?

» Predictions can be systematically improved, by going to higher order in as,
1/A2,...

» But, operators mix: dC;/dInu = ;G
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O motivation

Renormalization Group Evolution of the Standard
Model Dimension Six Operators
I11: Gauge Coupling Dependence and Phenomenology

Rodrigo Alonso,® Elizabeth E. Jenkins,” Aneesh V. Manohar,® Michael Trott"!

University of California at San Diego, 9500 Gilman Drive,
USA
Department, CERN, CH-1211 Geneva 23, Switzerland

E-mail: ralonsod@ucsd.edu, ejenkins@ucsd.edu, amanohar@ucsd.edu,

“Department of Phys:
La Jolla, CA 92093-031
b Theory Division, Physic:

michael.trott@cern.ch

ABSTRACT: We calculate the gauge terms of the one-loop anomalous dimension matrix for
the dimension-six operators of the Standard Model effective field theory (SM EFT). Combin-
ing these results with our previous results for the A and Yukawa coupling terms completes
the calculation of the one-loop anomalous dimension matrix for the dimension-six operators.
There are 1350 C'P-even and 1149 C'P-odd parameters in the dimension-six Lagrangian for
( 3 generations, and our results give the entire 2499 x 2499 anomalous dimension matrix. Wo)
discuss how the renormalization of the dimension-six operators, and the additional renormal-
ization of the dimension d < 4 terms of the SM Lagrangian due to dimension-six operators,
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EFT at NLO

MGS5 in principle supports but. . .

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable
» Allows for renormalization order by order in 1/A (A = NP scale)

» Predictions can be systematically improved, by going to higher
order in as, 1/A?,...

» UV counterterms required for NLO can be readily derived from RG
results.
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MGS5 in principle supports but. . .

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable
» Allows for renormalization order by order in 1/A (A = NP scale)

» Predictions can be systematically improved, by going to higher
order in as, 1/A?,...

» UV counterterms required for NLO can be readily derived from RG
results.

@ R2 for dimension six?
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EFT at NLO

MGS5 in principle supports but. . .

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable
» Allows for renormalization order by order in 1/A (A = NP scale)

» Predictions can be systematically improved, by going to higher
order in as, 1/A?,...

» UV counterterms required for NLO can be readily derived from RG
results.

@ R2 for dimension six?

» NLOCT is able to handle most cases. CeinelDogance

1406.3030
» Four-fermion operators are being studied.
YA VP PL® Yy Yo PL = 4(4 — (X)) PL® v PL + E,
E="evanescent” operator
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EFT at NLO

MGS5 in principle supports but. . .

@ Renormalization?
Despite being called “non-renormalizable”, higher-dimensional terms are renormalizable

» Allows for renormalization order by order in 1/A (A = NP scale)
» Predictions can be systematically improved, by going to higher
order in as, 1/A?,...

» UV counterterms required for NLO can be readily derived from RG
results.

@ R2 for dimension six?

» NLOCT is able to handle most cases. Geline Degrende
» Four-fermion operators are being studied.

@ Higher rank loop integration?
» in principle ok for rank < 7, thanks to IREGI [H. S. Shao]
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Outline

e Applications
@ Higgs EFT
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Higgs characterisation

»HCI:“A framework for Higgs characterisation”
Artoisenet, de Aquino, Demartin, Frederix, Frixione, Maltoni, Mandal, Mathews,
Mawatari, Ravindran, Seth, Torrielli, Zaro, JHEP| 1(2013)043 [arXiv:1306.6464]

»HC2:“Higgs characterisation viaVBF/VH: NLO and parton-shower effects”
Maltoni, Mawatari, Zaro, EPJC74(2014)2710 [arXiv:1311.1829]

»HC3:“Higgs characterisation at NLO in QCD: CP properties of the top Yukawa”
Demartin, Maltoni, Mawatari, Page, Zaro, EPJC74(2014)3065 [arXiv:1407.5089]

» HC4: Higgs production in association with a single top quark at the LHC
Demartin, Maltoni, Mawatari, Zaro, EPJCxx(20 | 5)xxxx [arXiv:1504.006| I]

»Sec.l1 (spin/CP) in YR3 of the LHC Higgs Cross Section Working Group (HXSWG)
de Aquino, Mawatari [arXiv:1307.1347]

BROOKHAVEN
NATIONAL LABORATORY



Higgs characterisation

@ Framework for studying Higgs couplings

@ The following operators are implemented: (in EW broken phase)

Eé =- Z uT’f(CnKII!]ngf +iSakarrgass '75)1i’jX0
f=thr
; 1 —
v — {q tsnt [=Gnzs ZuZP + Guww WIWH parameter description
0 v [2 e e } A [GeV] cutoff scale
e G A A+ S g A B ca(=cosa)  mixing between 0% and 0-
4 p 4 Ki dimensionless coupling parameter
1 ~
= 5 [Cauzguz, Zuw A" + Sakaz9azy Zuv AN
1 ~
- = [(‘ KrggGngg Gz,,G“““’ + SakKagg9age Gf,,,G“""’]
[Cnh ZpyZM + 55K az7 Z, ,2‘“’] .
-%A nzz Lpv 12z L /bln/mgS aMC
- §Z[C"""“ w Wi W 4 sqaww Wi W] >import model HC NLO XO

>generate p p > %0 t t~ [QCD]
>output pheno2015
+ (K,.WW'J@“W‘“”+h,(»,)}}X0 >launch

1
— 4 [Kuoy AvOuAMY + Koz 2,8, 2"
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Higgs EFT

Higgs characterisation: ttH

020 | ppsiiX, at the LHC13 (shape comparison) |

NLO+HERWIGE — 0
0.18 - pr(Xo) > 200 GeV ——gew ]

LHC 13 TeV pp - iXy NLO
— 0 Inclusive cross sections pp — Xy NLO
Lo = —Vr(cakmugie + isakaugaes) e Xo ]| Elnoniusioni@fSMirte 82 > ZX,y LO
01a 0F(SM) K =1 (ca=1) 1 jof | a2 g8 XoXo LO
0 Kaw=1(ca=0) £=-%3,
012 0* Kurean =1 (ca =1/v2) ]
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MadGraph5_aMC@NLO

1.00
050 [~
200
150
1.00

. . . . .
Xo— vy decay width EFT m, y—00
Ratio to SM Exact

a]

050
2.00

1E L 1 1 L
0° 30° 60° 90° 120° 150° 180°
o

More details in arXiv:1504.00611
Real HEFT coming soon.
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Loop-induced

Top-loop induced processes modified by top chromo-dipole operator
Lerr = Lsm + CigOg/N?

b A H

(gg > H [arXiv:1205.1065 C. Degrande et al.] reproduced)

“hromomagnetic operator in gy =02
Chromomagnetic operator in HH =032

iromomagnetic operator Cg =02 ——
Chromomagnetic operator in HH I

LHC13 LHC13

001 o= 125 G i = 125 G
300 400 500 600 700 800 900 1000 oo 0 50 100 150 200 250 300 350 100 150 500
My [GeV] i [GeV]
v v
. ey
C.Y. Chen, S. Dawson, F. Maltoni, E. Vryonidou, CZ
Cen Z EFT@NLO in MG5 20 May 17




Outline

e Applications

@ Top, FCNC sector
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Top FCNC@NLO

@ C. Degrande, F. Maltoni, J. Wang and CZ, arXiv:1412.5594
Automatic NLO for FCNC processes.

@ G.Duriex, F. Maltoni and CZ, arXiv:1412.7166
A global approach to FCNC couplings.

Mixi lor-dipol Yuk:
ixing between color-dipole and Yukawa Operators

1.0

oD = yigs(@s"” TANBGH,

13 = -
04 O,(,W) = ygw(@e"" w'Hew),,
1 = -
03 o = yiay (30" H)@Buy
13 =\ o~
g ol = -y (¢ e)ane
° 02 <
S
0.1

Anomalous dimension
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9 3 N
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v
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FCNC operators
Q @rnz.

ijg+3) =i (APTTID“(,D) (E]’YHTIQ)

OS&;+3) =i (Apruap) (Zw“o)

o0rY =i (¢ Duw) (@v*1)
uoH¥ g, t)V,,, “weak dipole”
i

o) = (o ~'HEw,

o) = (TJU“"f)@BMu
uoH¥ g, t)G,,, “color dipole”
n
13 = -
OEIG) = (go"” TAt)LpGﬂU

Q utn. vukawar

oY = (ot e)ane

Cen Zhang (BNL)

FCNC t decay

FCNC t production

LH| A

EFT@NLO in MG5
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Applications Top, FCNC sector

FCNC processes

FCNC t decay

@ We provide an NLO UFO based
on dim-6 FCNC operators, that

allows to make NLO predictions
in an automatic way.

@ Focus on single top production ~  FCNC tproduction
pp — ty, pp — tZ, pp — th.

» Competitive limits

» More kinematic variables
accessible.

> Probe higher scale.

> NLO corrections are significant.

LH| A

20 May

21




FCNC production at NLO

your_shell> ./b

in/mg5

import model Top_FCNC
generate p p > t z $$ t~ NP=2

[QcD]

LO

NLO

Scale uncertainty

Scale uncertainty

MG5_aMC>
MG5_aMC>
MG5_aMC> output
MG5_aMC> launch
pp — tZ
Coefficient  ofb]
Co =10 905
1737
30.1
294
73.2
172
6.92
6.58

+12.9% — 10.9%
+11.5% — 9.8%
+17.5% — 13.8%
+17.7% — 13.9%
+10.4% — 9.3%
+7.5% —1.2%
+11.3% — 9.9%
+11.5% — 10.1%

10.6
10.0

+6.2% — 5.6%
+6.6% — 6.2%
+3.8% - 5.2%
+3.4% — 5.1%
+6.5% — 59%
+6.1% — 5.2%
+5.8% — 5.4%
+5.7% — 5.3%

pp — ty
LO NLO
Coefficient  o[fb] Scale uncertainty o[fb] Scale uncertainty
CU =10 546 +144% — 11.8% 764 +6.9% — 6.4%
{ 100 +12.0% — 102% 234 +152% — 115%
0.739 +11.50% - 9.8% 1.19  +7.7% — 6.5%
152 +10.6% —9.6% 258 +6.8% — 6.0%
0.590 +12.1% — 11.1% 195 +16.4% — 12.3%
C2) veto 0457 +122% - 11.2% 1.04 +10.3% — 8.9%
v
pp — th
LO NLO
Coefficient  o[fb] Scale uncertainty o[fb| Scale uncertainty
2603 +13.0% — 11.0% 3858 +7.4% — 6.7%

04 401 +16.5% —13.2% 50.7  +4.0% — 5.2%
=35 171 +97%-87% 310 +73%-63%
Cl2) =009 953 +11.0%-97% 166 +55%—5.1%

v
20 May 22

EFT@NLO in MG5



Outline

e Applications

@ Top, flavor diagonal sector
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Applications Top, flavor diagonal sector

Top flavor conserving

Based on:
Diogo B. Franzosi and CZ, arXiv:1503.08841
and work in progress

Cen Zhang (BNL) EFT@NLO in MG5 20 May
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Applications Top, flavor diagonal sector

Chromo-dipole operator

Top-CMDM in (f production
@ Lerr = Lsu + CigOi/N?

your_shell> ./bin/mg5 LO diagrams at O(C/A2)
MG5_aMC> import model Top_EFT_model

MG5_aMC> generate p p > t t~ EFT=1 [QCD] ”’“E “””E ;}m<
MG5_aMC> output some_DIR e s

MG5_aMC> launch . <

@ Total cross section: K = 1.43 at LHC 8 TeV

Cross sections Limits
Bi1| LO [pb ’I(‘i/;]) NLO [pb Ej\;ﬂ/) K factor LO [TeV72] NLO [TeV—Z]
Tevatron| 1.61705% 2 181070958 (Tloeegy| 1.12
s (e ) Tevatron | [-0.33, 0.75] | [-0.32, 0.73]
LHC8 | 50.7+173 (F500) [72.627928, P20 | 143
50 LHC8S  |[-0.56, 0.41]| [-0.42, 0.30]
LHC13 [161.6%353 (72701 23957200 H2 % | 148 -56, 0. 42, 0.
55. 0% X 9%, | _
LHC14 [191.3755 (2007 283.0#335 (1190 | 148 LHCI14 |[-0.56, 0.61]| [-0.39, 0.43]
PUSS—— |

(BNL) EFT@NLO in MG5 20 May 25




Applications

Chromo-dipole operator

@ Distributions
Arg = 0.095 + CtG x 0.021 (TeV//\)2

@ Spin correlation taken into account by MADSPIN.

{t invariant mass

dofdm, [pb/GeV]
B
5

Top, flavor diagonal sector

Decayed top: spin correlation

pp -t at LHC8

(N)LO+HERWIG6

CJN=1Tev?
[ISMLO [ISM NLO
[[10cLO [0 NLO

(Lo)dard|A g

—NLOLO, 0, — NLOILO, SM

450 500 550

my [GeV]

600 650 700 750 8

S MadGraphs_aMC@NLO

pp —tiat LHC13
(N)LO*HERWIG6

" SM(NLO)+O (NLO)

T SM(NLO)

EFT@NLO in MG5

v b b b b L Ly
05 1 15 B 25 3

Iaqin]
20 May

MadGraph5_aMC@NLO
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Full set of top couplings

@ ttv/ttg, EM/color dipole

O = (Q"")3Bu O = (Qu" TA)$Gp,

° W
> V/A
O, = (¢ Dur'o)(@r'4#Q)  Opy = i(3' D) (Brb)
> Weak dipole
Ow = (Qo"*r')gW,,  Opw = (Qo"*r'b)pW/,
@ 1z
> V/A

00% = i(p"Dup)(@y#Q)  Opu = i(¢! Duip)(Br1)

> Weak dipole Oy
@ itH

01, = (T p)(Q1)3 {nosRUEN



Towards NLO global analysis

Process Oc Os Ow O OV} Ou On Oy Oz O
TS bW bl X X X X

pp — tq X X X X

pp — tW X X X X X X
pp — tt X X X X X
pp — tiy X X X X X X X
pp — {iZ X X X X X X X X X X
pp — tth X X X X X

(0g = gsMBCGAv GBPGSH and 0,6 = g2 («pﬂp) G, G are included because they mix with other top-quark operators
and play a role in NLO calculations.)

we aim to provide:
@ NLO simulation for all “pp — - - - ” processes.
@ All two-quark operators included.
@ Four-fermion operators planned.
i.e. everything needed for a global analysis of top couplings at NLO accuracy. BnoowHRYEN

Cen Zhang (BNL) EFT@NLO in MG5 20 May 28



Applications Top, flavor diagonal sector

Some preliminary results: tiZ @ LHC13, pT of Z

ttZ at LHC13
NLO+PYTHIAG
C,/N?=2/(1 Tevy
— SM
—— SM+0,,

t-channel singl top *

t-channel single t at LHC8

o (N)LO+PYTHIAG s L
€/ A2=1/(500GeVY? %
0. ——— SM(NLO) H;o o
T swoyo, 10) g
o —— SM(NLO)+O"A(NLO) 3

S MadGraphs_aMC@NLO

ol benn b b v benn b ber o by
50

o 9 100 150 200 250 300 350 400 450 S
B z P, [Gevl
8 S )
o
g\
15 L L \\ L L ‘MO‘W(NLO)DOM(LO) _'é’ ttZ@LHC13, A(P”
% 0.0012
T R RN o = r tZ at LHC13
50 100 150 200 250 300 r NLO+PYTHIAG
pT top [GeV] o001~ C,/N=2/(1 TeV)
i v r — SM
L —SM+O‘W
. . OOODST
Weak dipole (Owy) in: s
%00006;
@ Top left: t-channel single top, pr top, P R
LHCS. Euooua; i‘i)
L =
@ Top right: #Z production, pr Z, LHC13. 000z g
@ Bottom right: #Z production, A, of SUSTETTTETTITETETETITTE B
leptons from Z, LHC13. 2g,[GeV]

Cen Zhang (BNL) EFT@NLO in MG5 20 May 29



Outline

e Applications

@ DM collider signal
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DM at collider

@ Dark matter EFT provides a framework for mono-X searches at the LHC,
with minimum number of free parameters

. bM
Q.-H. Cao, C.-R. Chen, C. S. Li, and H. Zhang, arXiv:0912.4511 r_
M. Beltran, D. Hooper, E. W. Kolb, Z. A. Krusberg, and T.M. Tait, arXiv:1002.4137 ~
Y. Bai, PJ. Fox, and R. Harnik, arXiv:1005.3797 Y~ _ DM
J. Goodman, M. Ibe, A. Rajaraman, T.M. Tait, et al., arXiv:1008.1783
P J. Fox, R. Harnik, J. Kopp, and Y. Tsai, arXiv:1109.4398
VA

@ Alternatively, simplified models are proposed to incorporate the
complete degrees of freedom, i.e. without integrating out propagators.

J. Alwall, P. Schuster, and N. Toro, arXiv:0810.3921
D. Alves et al., arXiv:1105.2838
J. Goodman and W. Shepherd, arXiv:1111.2359

BROOKHAVEN
NATH
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DM at NLO

@ DM processes in MadGraph5_aMC@NLO are being investigated.
F. Maltoni, K. Mawatari, A. Martini, M. Backovic
M. Neubert, J. Wang, CZ
O. Mattelaer, E. Vryonidou
M. Kraemer, M. Pellen

B. Fuks,...
@ General framework, simplified models for the moment, (EFT will come later?)

@ Currently s-channel simplified models for effective operators D1 — D14, C1 — C6, R1 — R4
plus EW

NATIONAL LABORATORY



DM at NLO

@ DM processes in MadGraph5_aMC@NLO are being investigated.
F. Maltoni, K. Mawatari, A. Martini, M. Backovic
M. Neubert, J. Wang, CZ
O. Mattelaer, E. Vryonidou
M. Kraemer, M. Pellen

B. Fuks,. ..
@ General framework, simplified models for the moment, (EFT will come later?)
@ Currently s-channel simplified models for effective operators D1 — D14, C1 — C6, R1 — R4

plus EW
£YU — 1/\93 XaXe Y Yo 1 2 S ~a,uv P xa,uv
Xp = 3\ 9IxgXRXRY0 LSMg:XGW(ggG +9, G Y
+/\g§cxgxcyo
- (S P
+ Xp(gx, + 19x,)Xp Yo .
" S s 2
Lomew = ~ 9 (D*¢)T (Dus) Yo +gmhlal® Yo
1 .
Y, P P T By (95 B + 95 B*) Yo
Es%” = Z [di(gdij + IQdij)dj q . _ .
1, + X Wby(gﬁv Wuuu +aly W/,uu) YO
+ Bilaly; + i )] Yo BRooKHnUEN
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DM at NLO

@ DM processes in MadGraph5_aMC@NLO are being investigated.
F. Maltoni, K. Mawatari, A. Martini, M. Backovic
M. Neubert, J. Wang, CZ
O. Mattelaer, E. Vryonidou
M. Kraemer, M. Pellen

B. Fuks,. ..
@ General framework, simplified models for the moment, (EFT will come later?)
@ Currently s-channel simplified models for effective operators D1 — D14, C1 — C6, R1 — R4

plus EW
Y - v . A
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Applications DM collider signal

DM at NLO

DM processes in MadGraph5_aMC@NLO are being investigated.
F. Maltoni, K. Mawatari, A. Martini, M. Backovic

M. Neubert, J. Wang, CZ

O. Mattelaer, E. Vryonidou

M. Kraemer, M. Pellen

B. Fuks,...
General framework, simplified models for the moment, (EFT will come later?)

Currently s-channel simplified models for effective operators D1 — D14, C1 — C6, R1 — R4
plus EW

Generic framework for mono-X signals: automatic NLO+PS for arbitrary process.

mono-Z production at the 13 TeV LHC

your_shell> ./bin/mg5

MG5_aMC> import model DM_simp_NLO_UFO

MG5_aMC> generate p p > z xd xdn
MG5_aMC> output
MG5_aMC> launch

[OCD]
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EFT@NLO in MG5
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Outline

e Summary
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Summary

Summary

@ Predictions for EFT at NLO have started to become available
through the MadGraph5_aMC@NLO platform.

@ Automation of the complete SM EFT at dim-6 is planned.

BROOKHAVEN
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Summary

Backups
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Mono-Z at LHC 13:
@ i(X]0.Xe — 0 XIXe)(@1#~°0)
@ Mg = 1000 GeV.
@ Cuts follow CMS mono-Z at 8 TeV.

Top left: Fixed order.
Top right: PS.
Bottom right: PS + jet veto.
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Summary

I realized that even without a cutoff, as long as every term allowed by sym-
metries is included in the Lagrangian, there will always be a counterterm
available to absorb every possible ultraviolet divergence by renormalization
of the corresponding coupling constant. Non-renormalizable theories, I re-
alized, are just as renormalizable as renormalizable theories.

“Effective Field Theory, Past and Future”, Steven Weinberg, 2009
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Toy fit FCNC

a global fit for the FCNC sector at NLO can already be performed.
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FCNC results

@ pp — ty and pp — th at NLO+PS: pr distribution for top (A=1 TeV)

pp — ty pp — th
F pp -ty at the LHC13 F pp —th at the LHC13
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Summary

Toy fit flavor-diagonal

@ Use 8 TeV data, total cross section only.

@ Following processes are included

> W helicity from top decay.

> {t production.

> Single top production, all 3 channels.

> {tZ and tty. B

> Assuming Z — bb takes the SM value.

@ Simple X2 fit.

@ Limits (A = 1 TeV, 95%,) (preliminary)

Cia Csz;) Cot Cig Crw

NLO [-4.3] [321.7] [9.0509] [163,373] [2.4,1.4]
[0 [6.5] [3619] [-10669] [222506 [2.4,1.6]

@ Key message: this is not a serious fit, but it demonstrates that
the theoretical ingredients for performing a global fit are already available.

BROOKHAVEN
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Top-DM couplings

@ Scalar mediated quark-DM interactions:
Mmg_ _
O = 3493
where my is fixed by minimal flavor violation.

@ DM production in association with t can enhance the reach of the LHC.
Lin, Kolb, Wang
1303.6638
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ummar

MET Transverse mass

N t+MET at LHC13
NLO+PYTHIAE
L=g,Slt+g SXX, 9,0,=100
M,=1000 GeV
Eu 102
[]t+DMm

tt+MET at LHC13
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