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Motivation

« Same-charge (same-sign SS) top-quark pair production is strongly suppressed in the Standard

Model (SM) d/s/b
u/c — > t
« Very clean signature in the dileptonic final state
W W
= High py same-charge lepton pair (++ or - -)
u/c —» > t
= Two b-jets d/s/b

. tt)oy ~ 4-10715 pb
= Missing transverse momentum a(pp = tt)sm p

* Observation would imply the existence of new underlying physics

* First ATLAS search for same-sign top-quark pairs using SM Effective Field Theory (SMEFT)
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Effective Field Theory

arXiv:2409.14982

Three four-fermion operators are considered: 0533, 0(013, Ogg — Different chirality RR /LR

1
qq—tt _ (D AM) (1) A(1) (8) A(8)
- L= e (cm O +¢5,00u+ cQuOQu) + h.c.
U t
 Only quadratic EFT termsand A = 1 TeV
» Default signal sample simulated with following Wilson coefficients (WCs):
. cg) = 0.04, c(Ql,z = 0.1, cgg = 0.2 — balanced cross-sections
(7 t

= g(pp - tt) =97.6th & o(pp — tt) = 2.4 1b

= Highly charge-asymmetric

Different WCs setups created by reweighting
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Analysis strategy ( Prefiminary same-sign )

lepton event selection

) 4

arXiv:2409.14982

 Full Run 2 pp collision data at /s = 13 TeV, 140 fb? ( — )
Signal vs Signal NN (NNSs9)
* Neural networks (NNs) are used to split events in K \
signal regions (SRs) and validation regions (VRS) ( SRR ) Split by total ( S )
lepton charge
. SR are spit by charge and EFT operators < l __________________________________________________________________________ l ___________________________ i ______

« Control regions (CRs) described on next slides

» Used to constrain normalisation of the background

processes

« Combined binned profile-likelihood fit over the

SRs+CRs simultaneously
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Signal vs Signal NN (NN>Vs5)

« Goal: Discriminate signal events originating

D D qr @
fromc,,” vs ¢, Or ¢y,
(1)

= No further split between c,,;
being hardly distinguishable

and céi) due to

* Only trained on signal events

« Two different signal samples used for training:

« ¢ =0.04 > ci) =0, c5) =0
= oyl =01y, =02 -¢c)=0

« Simple DNN (5 hidden layers)
» Using odd/even cross-validation

e 9 input variables (Amgg, A¢g€, AR{& )
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DIStIﬂgUISh baCkground frOm Slgnal ( Initial same-sign J
lepton event selection
« Trained NN®VSB for each of the four regions A4
Evaluate with
« Same training and architecture as for the NN>vsS (S'g"a' vs Signal NN ‘””5"55)
« Split by_f:harge due to different kinematics for ( —— ) ( — )
tt and tt Split by total

. lep _ jetO SR+VR SR+VR SR+VR SR+VR
6 input variables (Hy?, py", Nigts, ---) [ (5] (S |]

« NN>VSB output distribution used in the profile Siamal o B NN (NS5
ikelihood fit for the SR

A 0e<2.5
or I | ‘
SR SR SR
ctu++ ctu-- cQu++

NN output NN output NN output NN output
4 bins 4 bins 4 bins 4 bins

 Finalize SR definitions by requiring A®, , = 2.5

= Events with Ad®,, < 2.5 used as VRs

.<—|
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Analysis makes use of 9 CRs
« 5dilepton (2¢) CRs:

= All 2¢-CRs are enriched in heavy flavor e or u fakes CRs

» Orthogonal due to N,,_¢,gs and lepton isolation requirements

« 4three lepton (3¢) CRs:
= ttZ CR
= Diboson CR
= Material / internal photon conversion CRs

» Orthogonal due to requiring 3 leptons (electrons / muons)

 Normalization of major background processes constrained in the binned profile likelihood fit
with dedicated CRs

« Dominant background: ttW

= Normalisation constrained by bins with low NN output score in the SRs
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Systematic Uncertainties

« Apart from statistical uncertainties ttW modelling uncertainties have the largest impact on the final results

* Normalizations of major background process constrained via the CRs
= For all other processes a normalization uncertainty is applied
» For larger backgrounds additional modeling uncertainties are applied by comparing the nominal sample
with an alternative sample — details in paper / backup:
= Parton shower and hadronization variation (¢tW, ttZ, ttH)

= Generator variation (ttW, ttH) — different matrix element generator

Statistically

= Scale variations (ttW,ttZ,ttH,VV) dominated analysis |

» Using the full set of ATLAS experimental uncertainties
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ReSUItS T CRS [ 1055 | T T T | T T T
S F ATLAS ¢ Data B Fourtop [ JttW
0 s =13 TeV, 140 fb mtH T lirda) [T Int Conv
« Very good post-fit agreement in the CRs .| Post-Fit MDiboson  [IHFu W HFe
10°F @ Mat Conv  []QMisID []Other
o : : : AL inty --Pre-Fit Bkg.
- All normalizations are in agreement with : 77 Uneertainty. == Pre-Fit kg
the SM, except ttW ok |
= Known excess — in agreement with :
ATLAS ttWcross-section measurement
10°
ATLAS
15—0— 1.15 %7, u(ttz)
i 10
| —e— 1.37 %5, W (ttW)
—§°— 1.06 06?:3 u(IntConv)
E L . | . |
—— 0.90 %% W(HF p) 2 ! ;
| @ 125}
e 088°7 | wHFe) § 1%’%‘% Wﬂ/‘% W /%’//f’ /r’r’v’//‘//«';,v#f
X 0.31 075
- 1.19 5, u(ExtConv) : ]
| 05 C | C | C | C
—— 068°% | wDiboson) Ry ’?H "?H Cr Cr Cr, R R Ry
R T T u Sy Ty iy, Fe Ty HP@MM ™ Con, Ma’Conu#Z g
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% 300l ATLAS | QlDala ----- II§FTtt % 1801 ATLAS | olData " II§FTﬁ
ReSUItS — SRS i {s =13 TeV, 140 fb” =tF_tﬁ|urtop Egg{ﬂ @ gl Vs=13TeV,1401b" =Eaurtop Eg:%y*)
250F gon;t:fr =Int Conv Il Diboson 140t i?;t:“ [ Int Conv Il Diboson
| -;\ﬂc Eg'r\:f ID =mlc Eg'r;? ID
at Conv [ at CGonv 1S
B . 200F EOther <~ Uncertainty 120p Dgthel:r B < Uncertainty
--- Pre-Fit Bkg. --- Pre-Fit Bkg.
« Good post-fit agreement in the SRs i ek
* No significant signal contribution
observed 5 5 0
o & 1.25 j """"" :
E :_:; 1 :{ﬁf{:{*‘_/_’:{f_{f_’}’-ﬂ///ﬁ' //z‘-////;—///;‘i‘/;‘%—/;é‘/f-/ﬁ“-/*w/%r
. 3 somsp T ? """""
u AII three WCS fltted to < 10 6 0 0.25 0.5 0.75 1 0'50 0.25 0.5 0.75 1
NN®*Boutput NN®"*Boutput
£ 250 ' Dat EFTH g 1e0f ATLAS | Dat EFTE
. . . : : r ATLAS ¢ Data ¢ Lata :
* Negligible signal contribution is not T v o mEanep W v o mraner W |
SR cQu ++ @tH m(zy) 1408 sR cqu - @t mti(zy)
| PostFit =Int Conv Il Diboson Post-Fit @ Int Conv I Diboson
h in the ol - Bl com e 2 Bhioicone Mowte
al nv I
S Own In t e p OtS aoﬁwronv I/:l/,L.Jnc:I:rtainlg,r 100k DC)‘(herO /,Unc:rtainly
150F --- Pre-Fit Bkg. --- Pre-Fit Bkg.
« Setting 1D-limits on the WCs by scanning
. . . . . 50+
the likelihood while varying a single WC
t t %’ 1.22- __________________ P RSNV DYV , E-? 1250
at a ume P 1/-79//-+-///f-ﬁ%fif*/f%ﬂ#ﬁ%%/fﬂﬁ;%?&fﬁ o :/.’;/;2;577‘//—?%#-/%//-74%}?‘7%7&?%/7///%/{////%
8 0.75¢ 8 075
0'50 0.25 0.5 0.75 1 0'50 0.25 0.5 0.75 1
NN®*Boutput NNS*Boutput
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Signal parametrization in the SRs

For each SR bin the EFT parametrization
for the three WCs is fitted

= Uses all available EFT samples
» Allows to fit any set of WC values

* Direct connection between WC values and
cross-section

« Parameterization is fitted individually for

[Cttw
Et(Z/y")
[l Diboson
W HFe

[ ]QMisID

~ Uncertainty

w
& 300| ATLAS ¢ Data
i f5=13TeV, 140 1b m F_i'ur top
SR ctu ++ [t
250 Ei [ Int Conv
Post-Fit CIHFy
[ Mat Conv
200+ [1Other
----Pre-Fit Bkg.
s
100+
50
o ot = i
M 1.25}
s 1
S 075

75 1
NN**Soutput

each SR | | | |
« Used to derive limits by scanning different Y
sets of WC values ° —

wc WC¢ wc wc¢
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« 1D observed (expected) limits at 95% CL.:

-
(1) (1) (8) 2 20
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.. . . )
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Summary & Conclusion

arXiv:2409.14982
Wilson Coefficient limits at 95% CL x100

Uncertainties cf}t) cgi cgi
* Results are In agreement with SM Statistical uncertainty only [-0.65, 0.65] [-1.9,1.9] [-3.9, 3.9]
Statistical + modeling uncertainties [-0.67, 0.67] [-1.9, 1.9] [-4.0, 4.0]
e NO Significant Signa| detected Total uncertainty [-0.68,0.68] [-2.0,2.0]  [-4.1,4.1]
L . . . . . . ATLAé — Obsérved Limits
« Precision limited by statistical uncertainties Vs =13 TeV, 140 b~ === RUN 1 Same-sign leptons [1]
Marginalised
B A=1TeV — 68%CL
« Observed upper limit at 95% CL: o(pp — tt /tt) < 1.6 fb - 95% CL
CSI)_ --:=--
. : oo 1 A .(8)
Most stringent limits on c,, » Cou €ou ol e
u  WmEmmmmmmmmmmmememmems

= Improving previous WC limits by a factor of = 10

(8) L 1 E—

CQU ----------------------------------

[1] ATLAS, JHEP 10 (2015) 150

02  -041 00 01 = oz
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Data and MC simulation

M C I h . Process Generator ME order PS PDF (ME) Tune
°
Sam p €s shown in SS rt/it EFT signal MADGRAPHS_AMC@NLO LO PYTHIA 8 NNPDF3.0Lo Al4
ren h r f r h HW SHERPA 2.2.10 NLO SHERPA NNPDF3.0NNLO SHERPA default
ADGRAPHI_A ) ) YTHIA 8) .ONLO)
pa _e t _eses are used . 0 t € (MaADG 5_AMC@NLO) (NLO) (P 8 (NNPDF3.0 (A14)
estimation of systematic (Powio Bow BLO)  Byman®) (ONPDR2LO) (ALD
. . OWHEG Box ) ERWIG 7.2) .ONLO) .2-Default)
uncertainties G MADGRAPHS_AMC@NLO NLO  PyTHIAS NNPDF3.INLO  Al4
ttH PowHEG Box NLO PyTHIA 8 NNPDF3.0nLO  Al4
.. ‘g . (PowHEG Box) (NLO) (HerwiG 7.04) (NNPDF3.0nL0) (H7TUE-MMHT)
» Electron charge misidentification (MADGRAPHS_AMC@NLO) (NLO) ~ (PyTHIA8)  (NNPDF3.0NLO) (A14)
b k d . . d f d 1Z/y* MAaADGRAPHS_AMC@NLO NLO PYTHIA 8 NNPDF3.0nNNLO Al4
ackground Is estimated from aata (MapGRAPHS_AMC@NLO) (NLO)  (HERWIG7.2) (NNPDF3.0NLO) (H7.2-Default)
. (MADGRAPHS_AMC@NLOQO) (NLO)  (PYTHIA 8) (NNPDF3.0nL0) (Al4 Var3c)
usSI ng Z — ee events till MapGrAPHS_AMC@NLO NLO PyTHIA 8 NNPDF3.0nLO Al4
tr PowHEG Box NLO PyTHIA 8 NNPDF3.0NnLO Al4
O ( 1 ) - u — s-, f-channel, PowHEG Box NLO PyTHIA 8 NNPDF3.0nLO Al4
= l‘R uR] [IR uR] Wt single top
b
tu ) y yu Z — [*]7 (matCO) PowHEG Box NLO PyTHIA 8 CT10NLO AZNLO
S Py Z — I +(y*) PowHEG Box NLO PyTHIA 8 CT10NLO AZNLO
u
0, — QL‘)/ q L] [Q LYu4 L] R Z - SHERPA 2.2.1 NLO  SHERPA NNPDF3.0NNLO SHERPA default
Qq i W+jets SHERPA 2.2.1 NLO SHERPA NNPDF3.0NNLO SHERPA default
( 3 ) — a — a Vy SHERPA 2.2.8 NLO SHERPA NNPDF3.0NNLO SHERPA default
OQ = QL’)’H g qL] [QL)/H a qL] s VV,qqVV, SHERPA2.2.2 NLO SHERPA NNPDF3.0NNLO SHERPA default
q - VViowmge, VVV
( 1 ) — _ HZ[y"), ttt, tWH MaDpGrAPHS_AMC@NLO LO PYTHIA 8 NNPDF23Lo Al4
O — QL'V” qL] [IR')/ uR] , HW*W ™, tfZZ, ttHH MADGRAPHS_AMC@NLO LO PyTHIA 8 NNPDF2.3Lo Al4
Qu - H tW(Z[y"), tWH, tHgh MADGRAPHS_AMC@NLO NLO PyTHIA 8 NNPDF3.0nLO Al4
(8 ) — 1 A _ A VH Pownea Box NLO PyTHiA 8 NNPDF3.0nLO  Al4
O, =0 y"T tRYul “uRr]
Qu L Ly QL] [ [1 ¢

12/11/2024 Aaron van der Graaf 15



technische universitat S A AS

dortmund EXPERIMENT

Event and object reconstruction

Leptons

« Using single- and dilepton-triggers

e pt > 10 GeV

¢ |77Cluster| <1370r1l52< |77Cluster| < 2.47 (e) and |77| < 2.5 (u)

Jets

« Jets reconstruction via PFlow:

AR = 0.4 In| < 2.5
pr > 25GeV JIVT > 0.5 for pr < 25GeV, |n] < 2.4

« B-tagging of jets via DL1r:

12/11/2024

60% and 77% WP are used in this analysis

Aaron van der Graaf

Use BDT discriminate (PLIV) to suppress
non-prompt leptons

Reject background electrons with wrong
charge assignment with ECIDS BDT

Sequential overlap removal
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Control region definitions (tables)

CRHFTM CRHFMT CRHFMM

PiP [GeV) >20

BDT WPs (same-sign £ pair) ™ MT MM

Nicts >2

Nb—taggcdjcts 1 at 77%

Total lepton charge ++ or - -

mr(all £, EI) <250 GeV -

VV CR ttZ CR CR Int Conv CR Mat Conv

p];p [GeV] > 20 (SS pair), > 10 (OS)
BDT WPs Minc Minc (SS pair) Line (OS)
Total charge +1
Electron Conv. candidate - Int. Conv. Mat. Conv.
Niets 2or3 >4 >0
Np—taggedjets 1 b-tagged jet at 60% WP || > 2 b-tagged jets at 77% WP 0 at 77%
|m5;:'05 —le < 10 GeV > 10 GeV
|m(€66) — mz| - - < 10 GeV
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Merged regions (SR+VR)

22 T T T T T T
T ATLAS ¢ Data - EFTttc))
G | 5=13Tev, 140" . EFTttc, MMFourtop |
SR+VR ++ Ctw [DtH
Post-Fit Wtz [JInt Conv
10'F [l Dibason [ HFu 1
WHFe B Mat Conv
10tk CJQMisID [JOther ]
~ Uncertainty
102 L
10
=2
& 125 B
= 1./,954;;.:......,./‘9‘,.;.*.... Sy +.y//,;4 //g/ i
8 075 l ]
%% 100 200 300 400 500 600 700
HE [GeV]
@ T e e
5 ATLAS ¢ Data - EFTttc))
D sl =13Tev,140%"  .EFTtc, MFourtop |
SR+VR ++ dw [t
Post-Fit Wiz [ Int Conv
10'F WDiboson  [JHFu 1
BWHFe B Mat Conv
10l []QMisiD [[]Other 1
27 Uncertainty
) 1 1 1 I ! I I
g
@ 1.25 }
e 1-4'--.—4‘&7«*--4.‘-/@//%( ///#ﬂ/// G v
o
8 0.75 ]
0-% 700 200 300 400 500 600 700 800 900 1000
m, [GeV]

Events

Data / Bkg.

T T T T T
ATLAS ¢ Data - EFT ficl
10k Vs=13 TeV, 140 b «EFTftey, [MFourtop |
SR+VR - ftw miH
Post-Fit Wz [ Int Conv
10'F EDiboson  [HFR 1
WHFe W Mat Conv
0tk [JQMisiD  [Other ]
< Uncertainty
10°
10
i D e
1.25¢ 1
1 //........,;/‘g‘_z/*...%{///# ....... ‘x /y/;(...."..;////,{ﬁ//ﬁ"....-
0.75 +
G"Jh 100 200 300 400 500 600 700
H [GeV]
T ——
ATLAS ¢ Data —-EFT fcl)
10k fs=13 TeV, 140 fb' «EFT Tcy, [MFourtop ]
SR+VR - Otw [tiH
Post-Fit WtEZiy") [ Int Conv
10'F WDiboson  [HFu 1
HEHFe B Mat Conv
ool [JQMisID [C]Other |
Uncertainty
1.25 +
1.4...‘«#/,‘,@..;‘,4/,*///.. L T T
0.75
0"13 100 200 300 400 500 600 700 @800 900 1000
m, [GeV]
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Results — VRs & Pie chart

o 10° T T T
S L ATLAS ¢ Data B Fourtop  [Jtiw
o L Vs =13 TeV, 140 fo’' [ ttH wlilvdea) [ Int Conv
Post-Fit [l Diboson [JHFu B HFe
10*F @ Mat Conv  []QMisID [JOther E
i 77 Uncertainty ---Pre-Fit Bkg.
100 eeaEsEE el |
10°E,
10 E
. 1E : =
2
@ 1-1 T
[1+]
8 1// / / //'///7// Z W
0.9
0.8 :

VRC?U,L

7 7
;?CQU e RCQU N

. . otiw EmtiH mm 2y
ATLAS Simulation O QMisID ] Other B Mat Conv

V5=13 TeV 3 IntConv  mmHFe = HFu
Bl Fourtop  mm Diboson

SR ctu ++ SR cQu ++

5

CR HFp MM CR HFe TM

CR HFu T™M CR HFu MT

CR HFe MM CR Int Conv CR Mat Conv

CR VWV
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Results — 1D likelihood scans

j T | T T T T
z | ATLAS > | ATLAS
<8l Vs=13TeV, 140 b <8l vs=13Tev, 1401b 1
—— Data fit NLL scan values —— Data fit NLL scan values
—— Hybrid-Asimov fit NLL scan values —— Hybrid-Asimov fit NLL scan values
----- Obs. 68% CL i} = [-0.0045, 0.0045] ----- Obs. 68% CL ¢! =[-0.012, 0.012]
o\ Obs. 95% CL c{} = [-0.0068, 0.0068] o A Obs. 95% GL ¢! = [-0.020, 0.020]
4
2 N N 0 A -~ S CY N
- . L~ N S
ot . ; . —— : ; ‘ - ok s ; ‘ . . |
-0.0100 -0.00756 -0.0050 -0.0025 0.0000 0.0025 0.0050 0.0075 0.0100  —-0.03 20.02 ~0.01 0.00 0.01 0.02 0.03
(1) (1
CTU CQU

ANLL

ATLAS

8 Vs=13TeV, 140 b

—— Data fit NLL scan values

—— Hybrid-Asimov fit NLL scan values
----- Obs. 68% CL ¢, = [-0.025, 0.025]

----- Obs. 95% CL ¢, = [-0.041, 0.041]

Ot w : :
-0.06 -0.04 -0.02 0.00

0.02
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Results — alternative limits comparison

ATLAS 1 e Observed Limits
Vs =13 TeV, 140 fo e RUn 1 Same-sign leptons [1]
Marginalised w Run 2 tiZ diff. cross section [2]
NA=1TeV __ 68%CL
---. 95% CL
Cg:ll)- | 2 B N N | -- (. & B B 0B 0 |
(1} - - . -—- B —
CQU . B B .
{B}- -----1-----
CQU | 2 R R 2 0 B R B | | A 0 B R R R B!
[1] ATLAS, JHEP 10 (2015) 150
[2] ATLAS, JHEP 07 (2024) 163

150 125 —1.00 -0.75 -050 -025 000 025 050
c
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+ 1 T Tyt
ttW measured cross-section TLAS B AT o vt
/s = 13 TeV. 140 fb” 2 CMS (JHEP 07 (2023) 219)
* Previous analysis within ATLAS and CMS saw tension S Stat. + Syst. [ Stat. only
Lo
. — . o
In the measured ttW cross-section and the SM = NLO+NNLL
< -®- Sherpa —0ao—A
‘-\'>- & FxFx ——e——o|
* In this analysis ttW is normalized to: z NNLO
= QCD: 674.7 fb 400500 600 700 800 900 1000
138 fb (13 TeV)
U N A L NI IR I L B
= EW:47.7 tb L CMS = Measurement |/ EPJC80(2020)428
o —— Stat. unc. | JHEP 11 (2021) 29 -
. . —_ . . L0 L ——— Total unc. N
 The normalisation factor for ttWW QCD is fitted to 1.37 3 Nomina ot oyt
§ L ee %’ ?’—-—— 845 +117 +111 1
o Post-fit ttW cross-section: § [ oen [ = 9% :61:68 E
> Coun / 7 —— 868 +63 =64
— S __ Dilepton /% . 905 +42 +51 ]
= g(ttW) =674.71tb -1.37 +47.7fb =972.0fb S| Triepton 44 649 +104 +96
- Combined //, /j —— 868 +40 +51 -
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technische universitat S A AS

dortmund EXPERIMENT

Yield Tables SRs

Process SR turs SRcty—— SR:Qu++ SR:Qu--
1w 114 + 15 62 + 10 110 + 15 569 + 9.0
tt(Z]y*) 255 += 24 241 + 2.6 195 + 1.8 19.1 + 1.8
ttH 124 + 75 123 + 7.1 15,1 + 9.6 151 + 92
Four top 0.72 + 0.15 0.69 + 0.14 4.16 + 0.83 4.07 = 0.82
Diboson 181 + 93 159 + 8.1 6.3 += 3.2 42 + 2.1
HFe 6.5 + 29 76 + 3.0 3.0 = 1.1 49 + 25
HFu 126 += 2.7 157 + 3.2 6.3 + 1.8 57 + 1.7
Mat Conv 76 + 25 55 + 1.6 273 =+ 0.83 33 + 1.2
Int Conv 27 + 1.6 30 = 1.7 21 = 1.2 27 = 1.6
QMisID 81 =+ 22 8.1 =+ 22 1.48 + 0.39 148 + 0.39
Other 203 + 54 133 + 39 93 + 27 70 + 2.6
Total Bkg. 228  + 11 1677 + 79 180 £ 10 1245 + 63
Data 230 162 181 123
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=1 | technische universitat S A AS

& WJ dortmund EXPERIMENT

Process CR HFu T™™ CR HFu MT CR HFu MM CRHFe TM  CR HFe MM
tHw 240 + 49 10,3 +2.0 373 £0.87 151 29 276 + 0.59
tt(Z ] y*) 136 =+ 2.1 6.20 + 0.97 2.59 + 047 84 + 1.7 1.90 + 0.32
ttH 6.6 =+ 4.0 32 +19 1.28 + 0.79 4.1 +24 0.90 + 0.58
Four top 0.113+ 0.028 0.071+ 0.017 0.046 £ 0.012  0.069+ 0.019 0.036+ 0.010
Diboson 11.9 =+ 6.1 49 <+ 2.5 22 =+ 1.1 8.6 +44 1.35 + 0.72
HFe 1.6 =+ 1.1 59 +£29 1.71 £097 37 +]12 45 +1.6
HFu 80 + 14 219 +5.6 138 +3.2 220 £066 3.62 +0.99
Mat Conv 20 = 7.1 1.20 + 0.56 1.62 + 0.51 3.7 £ 2.1 1.38 +0.43
Int Conv 0.68 + 041 1.7 +=1.0 0.30 +£0.18 55 +£32 0.48 + 0.30
QMisID 0.28 + 0.13 0.75 + 0.54 0.38 + 0.26 52 +29 1.6 +=1.0
Other 56 =+ 1.5 2.71 + 0.66 0.81 +0.21 42 +1.0 0.63 + 0.16
Total Bkg. 147 + 12 500 =+£5.1 284 +34 944 +92 191 =+22
Data 150 57 28 95 19
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technische universitat S A AS

dortmund EXPERIMENT

Yield Tables 3¢ CRs

Process CR Int Conv CR Mat Conv CR ttZ CR VV

tW - - 84 + 1.8 245 + 4.7
tH(Z]yx*) — = 378 +32 230 +27
ttH - — 10,0 + 6.3 6.3 =+ 4.0
Four top - — 1.61 = 0.32 0.092+ 0.020
Diboson 0.025+ 0.019 134 £0.72 29 +15 90 +45
HFe — — 0.47 + 0.35 92 + 6.8
HFu - = 1.04 + 0.35 75 + 1.8
Mat Conv 1.3 +1.1 37.6 =+ 8.6 0.59 = 0.40 2.19 = 0.77
Int Conv 425 +6.8 156 =+ 4.3 0.14 + 0.15 1.66 =+ 0.96
QMisID - — 0.22 + 0.17 0.83 =+ 041
Other — — 74 +23 218 + 40
Total Bkg. 439 =+ 6.6 546 +73 503 +22 590 +23
Data 44 55 494 605
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