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13 TeV t-channel single top quark production

Measurement of the inclusive t-channel top quark and top
anti-quark cross section and their ratio Ry = 0¢q/0%q

> Precision measurement of the largest
single top production channel

> Using the full Run 2 dataset (previous 3

ATLAS result used 3.2fb™1) S rsmy R
> Testing PDFs (particularly using R;) “0 o éfr:: Ew;?
> Sensitive to new physics o
> Effective field theory interpretation
> Directly constrain | V4| CKM matrix

elements
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https://cds.cern.ch/record/2860644/files/ATLAS-CONF-2023-026.pdf

exactly one charged lepton /
with pr > 28 GeV and |n| < 2.5

veto events with additional loose
leptons

exactly two jets with
pr > 30GeV and |n| < 4.5

exactly one jet with a b-tag
Emiss > 30 GeV

mT(CEMSS) > 50 GeV

pr(£) > 40 - [Ad(j1, £)/7|
m(fb) < 160 GeV
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b @

Orthogonal regions
for multijet
normalization:
Emiss < 30 GeV for
electron multijet
pr(€) >
40 |20 (, 0)/7]
for muon multijet
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Event yields

t-channel cross section |

05.06.2023

Signal separated into 2 signal regions based on charge of lepton

Positive ¢ channel

tW + tW, th

tq

Multijet
WV, Z+jets
W+c(c)

SR plus SR minus
tq 169000 + 6000 150 + 150
tq 90 £+ 90 109000 + 5000
tW + W, th + th 50700 = 3400 48800 + 3400
tt 264 000 + 14 000 264000 + 13000
W4bb, light 202000 + 19000 162000 + 16 000
W+c(2) 60000 £ 13 000 49000 £ 11 000
Z+jets,diboson 20000 + 4000 19000 + 4000
Multijet 48000 £ 10 000 47000 £ 10000
Total 814000 + 2100 698800 + 2000

Negative ¢ channel

twW + tw, tb

=9

tq
Multijet

WV, Z+jets
W+c(¢)

> Neural network used
for signal separation

ATLAS-CONF-2023-026
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Neural Network Input Variables

g Q;L‘:“SssmulaﬂunPrehmmary fs=13Tev
& oast 7:?
No. Variable g 1 —wat
1. m(jb) - g 0.05F
2 |77(J)| . £ %106 200 73711370””7400 500
3. |Ap-|-(W,_/b)| m(jb) [GeV]
4. |Ap(W, jb)|
5. m(t) 9 0.15[ ATLAS Simiaton Preiminary 5=13Tev
6. 180(. )
7 AR()
8. |An(b,0)| ;
9. mT(gE-i-mSS) £

11.  Hr(¢, jets, EMs)
12, |An(b,j)|
13, |A¢(j, t)]

%) ATLAS Simulation Preliminary s = 13 TeV
14.  cos0*(4,j) o 04 o
15 [y(0)
6. S s 0|
17 [8pr(6,)

R —

B0 80
Ap_(Iv,jb) [GeV]
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Modeling of Neural Network Input Variables

> Input variables are modeled well in data

10°

> T T T T T T T T T 0 T T T T T T T
S 18O ATLAS  Preliminary o data [l o ATLAS  Preliminary ¢ data (]
2 160 Vs =13 TeV, 140 fb* Wtw+iw, tb  [tE @ Vs =13 TeV, 140 fo™* WtwW+EwW, tb [t
ﬁ SR plus EW+bb W W+c() S SR plus EW+bb EW+c(©)
.2 140F Pre-Fit W, Z+ets  lmj e+ o Pre-Fit W, Z+jets  [lmj e+
u>) [CImj fe+ W mj p+ [CImij fe+ W mj p+
w120 ///Uncertainty /// Uncertainty
s L o
o 1. B
a a
g 0.9 8
© 0.1 ©
o 7% 50 100 150 200 250 300 350 400 450 500 a

m(jb) [GeV]

m(jb): invariant mass of jets n(j): pseudorapidity of light jet


https://cds.cern.ch/record/2860644/files/ATLAS-CONF-2023-026.pdf

Fraction of events / 0.1

One NN used for both the positive and negative lepton channel

Good separation of signal and background processes

ATLAS Simulation Preliminary Vs =13 TeV ]

0.4_SR plus — ]
-t 1
0.3F — W+bb -
0.2F ] .
0.1F .

0 : : : .
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Dnn
Signal region with /T

Fraction of events / 0.1
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0.4 ATLAS Simulation Preliminary Vs = 13 TeV ]
s SR minus —Tq 1
0.3F st ]
E — W+bb E
e :
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Signal region with £~
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Fit
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results
o 240pH T T T T T T T T - ST T T T T T T T T
S 220! ATLAS Preliminary # data Etq S 200) ATLAS Preliminary ¢ data Mt
a Vs =13 TeV, 140 fo* Wow+iw, b [t a Vs =13 TeV, 140 fo* Wew+iw, . [t
& 200} SR plus W W+bb EW+c(©) & 180} SR minus EW+bb W)
@ 180} Post-Fit CIW, Z+ets  Emj e+ @ Post-Fit W, z+ets  Elmje
Omifer  Emips Cmife- B
160 ///Uncertainty //7Uncertainty
140
120)
100
80|
60|
40
20|
0
5 10 5 L
£1.015 £1.015
I &
go,sas éo.gas y
S 0% 51 07 03 04 05 06 07 08 09 1 80975107 03 04 05 06 07 08 09 1
Dy Dy
Signal region ¢+ Signal region £~
ot [pb] oz [pb] Tich [Pb] Rt
Value 137+ 8 8418 221+13  1.63670030
H H +5.9% +6.6% 0, +2.2%
Relative Uncertainty e T +5.9% i
Predicted 1342+£22 80.0+1.6 2142+27 167770019
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Agreement with almost all
PDF predictions

EFT interpretation yields
95% confidence interval:
029 < €Y < 0.07

|fiv - Vip| = 1.016 + 0.031
Currently best determination
of this quantity

|Vin| > 0.95 at the 95% CL

ATLAS-CONF-2023-026

ATLAS Preliminary Vs=13 TeV, 140 fb*
Pred. calculated with MCFM v10.1

[ stat. O syst. stat.
JHEP 02 (2021) 040 [ PDF [0 a, (1 scale scale
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L e e =5
E ATLAS Preliminary ... 68% CL 45
03f  (s=13TeV, 140 fb™ — 95% CL
E + Bestfit
0.25F
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L
ATLAS Preliminary ... 68% CL

Vs=13TeV, 140 fb™ —— 95% CL
+ Best fit

So

.92 0.94  0.96 0.98 1 1.02 1.04 1.06
va|Vm|

Scan Vtb Vts

» 2D scans of CKM matrix
elements

> Remaining CKM matrix
element assumed to be
constant

> Small dependence of | V|
on |Vis| and |Vid|
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First single top t-channel measurement using full run 2 dataset
Most precise measurement of these cross sections and R;

Largest uncertainty sources are signal modeling uncertainties
for the cross sections and background modeling for R;

EFT interpretation constraining C&f)
Setting constraints on CKM matrix elements

Most precise direct measurement of |fiy - Vyp|
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Backup
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Prefit Plots

» Neural network used for signal separation

» Maximum LH fit of neural network output distribution is used
to measure the cross section
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Impact of different groups of systematic uncertainties on o(tq),
o(tq), o(tq+ tq) and Ry given in %

Uncertainty group o(tq) o(tq) o(tq + tq) R:
Data statistical +0.4/-04 +405/-05 +03/-03 +0.6/-0.6
Signal modelling +49 /—-45 +52/—-47 450/ —-46 +0.9/—-09
Background modelling +1.8/-1.6 +2.1/-19 +1.8/-16 +15/-14
MC statistical +1.1/-10 +14/-13 +4+12/-11 +4+0.8/-08
PDFs +04/-04 +12/-10 +407/-06 +0.9/-0.38
Jets 422/ -20 +3.0/-27 +25/-23 +1.0/-09
b-tagging 416/ -15 +17/-15 +16/-15 402/ 0.1
Leptons +11/-10 +11/-10 +1.1/-10 +0.1/-0.1
Luminosity +09/-08 +09/-09 +09/-0.8 <0.1
Total 459/ -55 +6.6/-62 +59/-59 +22/-21




