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lNtroauction

Measure the anomalous W tb couplings in the single anti-top
quark production through e—p collisions.

Test the generic lowest order CP conserving Lagrangian for
the W tb interaction, which allows a right-hnanded vector, as
well as left- or right-handed tensor couplings.

Examine the one dimensional distributions of the various
Kinematic observables corresponding to all anomalous
couplings in both hadronic and leptonic decay modes of W-.

Providing the constrain on the anomalous couplings on LHeC



Single top production

Figure 1. Single anti-top quark production
through charge current at the e-p collider.The
blobs at vertices 1 and 2 show the effective
W —1tb couplings, which includes the SM contri-
bution. Further W~ decays into hadronic mode
via light quarks (j = 4,d, ¢, s) or leptonic mode
(I~ = e, u~ ) with missing energy.
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e Single top production as a function of Ee, Ep=7TeV




Theoretical modelling

) 1 _
Ly = % [Wut”Y“(Vib fLPL + fi*Pr)b — quutU“”(szPL + szPR)b] + h.c.

where f- =1+ AfL, Wy, = DuWy — DyW,,, Dy = 8, — ieA,,
otV =i/2 (yHy" — ¥ yH).
In SM |V |ff =~ 1 and at tree level AfL, fR, £l & fR vanishes.

 CP conserving, fis real,
« CP violating, fis complex[hep-ph/0605190]

e Measure the influence of fs on xsection and kinematic
shapes



Upper limits from other experiment

Assuming only one anomalous coupling to be non-zero at a time
—0.13 < |V |ff <0.03, —0.0007 < fR < 0.0025, —0.0015 < £} < 0.0004,

—0.15 < f{ < 0.57 from B decays [Phys. Rev. D 78, 077501 (2008)]

Single top production at DG assuming |V, |[f{ = 1, |fX| < 0.548, |f5| < 0.224,
FR| < 0.347 [Phys. Lett. B 713, 165 (2012)]

Associated tW production at LHC through ~p collision |fX| < 0.55, |f;| < 0.22,
R| < 0.35 [Phys. Rev. D 86, 074026 (2012)]

ATLAS: asymmetries associated through angular distribution Re(fX) €
[-0.44,0.48], Re(f1) € [-0.24,0.21], Re(f}) € [-0.49,0.15]. [ATLAS-CONF-2011-037]
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MC production and detector setup

Use Ep=7TeV, Ee=60GeV, the electron beam is 80% Largest background for hadronic, cc-ii

polarised
Hadronic Channel:

: ; ig: - t~, W ] ] 1.034 pb
Using FeynRules, MadGraph to generate signal and S e 5,873 bb
backgrounds. ccnlipenmve 20

ncjjb: p e- > e- j j : . P
ncjjj: pe- >e- 3 3 J : . 311.6 pb
The PDFset is CTEQG6L1, factorization and ched P e S W>33: 0.0154 pb
renormalization scale yF = pR = mt = 172.5GeV, mb = flr=0.5: 1.38 pb
- f21=-0.5: 1.07 pb
4.7 GeV, mW = 80.399 GeV, |Vib| f; £21=0 5. 1.48 Eb
f2r=0.5: 1.68 pb
US'Hg De|pheS fOI’ deteCtOl’ SImU|at|Oﬂ, Lepton'ic Channel:
' A ' sig: p e- >ve t~, W>1 vl : 0.346 pb
jet |pseudolralp|d|ty| <5, lepton and b Jef[| S e e v 0 0655 pb
pseudorapidity|<2.5, jet energy resolution =0.6/sqrt(E) cclvi: p e- > ve 1 vl j : ©.2096 pb
nclvj: p e- > e- 1 vl j : 0.434 pb
. . . o clep : pe- >vec~, W>1vl: 0.0063 pb
Jet algorithm, Antikt4, Btagging, efficiency@60%, truth f11=0.5: 0.776 pb
: : : : : flr=0.5: 0.447 pb
match@0.4, c-jet and light jet are weighted with b £21=-0.5: 0.322 pb
' o o ' f21=0.5: 0.472 pb
tagging fake rate @10% and 1%, respectively fore8.5. 8.566 pb

W decay to jets or leptons (Hadronic or Leptonic
channel)



Event selection (hadronic)

(i) Minimum transverse momentum for jets, b-antiquark pr,; = 20 GeV, pr,; = 25 GeV
and minimum missing transverse energy Ep > 25 GeV.

(ii) The pseudo-rapidity region for leptons and b-antiquark |775,z| is taken to be < 2.5,
however for jets |n;| < 5.

(iii) Isolation cuts for_lighter, heavy quarks and lepton require AR;; > 0.4 where i, j
leptons, jets and b anti-quark.

In addition, we impose the following cuts to reduce the background

?"l

(iv) The difference of azimuthal angle between missing energy E, and jets, leptons,
antiquark should be A¢ > 0.4.

(v) To further reduce the background in the hadronic channel we reconstruct W~ from di-
jets assuming the jet energy resolution ~ 7 = OT%. In this setup the di-jet invariant
mass resolution around the W™ mass is approximately 7%. Thus a mass window

around 28% (4 times of this resolution at 20 level) of the W mass ~ 22 GeV is taken

into consideration and hence di-jet invariant mass is allowed to satisfy |m;, ;, — my/| <
22 GeV.



Event selection (hadronic@100fb-1)

Event Selection .. > 20 GeV APy >04 |mj i, —mw| <22GeV Fiducial
],b bt H:] patliy J1J2 -
|'I]J| S 5a|77b| S 2.5 A@u,b Z 0.4 Eﬁiciency
Parton Level | &8s =204
Br > 25
SM 3.2 x 10* 2.3 x 10* 2.2 x 10* 66.7 %
4 4 4
SM-+} _; Bkg; 6.5 x 10 5.0 x 10 4.0 x 10 61.5 %
L 4 4 4
Vis| Afi = .5 7.3 x 10 5.0 x 10 5.0 x 10 68.0 %
R 4 4 4
fir=.5 4.6 x 10 3.2 x 10 3.2 x 10 69.7 %
L 4 4 4
fa=.5 4.9 x 10 3.6 x 10 3.6 x 10 73.2 %
L 4 4 4
for=-.5 3.4 x 10 2.3 x 10 2.3 x 10 69.6 %
R 4 4 4
far=.5 5.7 x 10 4.1 x 10 4.1 x 10 72.3 %

Samples SM f110.5 f1r0.5 £21-0.5 1210.5 f2r0.5 Background
INIT 1.03e+406 + 5.17e403 2.32¢406 + 1.16e404 1.38¢+4+06 + 6.9¢403 1.07e406 + 5.35¢403 1.48¢+4+06 + T.4e4+03 1.68¢+406 + B.4e4+03 3.42¢408 + 9.03e¢+05
Ibjet 4.29¢+05 = 2.9¢403 9.56e+4+05 + 6.47Te403 5.9¢+05 = 3.93¢403 4.35¢+405 + 2.96e4-03 5.9¢+05 = 4.06e+03 T.44e405 + 4.89¢403 5.63e406 = 2.31e+04

ibjet, two b jel 2.07e+05 + 2.07Te+403 4.57e+05 + 4.61e¢+403 2.87e+4+05 + 2.82¢403 2.0le+405 + 2.08¢+403 3.16e+405 + 3.06e+403 3.42¢+405 + 3.4¢+03 1.21¢e406 = 1.25¢+04

EtMiss 1.61le+05 + 1.82¢+03 3.55¢+05 + 4.06e+03 2.25¢+05 = 2.5¢+03 1.59¢+05 + 1.84¢+03 2.64¢+05 T 2.8¢+03 2.87¢+05 + 3.11¢+03 5.89¢+05 = 9.83¢+03
dphiMET 1.26¢+05 * 1.61e+03 | 2.8¢105 * 3.66103 | 1.81e+05 * 2.24¢103 | 1.28¢105 * 1.66¢103 | 2.14¢105 * 2.52¢103 | 2.32¢105 * 2.8¢+03 | 4.75¢105 + 8.87¢+03

invMass 9.88¢+04 + 1.43¢+03 2.24¢+05 + 3.23¢+03 1.42¢+05 + 1.99¢+03 le+05 x 1.47¢+03 1.68¢+05 + 2.24¢+03 1.81¢+405 + 2.48¢+03 | 1.76¢+05 = 5.45¢+03

Preliminary result at detector level @1000fb-1 (on going)

In the detector level, the signal efficiency is down to
halt due to requiring two additional jets.

The background etticiency remains. need to re-

optimizing the selection
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Event selection(leptonic)

Event Selection pr;, = 20 GeV Ady ;> 04 Fiducial
il < 5,lm| < 2.5 Ay, > 04 Efficiency
Parton Level AR;u; > 04 Adg, > 0.4
BEr > 25
SM 1.2 x 10* 1.1 x 10* 92.0 %
SM-+3", Bkg; 1.3 x 10* 1.2 x 10* 92.0 %
V| AfE = .5 4.5 x 10* 2.5 x 10* 92.6 %
fi=15 2.8 x 10* 1.6 x 10* 94.1 %
fy =.5 3.1 x 10* 1.7 x 10* 89.5 %
f&=-=.5 1.8 x 10* 1.0 x 10* 90.9 %
=15 3.6 x 10* 2.0 x 10* 90.9 %

Preliminary result at detector Level @1000 fb-1 (on going)

Samples SM f110.5 f1r0.5 21.0.5 £210.5 2r0.5 Background
NIT 3.46e+05 = 1.73¢+03 7.76¢+05 = 3.88¢+03 4.47e¢+05 * 2.24¢+03 3.22¢+05 + 1.61¢+03 4.72¢+05 = 2.36¢+03 5.66¢+05 + 2.83¢+03 6.56¢+05 = 1.39¢+03
1bjet 2.16e+05 = 1.24e+03 4.82¢+05 = 2.77e+03 2.82¢+05 + 1.61e+03 2¢4+05 + 1.15¢+403 2.84e+05 + 1.66e+03 3.62¢+05 + 2.05e+03 7.37e403 + 18.2
Ibjet, llep 1.78e+05 = 1.13¢+03 3.98e+05 = 2.52¢+03 2.32¢+05 x 1.46e+03 1.59¢+05 = 1.03e+03 2.36e+05 = 1.51e+03 3.01e+05 + 1.87¢+03 5.97e¢+03 + 16.2
EtMiss 1.57¢+05 = 1.056¢+03 3.5¢+05 + 2.36¢+03 2.02¢+05 + 1.36e¢+03 1.39¢+05 =+ 960 2.05¢+05 + 1.41e¢+03 2.63¢+05 + 1.75¢+03 5.08¢+03 + 14.8
dphiMET 1.48e+05 + 1.02¢+03 3.31e+4-05 + 2.3¢403 1.9¢4-05 + 1.32¢4-03 1.3le+05 + 933 1.93e+05 + 1.37e+03 2.44¢+05 + 1.68e+03 4.51e403 + 13.9

In the detector level, the signal efficiency is almost

same, background is suppressed further more.
Though background here is a small fraction.
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(/o) doidoy, |

(1/6) doid cos B,

d 0.14 SMYBKG
oos | , on| fin— Parton level
0.05 | % orf - 3%
e g 008 e o
oo L g | o | | means leptons,
0.03 T $ = 5 v :
. T = omf aiadie ! - :
e pRRRREEE G ol f jets, b jets and EtMiss
0.01 RE IR I E s h e 4 o EE 25205 siedis iaiiEii
W8 w4 3WE m2  SuS w4 TR x W8 w4 GWB m2 SRS w4 TR8 =
A0, Al b
022 - 0.8
001'2 ?{?EE : 007 | Ay, = Nf(cos 6;; > 0) — N4 (cosb;; < 0)
a16 | b — 0.06 | » N#cosb;; > 0) + N4(cosb;; < 0)
oM g 005 A _ Ni(Am; > 0) - N*(An; < 0)
o1 3 om 815 7 NA(Ani; > 0) + NA(Anij < 0
o1} E  oul +(Anij > 0) + NZ(Ani; < 0)
0.08 = 03 |
006 = 002 | Apo.. — N{ (A > §) — N2 (Adi; < 3)
002 =18 oor (SRR 5T NA(Agy > 5) + NA (Agy; < 3)
0 0t
-1 .5 0 0.5 1
cos B,
AA'th 1y AAOS 1) Aebf 1 AA"E"l
SM + >, Bkg; 384 = .004 710 £ .003 551 £+ .006 -.765 £ .007
=45 484 = 004 702 £ .003 332 £+ .006 -.821 £+ .003
f&#=-5 526 £ .004 620 £ .003 410 £ .006 -.831 £+ .002
f¥F=+5 353 £ .005 812 £ .003 392 £+ .007 -850 £ .003
=45 424 = 004 684 + .003 S07 £ .005 -.809 = .003

Angular asymmetry analysis (leptonic)
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Chi2 analysis using bin information

X NP _'Jvﬂil(j;’jh) :
-5 ()

k=1

Where 6 A/’kSM‘l"Zi Bkgi — \/ A/'kSM'*'Zi Bkgi (1 + 5gy ; .Af,cSM+Zi Bkgi) .
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Correlation and error

Errors and Correlation matrix: Combinin g two channels
X)) =X + i — ) [V, (5~ ), where
fi = fi = £Afi = 2VVii, pij = Vij/\/ViiV}j.
> X%omb.(fi’ﬁ) = 2 k=1 szink + D k=1 Zi,j(fi —fi) [V—l]ij Y _ﬁ)

Vip| AfE = £ 3.2 x 1074 1
fR= +46x10~4 —.05 1
f%z = +42x%x 1074 —.04 —-.06 1
5= £ 2.6 X 104 —-02 03 =04 1

Luminosity Error: L = BL, B =1+ AB; X2omp. (isfi) = Xoomp. (fisfis B)
_ _ 1\ 2
> X%omb.(fiaf}a B) = ZZ:I szink T EZ=1 Zi,j(fi —fi) [V—l]if (f} _f}) T (éﬁ[g—kl)

V| AL = £50x10-2 [ 1
fR= 4+ 4.6x10* 0 1 . _
fl%Lz 14910~ 0 — 068 1 with AB = 10%.
5 = + 2.6 X 10_4 0 .032 —.041 1



Prospects

The sensitivity of |V, AfE at 95% C.L. is found to be of the order of ~ 1073 — 102
with the corresponding variation of 1% - 10% in the systematic error (which includes

the luminosity error). The order of the sensitivity for other anomalous couplings
varies between ~ 1072 — 10! at 95 % C.L.

» Rough estimation, with higher luminosity, eg 1ab-1, the limit on |Vtb| f1-
will be reduced to 1/3 (sgrt(10)) of its current limit (stat only). In that
case the systematics is critical.

 |LHeC can provide stronger constraint on the anomalous couplings,
when statistics increasing.

e Both hadronic and leptonic channel providing sensitivity to measure
the anomalous couplings, the leptonic channel has higher signal purity

e Detector level study is ongoing, the hadronic channel suffers stronger
background but the leptonic channel has good performance.
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Conclusion

We observe high yields of single anti-top quark production with
fiducial efficiency of ~ 70% and ~ 90% in the hadronic and

leptonic decay of W—, respectively after imposing selection cuts.

Asymmetries of different kinematic variable, bin analysis help to
improve the sensitivity of anomalous couplings to the order of
10°-10for |Vtb| Af-; with the variation of 1%-10% systematic
error and others are of order 107°-107" at 95%.

Luminosity error affect [Vtb| Af.

Overall comparison with different data shows that Wib
anomalous couplings can be probed at LHeC with very high
accuracy.
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