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Lagrangian & Processes:

> L = 35 [Waby# (Vi fEPL + FRPR)D = 5l Wi B (FPL + FRPR)D] + he.
whereflL =1+ AflL, Wuv =DyW, — D W,,D,, = 0y —ieAy,
ot =i/2(YHyY = ).
» InSM |Vy|fE ~ 1 and at tree level AfL, fR, fF & fR vanishes.
» CP-conseving — (can take) real couplings
» CP-violation — complex couplings [arXiv:06050190]
i¢p ip i¢p
> fR—01e A f =01 2, fR=01e 2
> fR fL not affected but in case of fX phase is dominant — Angular asymmetries are not
sufficient
> Other observable: Spin Asymmetry, triple product asymmetries in dileptonic channel in
tt production
> Processes: e"p — tve, t — Wb
> Helicity fractions: 7y = Ny/N, F+ = N4 /N, F_ =N_/N,N=Ny+ N4 + N_
> Hadronic decay: W™~ — jj
> Leptonic decay: W~ — Iy, I =e, i



Constrain on f;’s

» Assuming only one anomalous coupling to be non-zero at a time
—0.13 < |Vy|ff <0.03,-0.0007 < fR < 0.0025, —0.0015 < £ < 0.0004,
—-0.15 < fZR < 0.57 from B decays [Phys. Rev. D 78, 077501 (2008)]

» Single top production at D@ assuming |V, |ff = 1, |fR| < 0.548, |fF| < 0.224,
[FR| < 0.347 [Phys. Lett. B 713, 165 (2012)]

> Associated tW production at LHC through yp collision |f}| < 0.55, |fF| < 0.22,
fR| < 0.35 [Phys. Rev. D 86, 074026 (2012)]

» ATLAS: asymmetries associated through angular distribution Re(f}) €
[-0.44,0.48], Re(fL) € [-0.24,0.21], Re(fR) € [-0.49,0.15]. [ATLAS-CONF-2011-037]

Loop Corrections:[arXiv:1308.3652]
» QCD:fR = —6.61 x 1073, fF = —1.118 x 1073 (m; = 171 GeV)
» EW:fR = —(1.24 £1.23i) x 1073, fF = —(0.102 + 0.014i) x 1073 (my = 126 GeV)
> SM:fR = —(7.85+£1.23i) x 1073, fF = —(1.220 £ 0.014) x 1073
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Hadronic: E, = 60 GeV, E, =7 TeV, L = 100fb~"

No Background Prys = 20 GeV Adg,; =04 |my .y, —mw| < 22GeV e,
Process |l < 5,lm| <25 Adgy =04
AR, 5y =04
Er =25

1 e p— Wb 7.5 % 1073 6.8 x 1077 45 % 1077 2.7 % 1077

without anti-top line

2 e p—v.jij 1.2 x 10" 3.6 x 10° 2.4 x 10° 7.2 x 1072

3 e p— vecjj 1.5 x 10" 1.2 x 10° 8.6 x 10" 8.6 x 102

& e p— veig

4 e p — vecej 5.8 x 102 5.0 x 102 3.2 %< 1072 6.7 x 102

5 e~ p — vebbj 2.5 x 1072 2.2 x 1072 5.6 % 1077 1.3 x 1073

6 e p— e 25 x 10 2 2.2 x 102 1.5 x 102 1.5 x 101

(e —W~s)
Event Selection | pr,, > 20 GeV  Adg,; > 04 |my,;, —mw|<22GeV  Fiducial S/VS+B
[l < 5,m| <25 Adgy > 04 Efficiency
AR, 4, > 0.4
Br 225
SM 3.2 x 10" 2.3 % 107 2.2 x 10 66.7 % -

SM+3, Bk, 6.5 x 10* 5.0 x 10% 4.0 % 10* 61.5 %

Vil Aff = 5 7.3 % 10* 5.0 x 10" 5.0 x 10* 68.0 % 1.92
=25 4.6 x 10* 3.2 x 10* 3.2 x 10* 69.7 % 1.43
fE=05 4.9 x 10* 3.6 x 10% 3.6 x 10* 73.2 % 1.55

=5 3.4 x 10! 2.3 % 10* 2.3 % 10* 69.6 % 1.40
=5 5.7 x 10* 4.1 x 10* 4.1 % 10* 72.3 % 1.69




Leptonic: E, = 60 GeV, E, =7 TeV, L = 100 fb~!

No. Background PToba = 20 GeV, ARJ_b‘;J >04, Br > 25 Adg; > 04 Teff.
Process In51 = 5, |gea| = 2.5 Abyp > 0.4
Adg; > 04
1 e p— 1 g 1.5x 107! 1.4 %101 1.4x 102
2 e p— I e 6.6 x 1072 6.1x107° 6.1 %1071
& e p—l prec
3 e p— L b 3.6x10°% 32x10° 1.9x 102
& e p— ITowb
Without top line
e p— el e 1.5 % 1072 6.9x107° 6.9x 107"
5 e"p— el 7 1.2x 107! 5.5 % 1072 5.5 x 107*
Event Selection PT;p = 20 GeV Adg ; = 0.4 Fiducial S/VS+B
|75 < B,|me| < 2.5 Adgp > 0.4 Efficiency
ARJ by = 0.4 Ady; > 0.4
ET =25
SM 1.2 x 107 1.1 % 107 92.0 % —~
SM {3, Bke, 1.3 x 10* 1.2 x 10* 92.0 % -
Vil Aff =5 4.5 x 10" 2.5 x 10* 92.6 % 1.55
fft=5 2.8 x 10% 1.6 % 10* 941 % 1.23
fEf=5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
ff=—5 1.8 x 10" 1.0 x 10* 90.9 % 0.95
=5 3.6 x 10* 2.0 x 10* 90.9 % 1.38




Estimators and y? Analysis: Angular Asymmetries’
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Estimators and y? Analysis: Angular Asymmetries’
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Estimators and 2 Analysis: Angular Asymmetries

Hadronic:
.4,_\.%”1 ‘4M’p‘;-1 ; AL\%TW_ AM:H,_L ‘4653‘1 A,_\.,ﬁm
SM+),, Bkg, 5324003 282+.006 .503+£.004 799003 028£.000 -T124.003
fl=+5 BT H 004 214004 5644004 TT8E.003 0005+ 004 -8064.003
fl=-5 58004 0824004 TI6H003 484003 -196+ 004 -868 +.002
fy=+5 30£005 260£004 SHE0M 683L 004 106005 -795 £ .003
=45 330£.004 363004 5664003 656+.003 1074004 -8234.002
Leptonic:
‘4Mj1’-'-;-¢1 Aﬂq‘ﬁ:‘t‘i’ ‘46511 Am]ml
SM + ), Bkg, 384 £.004 710 = .003 501 £ .006 =765 = .007
=15 4814 004 702 £ 003 332 £ 006 L8014 003
fE==5 526 £ .004 620 = .003 A10 £ .006 -.831 £ .002
fi=45 303 £ .00 812 = .003 392 £.007 -850 £ .003
=15 A24£.004 684 = .003 507 £.005 -809 £ .003




Estimators and x? Analysis: Bin Analysis

N-kSM+Ei Bkgj _ N-kth (f S )

X (fhf]) = ZkN=1

5 NkSMJrEi Bkg;

where S\ M2 Blei \/ /\[kSM“‘Ei Bkg; (1 + 82 .,\[kSM+21 Bkgi)'
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Estimators and x? Analysis: Error & Correlation

Errors and Correlation matrix:
> XP(foofi) = Xaun + 2,(fi —f) [V_l]ij (fi = f;), where
fi—fi = £Afi = £V, pj = Vis //Vii V.
Xomb. Fisfi) = 2okt Xk T k=1 i (i —fi) [V_l}ij (i 1)

V| AfF = £32x 1074 1
R:ﬂ:46><104 -05 1
= +42x107* —04 —06 1
22_ +26x1074 —-02 .03 —.04 1

Luminosity Error: L = 8L, 8 =1+ AB; X2 .. (isfi) = X, Firfir B)

_ _ _ _1\2
gomb (fi’ff’ ) = ercl 1X12mnk +ercl=1 Zi,j(fi 7fl) [V 1},']'(}9' 7/[]) + (BAkBk )
|V,b|Af1_i50><102 1

fR= +46x107* 0 1 . _
= ya2x10-d 0 —.068 1 with Af = 10%.
%2 = +26x10* 0 .02 —.041 1




Conclusion

» We observe high yields of single anti-top quark production with fiducial
effeciency of ~ 70% and ~ 90% in the hadronic and leptonic decay of W—,
respectively after imposing selection cuts.

> Sensitivity of polarization of W~ helicities are studied with respect to variation of
anomalous couplings.

> Asymmetries of different kinametic variable provide the sensitivity of anomalous
couplings of the order of 1071

> Exclusion contours through bin analysis further improves the sensitivity of
anomalous couplings to the order of 10~3 - 102 for | V| AflL with the variation of
1%-10% systematic error and others are of order 1072-10~" at 95%.

» Combined analysis through error and correlation matrix improves the sensitivity
of the left-handed vector and tensor couplings to the order of 10—4, while
right-handed anomalous couplings remain same as in bin analysis.

» Luminosity error affect | V| AfE.

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



Higgs at LHeC

» ”Higgs boson searches and the Hbb coupling at the LHeC”, B. Mellado, Tao Han,
PRD 82 016009 (2010)
> use of forward jet tagging as a means to secure the observation and to significantly
improve the purity of the Higgs boson signal in H — bb
> “Azimuthal angle probe of Anomalous HWW couplings at a High energy e p
Collider” , B. Mellado et al, PRL 109, 261801 (2012)
> T3 = —gMvgun
> TP 0) = 5 NP 8w — Pod) + N eunpap?a”

1

—
| E.=140GeV

0.8

Normalised Cross-section/bin [arb.unit]

A9,r, [rad]



Di-higgs production at e~ p Collider

CC production channel: e~p — vehhj, h — bb
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aiagram 1 QCL-0, QEL-6
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Lagrangian and Effective vertices
o £ Lo+ £5)+ Ly + Effh where

2
£® = Tiq — gy 4 g,ﬁ,fhha horh,

hhh 20 hhh
(3) g (1) wwart g 2) it 8 it
L8 = S S W Wl = [gh WW Wi+ he | - e B W WL,
) 8 M - ?2 @ - & . PN
Linww = 74mz S WH Wi ™ — ;"w [gthWW”SNWWh +h-C-] - 4m%N8thWWWWWh

» Effective Vertices:

. . 1 . (2
il = 76w>\smg,5h,)1 - lg,ﬂ,li (Pr-p2+p2-p3+p3-p1)
g g >
iLyy—w+ =1 [ {70 + @gh wh2 ps + 7ghww(7’z + Ps)} nH2ks
*fg;ilviwvé”iﬂ"z - —g,ii&w(p';ng S pheph) — lfghwwemwpz 4

2
. ) 1
iLpw—wt+ = 1[{g + gz gh(hl)/va3 pa+ g2 gh(hWW(pg +Pi)} 3k

2

1 . &

gz g;(lhavw% P4 - 2 ghhww(P§3P§4 +P4 P4 4)—i *gthW€M3M4MVP3p4:|
W W



Cross section and Distributions

Process cc (fb) ~c (fb) pHOTO (fb)
Signal: 2.40e-01

bbbbj: 8.20e-01 3.60e+03 2.85e+03
bbjjj: 6.50e+03 2.50e+04 1.94e+06
zzj(z — bb): 7.40e-01 1.65e-02 1.73e-02
ttj(hadronic): 3.30e-01 1.40e+02 3.27e+02

ttj(semi-leptonic): 1.22e-01 4.90e+01 1.05e+02

Table : Cross sections (in fb): E, = 60 GeV, E, = 50 TeV, j = guiiddssce. Initial cuts: |n| < 10 for jets,
leptons and b, Pt > 10 GeV, ARmin = 0.4 for all particles.
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Cut-based Analysis

>

Select 4 b + 1-jet: ;t > 20 GeV, |n| < 7 for non-b-jets, |n| < 5 for b-jets. The four b
jets must be well separated within AR > 0.7 in case of the overlapped truth
matching in the b-tagging.

Rejecting leptons with pf. > 10 GeV (suppress the Nc process)

Nforward—jet > 4.0, the forward jet as defined as the non-b-jet which has the largest
pr after selecting at least 4 b-jets.

miss . .
ET, > 40 GeV and A(I)E’%“ss,leadingjet > 0.4, A@E?‘Ss,subleadingjet > 0.4

Pair the four b-jets into two pairs and calculate the invariant masses of each pair.
The composition of the pairs which has the smallest variance of mass to (my — 40)
GeV is chosen. The first pair is defined as 90 < M; < 125, which must have the
leading b-jet. The other pair is defined as 75 < M, < 125.

Choosing the invariant mass of all four b-jets > 280 GeV.

Significance: s = /2 ((S + B) log (1 + S/B) — S)

Expected relative error:

AS _ \/2x5+2xB+(0.05x5)2+(0.05x B)2

, where S and B are

expected signal and background yields in £ = 10ab~! with 5% systematic error.



Cut-based Analysis

Samples Signal CCJet NCJet CCTop NCTop

Tnitial 236e+03 £ 482  6.45¢+06 & 9.3e+03  2.5e+08 & 4.26e+05 _ 4.49¢+03 & 5.03 74e+06 £ 6.86e+03
1band 1 lightjets 299 F 1.16 293 £ 7.56 2.23¢+04 £ 678 5.72 & 0.023 9.87e+03 £ 31.1
Electron rejection 299 £ 116 293  7.56 6.84e+03 + 385 5.66 & 0.0229 6.43¢+03 £+ 28
Forward jet P24 £ 101 229 F 1.39 864 F 65.1 0.399 F 0.00537 307 £ 538
EMISS 149 + 0.823 18.7 + 0.981 93.9 + 26.7 0.372 =+ 0.00524 85.4 4 2.86

Ef™ — ¢ rejection [128 + 0.76 16.8 £ 0.957 453 + 14 0.326 = 0.00493 63.6 +2.48
MM 71 £ 0568 149 £ 0.216 0.151 £ 0.0866 0.06 & 0.00212 1.1 £ 1.08
My, 634 £ 0536 0.849 £ 0.191 0.151 £ 0.0866 0.0346 & 0.00141 54 £ 0.776
Samples ICCZZ7j NCZzj NCPhotoProd Total background Significance
Tnitial 736e+03 £ 10.6 338 F 0426 2.1e+09 £ 3.43¢+06 2.36e+09 £ 3.5e+06 ___ 0.049
1band 1 lightjets 678 & 2.19 21.7 & 0.0707 7.36e+04 £ 4.21e+03 1.07e+05 & 43e+03 __ 0.92
Electron rejection 678 £ 2.19 14 £ 0.0614 6.23e+04 £ 1.29e+03 7.65e+04 £ 1.4e+03 11

Forward jet 380 + 164 1.04 £ 0.014 1.43e+04 £ 297 159e+04 & 3e+02 18

Elftiss B42 + 1.55 0.18 + 0.00575 980 + 21.9 1.52e+03 =+ 35 338

ET™ — ¢ rejection 287 + 1.42 0.1 + 0.00427 440 + 10.4 853 + 18 43

M My 168 £ 0.344 0.00613 F 0.00117 544 F 121 84.00 F 1.68 6.9

My 743 £ 0.229 0.00239 & 0.000661 219 £ 0.63 35.78 F 1.05 87

Table : Nuniber of events after optimization and weighted with luminosity £ = 10ab~". The abbreviations
CC(NC)Jet and CC(NC)Top accounts for the weighted sum of CC(NC) backgrounds 1, 2 and 4, 5 as given in
Table 1. NCPhotoProd refer to weighted sum of all pHOTO-production.



Statistical Analysis
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Statistical Analysis
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