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Linac-Ring Collider, LHeC and FCC-eh

Energy Recovering Linac et* beam: 60 GeV

Linte=1 fb-1-1 ab-1

LHC proton beam

Interaction point / detector

operated synchronously
- with HL-LHC:
p beam: 7 TeV, +/s=1.3 TeV

- or later with FCC-hh:
p beam: 50 TeV, +/s=3.5 TeV
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LHeC and FCC-eh Detector Studies

Peter Kostka et al.

1927 All Numbers [cm]
"« 600
- 422
Hadronic Calorimeter
200 Wd Endc
" « 154
" 8olenoid
Central de ﬁ « 46 A
se Tracker €« P
Tracker

80 50
Electromagn.- Electromagn.-

Fwd-Endcap Bwd-Endcap

* Very preliminary FCC detector design: extension of LHeC baseline detector
* Dimensions 20 x 12 m, transverse and longitudinal (fwd) sizes scaled w.r.t. LHeC
 Assumption of similar electron beam steering dipoles as in LHeC baseline design

Note added: LHeC>HE-LHC2>FCC-he: 1-=21.4->2 scaling the fwd dimension
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Deep Inelastic Scattering

Neutral Current (NC) Charged Current (CC)
e e g 3.
I: T o " ]\- k_ — g —r k

0° =-(k-k)° Q° =-(k-k")*
(2 L w
’ > ‘ »
// q /,f q’
/
q / p,=xP q f p,=xP
P = P' =
p S p remnant p e p remnant

— LHeC is unique facility for testing EW theory:
two beam charge and polarisation states,
NC+CC, p or isoscalar targets
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Asymmetry Measurements

- + =+
+ onc(Pr) —oync(Pr) + _ OnNc
A= ox (Pr) + o (Pr) R =22
OnNc\I'R) T Onc\LL Occ
485 ——— 1T 016.6"'111"'1""|""
A— g - 10 fb_l 8 0
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AT % 1 e beam: gl - ]
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_ | mean x differs by factor |
{ of 6 between NC and CC | ©
4.7 - . 16 - .
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Asymmetry Measurements

- - =+
A:}: . UNC(PR)_GNC(PL) R:l: . UNC
== + -
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§ i ﬁ | MSTWO8 ]
< 48k % 1 e beam: &i,| 0 i
extract | | 60 GeV 5
sin?0w : % _ _
(ot, mz 475 - 16.2 | ¢
fixed) - | mean x differs by factor |
i { of 6 between NC and CC | o
a7l i 16 | .
: : CTEQ6LL
stat errors
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P=+-0.8 10fb" sin’® P=-0.8, all Q’ sin’®
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Scale Dependence of sin“0w

PERLE CDR, Arduini et al, to be published
ICFA BeamNewsletter 68 (January 2016)

0.245

T 1 |||||I'|

FCC-ep

0.240

Q,(p)- ,:[Qw(e) _ INUTeV

PERLE
2 0.1-1GeV
= APY) Vel
nC 0.235 WEN 0.5% eDIs;
= accuracy
LEP 1
0.230 ot
LHC
0.225
L lllllld 1 llllllll 1 llllllll 1 llllllll L Illlllll 11 Illllll L IIlllld L L 111l
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— probe large range of scale dependence

EWK, Top and NP in ep Collisions
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LHeC CDR,
J.Phys. G39,
075001 (2012)
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CC Single Top Quark Production

— future ep collider is ideal to study EWK interactions of
the top quark

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 13



Signal and Backgrounds

Dutta, Goyal, Kumar, Mellado,

signal Fr > 25GeV arXiv:1307.1688 [hep-ph] background
_ A@E,j >04

- \/ A‘I’Eb > 0.4 e
\“\‘W- W < |m3132 mW| < 22 GeV

\b pr; b>20G€V

b-tag |77]|<5|77b|<25 _ T.q

P ARJb/J >04

N:=22000, s/b= 12

o
|

e beam: 60 GeV

100 fb-1
Er >25GeV  Adg; >04 o )
e Ve APz, > 04

\/ A(I)E,l Z 0.4 |

“ 4

“\W- W < ij,b,l Z 20 GeV q _

il <5, |mea| < 2.5 ...
b v
b -tag Pnt: AR;p/5 > 0.4 . - Yr‘ ,

N:=11000, s/b= 11
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Direct Measurement of |Vip|

(Vud Vus Vub )
VCKM - Vcd vcs Vcb
\/td \/tS Vlb )

\
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Direct Measurement of |Vip|

A|Vw|-1000 AB: luminosity uncertainty

P Leptonic ========
0.2 [P, Ap=.10 Hagronic ---------- )
~~~~~~ Leptonic + Hadronic s
501 Froe,, e ]
50 - """""" - ..“' """" o
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Direct Measurement of |Vip|

CMS Preliminary IthI Summary August 2014

1 1 LI I LI I 1 I 1 LI 1 I 1 LI 1 I LI 1 I I LI LI I 1 1 I 1

CMS tW, 7 TeV, 4.9 fb", PRL110 (2013) 02203

1.010 * 21 (exp) * 220 (th)

CMS tW, 8 TeV, 12.2 fb", PRL 112 (2014) 231802
1.030 + 0.120(exp) + 0.040(th)

CMS t-ch., 7 TeV, 1.17/1.56 ib”", JHEP12 (2012) 035
1.029 + 0.046(exp) + 0.017(th)

CMS t-ch., 8 TeV, 19.7 fb"!, JHEPO6 (2014) 090
0.979 + 0.045(exp) + 0.016(th)

v . v V v CMS t-ch., 7 and 8 TeV combined, JHEPO06 (2014) 090
CKM — cd cs ch 0.998 + 0.038(exp) + 0.016(th)

Ma Vis Vo LHeC, 100 fb-!
1.000 = 0.005 (expected)

A

Sl

— high precision measurement

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 17



Limits on Anomalous Wtb Couplings

= 1in SM T

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 18



Limits on Anomalous Wtb Couplings

- (/g; Eyu‘/tb@L R)tW,u_

L=
=1 in SM v

P
10 qv@’ tW + h.c.

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 19
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Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

cos0O: angle between charged
lepton and spin quantisation
axis in top rest frame

1 dr 1 _ Ny — N,
Irdcosf 2(1 T Anacosd) A = Np+ Ny
P N |
09+ S;hﬂ
using simply e-beam axis: -l
. . 07 +
polarisation: Py = 96% g |
TESLA+HERAp: “-é st frR=(.2
Js=1.6 TeV T oot
Lint=20 fb-1 0.3 ”
02 | accuracy of order 102
19.7 fb_l: ATl= 0-2610-11 0.1 ;

-0.8 -0.6 04 -0.2 0 0.2 0.4 0.6 Ol.8
JHEP 04 (2016) 073 cos8
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NC Top Quark Production

Bouzas, Larios,

Physical Review D 88, 094007 (2013) Single top
top pair production :
production
DIS photoproduction photoproduction

> g%Z % v y
, t
I t) t ’ / , %’Q b /'/
9 T ;P9 . t / ./l/'/),w
e-beam 60 GeV, 100 fb-1:

0.023 pb 0.70 pb 0.031 pb
Ni=2,300 Nz=70,000 N«=3,100

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 22



Top Quark Structure Function

Boroun, Phys. Lett. B744,

Line=10 fb-1

100

142 (2015) )
A v Q=100
; 10 A 2_
variable flavour . : 82_18880
number scheme 1 s -
[ ]
for top quark . A
0.1 o A
[ J A
[ J A
— [ ] A
:;; 0.01 v v o A
o v L A
[ ]
1E-3 v v °
v [ J
v
1E-4 v
2 2 v
> L 1E-5 Q° < 4dm;
1E-6 I l"'l Ll ""l' Ll 'I"Il L) 'Ill'l L)
# t 10 100 1000 10000 100000
rt
t Am? Q? z
_ t N1+ B
< n=0+"75)""0z(5 )
Q 0o Lo
Am?
_ ¢
r=zp(l+ 02 )

— LHeC opens up a new field of top quark PDFs

ICHEP 2016
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Analysis of the tty Vertex

signal

8

1Q:eyH
g

# t

background




Search for Anomalous tty Couplings

tty —

Q (Qw“A + %0“”1%(% + i%%)) t
t
K,

electrlc dlpole moment: K
g .

< 17 E e . e=60GeV

1L B — Xy

LHeC: | S

0r I
10% and 18% accuracy
"~ LHC with™_
*  27% accuracy |\, >%accuracy

4 (4.59fb"1, 7 TeV) 2 -1 0 'k
magnetic dipole moment: k

Bouzas, Larios,
Physical Review D 88, 094007 (2013)
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Search for Anomalous ttZ Couplings

Bouzas, Larios,
ZZ b Physical Review D 88, 094007 (2013)
t q
Kz, Kz , | __proerty | precision ]
# t q EDM: K / Kz | 0.20-0.28/0.6-0.8
g i MDM: k / kz | 0.05-0.09/0.9-1.3
<

tt photoproduction

b
/ 7
V\/\< / LHeC:

10% and 18% accuracy

Kz L
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Single Top Quark Production:

b-tagging: e* et
60% efficiency

150<Mwb<200 GeV

€+,q T V.9
p P 3 )
107 I ' ' ' ' ' SlgnIaI
= — qt W (f 4 hgvs)qAu + h : —>  final W
ge > Qq=2to™ (fg + hgvs)qAu +hc. 451 | nal state b _
q=u,c "«V H
< 102
(]
LHeC TDR, % 103
J.Phys. G39, (- .
075001 (2012) é: 10°
3 10%
Yp collider: ) : 1
e—-beam 70 GeV 10 K/A=OEO4TeV -----
Y: 80% of e-energy 107

40 60 80 100 120 140 160 180 200
pr(GeV)

N
o

Line=10 fb-1
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Single Top Quark Production: NC

0.04
KC/A 0.035 |- 95% C.L.
[Tev-1] E mer
0.03 |-
0.025 — 10 fb_ 1
LHeC CDR,
J.Phys. G39, oo

075001 (2012) ors |

LHeC| |

......................................

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

g=u,c — 7 f = KU/A[TeV_]']

== 1a
4 4 S 4 / 4 y U - p
wr  Ky=Kc // _ et = 100/
. T ",?" ‘i_;-f':‘"' -~ 10/fb
: 10 ///'f"’ NI S ai ]| Ry
=) — e e e
50- EJ.) — " "' Pid - - -
. ot - i ;f' _ P 2 ’_4
analysis needs to . 1" L 1 ab-1:
- - A,& 1 ‘,—‘ e ]
be optimised for AR IPES PP g me—— == ]
FCC-ep conditions e SEE discovery for
(;.001 0.002 0.005 0.0110 0.(;20 0.0150 0.100 Coupllngs Of

Fcc_ep K/A [Tev-ll Order 1()_3
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FCNC Top Couplings at Colliders

1 95% C.L.
— L
3 -
2 —
0.8 H1
0.6
- ZEUS
\4__\ .
0 T L3
LD e
0.2 .
0-|||||||:|%///
0 0.5
dimensionless coupling (A=m;) tuy
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FCNC Top Couplings at Colliders

cortamoration, | 95%C.L.
arXiv:1311.2028 [hep-ph] _N E ZEUS
>3 s L3
- D ’.‘:‘,..'.'.'.'.'.'.D.,Q
107 = % 21 fb1, 7 TeV _%////
- 5 fb1, 7 TeV +
- 20 fb1, 8 TeV /
102 %
- 1 1 1 1 111 II 1 1 1 1 111 II i /%
107
10° 10° 10°
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FCNC Top Couplings at Colliders

cortamoration, | 95%C.L.
arXiv:1311.2028 [hep-ph] _N E ZEUS
>3 L L3
- D PO
107 = % 21 fb1, 7 TeV _%////
- 5 fb1, 7 TeV +
- 20 fb-1, 8 TeV
) ATLAS: 300 fb:’ /
10 = Vs= 14 TeV %
- 1 1 1 1 111 II 1 1 1. 111 II : /%
107
10° 10° 10°
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FCNC Top Couplings at Colliders

zop Quark T/.\Iorking Group 95% C.L.
ollaboration, 1
arXiv:1311.2028 [hep-ph] —
N - ZEUS
:>3 bR L
— D e, S PY

10" % 2.1 fb1, 7 TeV

5fb1,7 TeV +
20 fb1, 8 TeV

W
L

o
500 fb-1

Vs= 250 GeV
10-3 1 1 ||||||I 1 ||||||I :

107 1072 10"
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FCNC Top Couplings at Colliders

1 95% C.L.
TN - ZEUS
>3 e ——— L3
— T e I DO

@ 2.1 fb1, 7 TeV

-
Q
| |||||III|

5fb1,7 TeV +
-} 20 fb-1, 8 TeV

102

ATLAS: 300 fbi!
Vs=14 TeV i

il
500 fb!
Vs= 250 GeV :

1073
103

EWK, Top and NP in ep Collisions

__________ 10°

- Christian Schwanenberger -
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— test SUSY, little Higgs, technicolor...
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FCNC Top Couplings at Colliders

95% C.L.
1E i
N N ZEUd
>3 T s S L3
— — CDF ..... DQ

10° @ b.1fb1, 7 TeV

L 'g W
g 5 fb-1, 7 TeV + /
) T 201b7, 8 Tev /
T R /
107 E- LH.C Vs=14 TeV
- qle /
B v :
i 1 ab-t y 500 fb-t %
s= 250 GeV :
10-3 | ||||||| | ||||||| : %
10° 10° 10"

— test SUSY, little Higgs, technicolor... Ftuy
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FCNC Top Couplings at Colliders

1 95% C.L.
y jEUS ______________________________ .
S o Y-

107 @ 2.1 b1, 7 TeV _M////

E
3 5 fb1, 7 TeV +
) T 20 b4, 8 Tev /
: ATLAS: 300 fb;1 /
102 | FCC-he Vs=14 TeV i /
- gle /
- 115 :
| 1ab y 500 fbt %
s= 250 GeV :
10-3 | | ||||||| | ||||||| : %
10° 10° 10°

— test SUSY, little Higgs, technicolor... Ftuy
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Search for Anomalous FCNC tHu Coupling

background

irreducible backgrounds:

e p — ve(h — bb)j
e p — Ve(z — bb)j
e p — V(g — bb);

reducible backgrounds:

e P — Velj

e p — Vejjb/b
e p— Vet

e p—e jj

e p— e jjb/b

e p—e (g— bl_))j

(9)

e parametrised assumed resolutions for electrons/photons, muons, jets and
unclustered energy using ATLAS values

e b-tag rate of 60%, c-jet fake rate of 10%, light-jet fake rate of 1%

e selections optimized for LHeC and FCC-ep scenarios (s/+/(S+B))

e cut-based and MVA-based analyses

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 37



Upper Limit on Br(t—uH) in MVA analysis

1071

TMVA-Based Analysis

LHeC

60GeV® 7TeV

< ATLAS, 4.7(20.3)th=1@7(8)TeV
< CMS, 19.5 fb~1@8TeV
| BrtoPwmeosoe 00 — <

sy T— LHC, 3000 fb~'@14TeV

Br(t—hu)=0.183%
1073 |

101

TMVA-Based Analysis

60GeV® 50TeV

ATLAS. 4.7(20.3)fb~1@7(8)TeV
CMS, 19.5 fb~1@8TeV
LHC, 3000 fb~1@14TeV

— improves sensitivity of HL-LHC

- Christian Schwanenberger - ICHEP 2016 38
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e future ep collider has a rich analysis programme for
electroweak interactions of light and heavy quarks

e high precision EW measurements: sin?0, light quark
couplings to bosons (vy, au, Vd, ad)

e top quark couplings to bosons (|Vw|, Wtb, tty, ttZ, tH)

e analyse top quark properties: polarisation, charge, PDFs of
tops, ...

e many stringent searches for new physics:

anomalous couplings, FCNC, H* bosons, heavy top, SUSY,
technicolor, ultra heavy/majorana neutrinos, leptoquarks,
stops, sbottoms, BSM VB scattering...

— more exciting studies to come for

LH.C (&)

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 40



Backup
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NC Cross Section Measurement

x=0.005 LHeC x=0.05 LHeC

Neutral Current (NC)

0,(x,Q")
o
.

T —_ 01¢ 01¢

10 fb?.

‘ 102 AAL .].nlo3 Al ...inlo‘ Al .n..l".?f A ...-.l.:I06 102 A ..ul..m P lo‘ lw Al “.‘l‘.&
74 0,(¢ P=-0.9) Q/GeV? o,(¢ ,P=-0.9) Q/GeV
) x=0.20 LHeC x=0.6 LHeC

001+

0,x,Q%

' 't stat errors

- -
F F
f P
F F
f b

¢ ]
Q‘..ooo‘ )

001 3

p 102 A .....lnloJ i ...“]...lo‘ A ‘.“.i‘log i .....]...106 102 A .1...1..103 " ....i.lo‘ A .....lnlcs A .....].-.Io‘
o,(¢ P=-0.9) Q'/GeV* o,(e P=-0.9) Q’/GeV’

— high precision in large range of Bjorken x and Q?

LHeC TDR, J.Phys. G39, 075001 (2012)
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Quark Couplings to the Z boson

Neutral Current (NC) Charged Current (CC)

= p remnant

= JL xial coupling, I3=+ oru, - or L) =
a, =13 wxdeouing vz foru v2ferd - i v simulated NC and CC data to extract
v, = I —2e, 5in" 0, Vector cowling au, ad, Vu, Vd and PDFs simultaneously

EWK, Top and NP in ep Collisions - Christian Schwanenberger - ICHEP 2016 43



Vector and Axial Vector NC Couplings

C: e beam: 50 GeV, 1 fb-1 e p, 1 fb-! etp, polarisation: 40%

HERA+LHeC fit HERA+LHeC fit

- B | L I 1 11 I | L I T 1 | 0'0-25 | I | I | I L I |
> 0.26] 12> I ‘
""" LHeC scenarios: ] i LHeC scenarios: i
~ I B _ - B i
0.24 - c . -0.3 c —
o D 7 i D _
0.220" £ :  mmE :
0.2 — (O) —: -0.35~ Q ]
0.18[ | - I )
0161 ssm | 04r v sm
0.14 -_I | | | I | I | . | | | I | I_- i | .| l | 1 | I | I | I | 1 | I | ]

04 0.45 0.5 0.55 0.6 -0.8 -0.6 -0.4 -0.2
a, ad

LHeC TDR, J.Phys. G39, 075001 (2012)
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Vector and Axial Vector NC Couplings

C: e beam: 50 GeV, 1 fb1 ep, 1 fb-! e*p, polarisation: 40%
significant improvements for higher luminosity and FCC-HE

:0.9 T prrrrprrrrysrrrrrsrrrrrpsrrrrsrsrprrsrpreedy he] -lllllllllllllllllllllllllll\l!.l

> L ] > R
o 1 04 "

08 = LHeC . H1 prel (94-07) - [ = | HeC . H1 prel (94-07)
0.7 F 68% CL | = | ZEUS prel (94-06)- 0.2 68% CL | = | ZEUS prel (94-06) -
0.6 |- ~esssoo LEPEWWG A 0 .
0.5 :'- ;.\.\ - proton o +—: -0.2 '- —‘
E - . g 70 e : L :
04F U 3 s -
- : . g o 04 .

0.3 .:_ K . > antiproton _: :
: : 06
0.2 [ - - [
o1k ’ : 08} ]
: 5 : S LEPEWWG -
0F * Standard Model 3 -1~ * Standard Model -

1

" ] DO
. X 2T ETE FETTE FETTE FITTE PITTE PETTE PRI PRTEE PR T Y0} PR U S S T S R
"0 01 02 03 04 05 06 07 08 09 1 1 -08 -06 -04 -0.2 0 02 04
a a
u d

— high precision measurement
— test new physics: Z’ boson, R-parity violating SUSY, leptoquarks
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Gluon Parton Density Function
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Top Quark Parton Density Function

parton momentum fraction

____cfns
massless

logQ?/GeV?

LHeC CDR, J.Phys. G39, 075001 (2012)

e \/ Ve

\ -

six-flavour \W
variable number —_

scheme for top
quark

o

— LHeC offers new field of research for top quark PDF
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:
arXiv:1307.1688 [hep-ph] \js (TeV) 2 i 105 eventS

3-10° events

100 L8 167 205 237 265 290

10 ¢

80% PoL. s
Unpol. =——

0.1 f

0.01 — ' ' ' ' ‘
50 100 150 200 250 300

— LHeC offers excellent prospects for top quark physics
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado, 100 fb_l:

arXiv:1307.1688 [hep-ph] Vs (TeV) 2-6-10° events
3-10-10° events

100 L8 167 205 237 265 290

| 10pb :
10 ¢ 3 pb ............................................................... ‘5
~ S 4 6 pb .
g X 2pb _
; 1 N P : 80% Pol.

: : Unpol. —

.60 GeV :140 GeV
0.01 —- - ' . | |
50 100 150 200 250 300
E, (GeV)

— LHeC offers excellent prospects for top quark physics
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CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado,

-\/ l
arXiv:1307.1688 [hep-ph] W W
Vs (TeV) [ N <_1
b t b
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s —0
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Backgrounds: Hadronic Channel

No. Background pr;, >20GeV  Adg; >04 |m;,;, —mw| <22GeV Oeft.
Process ;| < 5,|m| <25 Ady,>04
AR, >04
Er > 25
1 e p— v.W b 7.5 x 107° 6.8 x 10°° 4.5 % 107° 2.7 x 107°
without anti-top line
2 e p— vejji 4.2 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 10Y 8.6 x 107! 8.6 x 10°
& e p— v.Cjj
4 e P — VeCCj 5.8 x 1072 5.0 x 1072 3.2 x 1072 6.7 x 107°
5 e p — vebbj 2.5 x 1077 2.2 x 1077 5.6 x 102 1.3x 107
6 e p— e 2.5 x 1072 2.2 x 1072 1.5 x 1072 1.5x 1074
(c—= W73
Event Selection | pr;, > 20 GeV = Ady; > 0.4 |m;,;, —mw|<22GeV  Fiducial S/VS+B
In;| < 5,|m| <25 Adg,>04 Efficiency
AR;p/5 2 0.4
Br > 25
SM 3.2 x 10* 2.3 x 10* 2.2 x 10* 66.7 % -
SM+3>". Bkg; 6.5 x 10* 5.0 x 10* 4.0 x 10* 61.5 %
V| Aff =5 7.3 x 10* 5.0 x 10* 5.0 x 10* 68.0 % 1.92
fit=15 4.6 x 10* 3.2 x 10* 3.2 x 10* 69.7 % 1.43
¥y =.5 4.9 x 10* 3.6 x 10* 3.6 x 10* 73.2 % 1.55
¥ =—-.5 3.4 x 10* 2.3 x 10* 2.3 x 10* 69.6 % 1.40
=25 5.7 x 10* 4.1 x 10* 4.1 x 10* 72.3 % 1.69

- Christian Schwanenberger -
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Backgrounds: Leptonic Channel

No. | Background prjp. = 20 GeV, AR, ,,; > 0.4, Br > 25 Ady,; > 04 Oeff.
Process In;il = 5, |nea| = 2.5 Adg, > 04
Adg; > 0.4
1 e p—= 1l ] 1.5 x 1071 1.4x 107! 1.4 x 107°
e p— e 6.6 x 10 6.1 x 1073 6.1 x 1074
& e p—l et
3 | ep—=l b 3.6 x 10°° 3.2x 107 1.9x 107
& e p— 1l b
Without top line
4 | epael e 1.5 x 102 6.9 x 10~° 6.9 x 104
5 | ep—ael g 1.2 x 107! 5.5 x 1072 5.5 x 10~*
Event Selection pr;, > 20 GeV Adg ; > 0.4 Fiducial S//S+ B
In;| < 5,|m| <2.5 Ady, > 0.4 Efficiency
AR;,;; > 04 Adg; > 0.4
Er > 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 % -
|Vis| Aff = .5 4.5 x 10* 2.5 x 10* 92.6 % 1.55
=25 2.8 x 10* 1.6 x 10* 94.1 % 1.23
y =.5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
L =_5 1.8 x 104 1.0 x 104 90.9 % 0.95
fR=5 3.6 x 10* 2.0 x 10* 90.9 % 1.38

- Christian Schwanenberger -
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Search for Anomalous Wtbh Couplings

= 1in SM e
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Search for Anomalous Wtbh Couplings

= 1in SM e
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Search for Anomalous Wtbh Couplings

=1 1n SM ol N
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Dutta, Goyal, Kumar,
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+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings
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EWK, Top and NP in ep Collisions
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Search for Anomalous Wtbh Couplings
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Search for Anomalous Wtbh Couplings

* SM

; —
= 11in SM o
8§ 710 g ‘
Y
\/5 M, ) [Z
1_
fR ot
0.8 S
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[ \s=7TeV, L =35pb’-2.2fb"
04 " B ss cL
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Search for Anomalous Wtbh Couplings

b/ b fR |
p 081 B
0-6:— LHC combination preliminary V=1,V _=0
- \s=7TeV, L =35pb*-22fb"
0.4r- o B s cL
92" | HeC (sys. err. 1%), 100 fb-1 .95% CL
o:— * SM
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Search for Anomalous tty Couplings

tt’y

Q (Qw“A + %0“”1’“”(% + i%%)) t
t
K,

electrlc dipole moment: K

g S .
B ]7 _ B — X37 """"""""""
K
0.5
14
LHeC:
8% and 16% accuracy — ‘.
10% 18% . N
— systematically limited ;|
LHC with
4 27% accuracy 3% accuracy o
4 (4.59fb"1, 7 TeV) 0.5 0 0.5 1 K
Bouzas, Larios, magnetic dipole moment: k

Physical Review D 88, 094007 (2013)
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Top Quark Dimension 6 Operators

A2£4f = Cl(DL'YMtLEL'YueL + h-c-) + [C2DL€R5RtL + C3BL€R77LtR + C4I7L6RBLtR + h.c.]

e'L\SM/ ve Ci 0.50-0.85
LW w.< Co' 2.2-5.0
\ ] :
b t 5 Cs 1.4-2.9
b C4' 2.2-4.9
°L,R experimental error
Sarmiento-Alvarado, o
B , Larios, T . 15% . . 68% C.L.
sowsen terton panG) %\ acapte pry 88% C
P — 0 G | (a) Red Lol ©
Pe — 0.4 2.1 L 2 |
P.=0.7 o 0f 0.f
.| o 2.
2.
cross section 1. os o o5 O T 5 0 o0s 1. Oy T 05 0. 05 1. Oy
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Top Quark Structure Function

Boroun, Phys. Lett. B744, 142 (2015)
~tt t
variable flavour (Tt) aFQ (Tt) 1 — R (Tt)]
number scheme /
for top quark
100 -
3 N v Q’=100 v Q'=100GeV’, ® Q°=1000GeV’, & Q'=10000 GeV’
10.; 4 A d Q2=1000 — A A A A A A A A A A A A
: A 4 Q’=10000 ‘o 021
14 A -
° A ks ]
] ° A 0.00 - ¢ * 3 % T 3T O'T OST OS OS5
0.1 2 ] A
3 [ ] h
3 ) A 1E-3 1E4 1E-5 1E-6 1E-7 1E-8 1E-9 1E-10 1E-11 1E-12 1E-13 1E-14 1E-15 1E-16
—> 0.01 < v [ ] A x
~, v [ J A
g ] v L4 A
1E-3 3 'v * . 0037 A A A A A A A A A A A a
E v ° 0.02 4
1E-4 v v 0,01..
? 2 2 v = o00- B A I B
= Q < 4mt @ ] xEs
i ~ ] aboveQ
1E'6 T T rrrrrrg T T T 'l"'l T L ""'] T LA LR AR | v LA '0.02 T T rrrrreT T T Trrrery T T rrrreT T T T rvyvrrg
10 100 1000 10000 100000 10 100 1000 10000 100000
Tt Tt
— approximately: 1/1¢ — independent of x and T¢

— longitudinal top structure function component could be
good to probe top quark density in proton at Q?=4m:?2
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Reconstructed Higgs mass

/

B cp-v t-v hg-v bbg,g=uc
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Reconstructed top quark mass

0.25

B cp-v.t-v.hg—y, bbgg=u.c
-- == ep-ov(toWw
-~ ep-V,(z—bb

IIIIIIIIIIIII
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Searches for RPV SUSY and stops

L-number violating terms

bilinear terms B-number V|olat|ng terms

AL=1, 9 A couplmgs, 27 N\’ couplings 045k
0.40f
0.35}
0.30
o.zsi
0.20 |
0.15
0.10 |

d(p,) b(p,)

0‘: = reereren AT BPEPEPEN
2 4 100 200 300 400 500 600 700
The lighter stop t, mass M (GeV)

LHeC, 1.0fb™

e(p) w(p,)

—

>,
-—
w |
=

*l-lll

|
>
N -
w
w

95% C.L A,

similar to leptoquark searches
with generation mixing — very promising with high luminosity

— RPV can be probed at unprecedented levels
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Gluino pair production PDF uncertainty

3.0 : , ,
— CT14 normalized to MMHT14
25t | — MMHT14
—— NNPDF30 NLO QCD
,ol| — HERA20 M(squark)—l\/!(glwno)-p,R:uF
— ABM11
LHEC

o/oNMET14

Update by Chrlstoph Borschensky,

- Michael Kramer . | ‘t—

“1g LHC. (14 TeV) C. f. LHeC Note 2012- 005 larX|v 1211. 5102“35
M~ M [TeV]

— improves sensitivity for HL-LHC
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