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The Top Quark

is the top quark the particle
as predicted in the SM?

e EWK interactions of top
quarks

e top quark properties

e search for new physics

— ep collider excellent to explore top quark
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LHeC, Linac-Ring Collider

Energy Recovering Linac e* beam:

10-GeV linac Injector 60_ 140 GEV
(LHeC, FCC-HE)

Total circumfrence ~ 9km

Final electron focus LHC proton beam

Beam dump

10-GeV linac

Interaction point / detector

Lint = 10, 20, 100 fb-1 p beam: 7 TeV

MANCHESTER Top Quark Physics - Christian Schwanenberger - LHeC Physics Meeting 5 8 SOCIETY



Introduction
Charged Current
Neutral Current

Summary

TTTTTTT
SOCIETY

MANCHESTER Top Quark Physics - Christian Schwanenberger - LHeC Physics Meeting 6 ‘



CC Single Top Quark Production

— future ep collider is ideal to study EWK interactions of
the top quark
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Gluon Parton Density Function

— measure gluon density at high x
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Top Quark Parton Density Function

parton momentum fraction LHeC CDR, J.Phys. G39, 075001 (2012)

e-\/ Ve

\ -

six-flavour \W
variable number —_

scheme for top
quark

o

____cfns
massless

5
logQ?/GeV?

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

Dutta, Goyal, Kumar, Mellado,
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Signal and Backgrounds

signal Fr > 25GeV background

APy >04
e Ve H,j Z e

\/ A‘I)Eb>04
\““W' W < |m3132 le < 22 G’eV

b T \prb>20GeV s _
b-ta In;] <5|nb| <25 _ SN
P g ARJ b/j Z 04 .s.\_‘_ .Z " ,q'

N:=22000, s/b= 12

e beam: 60 GeV

100 fb-!
Er >25GeV  Adg; >04
e Ve Adgp > 0.4
\/ A(I)E’l > 0.4
g -
LW W< P14y, > 20 GeV
\ ‘,/ VI ' Uy
b t Ini| > 5, |nbi| > 2.5
b tag AR] b/j >04
P

N:=11000, s/b= 11
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Backgrounds: Hadronic Channel

No. Background prjp >20GeV  Adg; >04  |my,;, —mw| < 22GeV Oeff.
Process ;| < 5,|m| <25 Adg,>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 — V] 1.5 x 10" 1.2 x 10Y 8.6 x 107! 8.6 x 10°

& e p— v.tjj
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 2.2x 1077 5.6 x 107 1.3x 107
6 e p— e 2.5 x 1072 2.2 x 1072 1.5 x 1072 1.5x10°*
(c—>W~'s
Event Selection | pr;, > 20 GeV ~ A®gy; > 04 |m;;, —mw|<22GeV  Fiducial S/V/S+B
In;| < 5,|m| <25 Adg, >04 Efficiency
AR,y > 0.4
Kr > 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 %
|Vio| AfL = .5 7.3 x 10* 5.0 x 10* 5.0 x 10* 68.0 % 1.92

fB=05 4.6 x 10* 3.2 x 10* 3.2 x 104 69.7 % 1.43

ff=05 4.9 x 10* 3.6 x 10* 3.6 x 10* 73.2 % 1.55

F=—-.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
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Backgrounds: Leptonic Channel

No. | Background prjp. = 20 GeV, AR;,,; > 0.4, Br > 25 Ady,; > 04 Oeff.
Process |n;i| = 5, |nea| = 2.5 Adg;, > 04
Adg, > 0.4
1 e p— 1l D) 1.5 x 107! 1.4x 1071 1.4 x107°
e p—l Dee 6.6 x 10°° 6.1 x 1073 6.1 x 10°*
& e p—l et
3 | ep—=l b 3.6 x 103 3.2 10°° 1.9x 103
& e p— 1l b
Without top line
4 e p—el e 1.5 x 1072 6.9 x 1073 6.9 x 104
5 | ep—ael iy 1.2x 107! 5.5 x 1072 5.5 x 107%
Event Selection prjy = 20 GeV Adg; > 0.4 Fiducial S/VS+B
In;| < 5,|m| <2.5 Ady, > 0.4 Efficiency
AR; 4/ > 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 % -
|Vio| 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
ff=.5 3.1 x 10* 1.7 x 10* 89.5 % 1.27
fE=—5 1.8 x 10* 1.0 x 10* 90.9 % 0.95
=25 3.6 x 10* 2.0 x 10* 90.9 % 1.38

MANCHESTER

Top Quark Physics

- Christian Schwanenberger -

LHeC Physics Meeting 13

SOCIETY
BRATIN 0 AR



CC Single Top Quark Cross Section

Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688 [hep-ph]
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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 18 167 205 237 265 290

j 10pb :
oy 3pb .
~ S 4 6 pb 1
g X 2pb _
; 1 K P : 80% Pol. s

: : Unpol. =——

.60 GeV 1140 GeV
0.01 . ! 1 n I | 1
50 100 150 200 250 300
E. (GeV)

— LHeC offers excellent prospects for top quark physics
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Direct Measurement of |Vip|

VCKM — vcd Vcs vcb
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Direct Measurement of |Vip|

AB: luminosity uncertainty

AlVw|-1000

50.2 ., AB=.10 feptonic e
~~~~~~ Leptonic + Hadronic
SOL e, e
50 N ety .""""'-----.-.:...-_'l'. ____________________
p Luminosity in fb™!
25.4 . AB = .05
252 froo,, e
. | . ..................
Vekm =|Vea  Ves  Ves R
ummosuy mn
Vi Vis Vo) 7
~~~~~~ AB=.01
6 b e )
sk . -'.:.7.'.'.'.'.:,-----..._.,_,,._A_T___ P —
10° 10’ 10
Luminosity in fb™

Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688 [hep-ph]

100 fb~1: A|Vw|=0.005
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Direct Measurement of |Vip|

CMS Preliminary August 2014

LI LI I LI 1 I 1 LI 1 I 1 LI 1 I LI LI I LI LI I 1 L

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

1.010 * 0160 (exp) + 092 (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 fb", JHEP12 (2012) 035
1.029 + 0.046(exp) + 0.017(th)

CMS t-ch., 8 TeV, 19.7 fb™!, JHEP0S (2014) 090
0.979 + 0.045(exp) + 0.016(th)

v _ V v v CMS t-ch., 7 and 8 TeV combined, JHEP06 (2014) 090
CKM — cd cs ch 0.998 + 0.038(exp) + 0.016(th)

Ma Vis Vo LHeC, 100 fb-1
1.000 = 0.005 (expected)

A

SERER

— high precision measurement
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Search for Anomalous Wtbh Couplings

g - _
| Lo L @,
=1 In SM v

__8 pio™g,

V20 M,

(£7P,+ £ P )tW, + hc.
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Search for Anomalous Wtbh Couplings

=1 in SM
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Search for Anomalous Wtbh Couplings

Dutta, Goyal, Kumar,
Mellado, arXiv:1307.1688

¢ \/ Ve
\\ I-
W we
< Vi
b t b
P P
0.18 . . ; 0.07 .
0.16 | fR= SM top+bckg. B2 | B
- 0.06 |
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'mis

+ other variables sensitive on W helicity
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Search for Anomalous Wtbh Couplings

8 1-.u -
L=__/;b}’ Vat b L R)tW,u
= 1in SM -
— 10 _
- Ve ~5 p L i R)th +h.c.
Wy
b t b
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syst. error syst. error
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Dutta, Goyal, Kumar,
Mellado, arXiv:1307.1688

68% C.L.

syst. error
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Search for Anomalous Wtbh Couplings

g - u ! B Dutta, Goyal, Kumar,
L __/?by—)vtb@L R)th Mellado, arXiv:1307.1688
= 1in SM .
— 10 _
: v & b QV@L R)tW +hec.
© T~ : \/5 M g o,
\ | W 68% C.L.
W we
YA [ property | precision |
P fut 0.001-0.01
fuR, frt, frR 0.01-0.1
syst. error syst. error syst. error

2 1
sl 08 |
] 06 |
o ! Qo4
v 05| N = I
z- 0 - [ ] 0 -
0s | {82 o2t
HE Oj ! 04 |
] ] 06 |
15+ -0.8
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Search for Anomalous Wtbh Couplings

1_
fR |
0.8~ | —
0-6:— LHC combination preliminary Vi =1,V_=0
[ \s=7TeV, L =35pb™'-2.2fb"
0.4/ " B ss cL
0.2]- | |o5% cL
0:_ - — T i o — o ‘ * SM
-0.2:— e s Zj' 4:” o iy Z"'
-0 %: | | o1 | | | |
4 -03 -02 -0.1 0 01 02 03 04
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Search for Anomalous Wtbh Couplings

o/ F 5 R
p 08/ | —
0.6/~ LHC combination preliminary Vi =1,V_=0
- \s=7TeV, L =35pb™-2.2fb"
041 o B ss cL
02| HeC (sys. err. 1%), 100 fb-1 [Jos%cL
o:— * SM

-0.2f
054 0.4
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Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

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

1 dl' 1 _ Ny — N,
I'rdcosf 2(1 +Apacosf) A = N; + N,
P 4 ——— .
09 SM
using simply e-beam axis: [
polarisation: P, = 96% 5 |
TESLA+HERADPp: E o5t frR=
Vs=1.6 TeV |
Lint=20 fb~1 (update for 100 fb-1?) N
02 | accuracy of order 102
20 fb~1: P = 0.82+0.34 04 .

-0.8 0.6 04 -0.2 0 0.2 04 0.6 0.8
CMS-PAS-TOP-13-001 cosf
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Search for Heavy Top Partners

J. Ferrando

T
b Madgraph 5
Mass (GeV) Cross-section (fb) BR(T->Whb) BR(T->tZ) BR(T->tH)
400 13.3 0.64 0.13 0.23
500 1.85 0.58 017 0.25
600 0.277 0.56 0.20 0.24
700 3.91e-02 0.55 0.21 0.24
800 4.7e-03 0.54 0.22 0.23
e-beam 60 GeV

— would need more than 100 fb1
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NC Top Quark Production

Bouzas, Larios,
Physical Review D 88, 094007 (2013)

single top
production

top pair production

DIS photoproduction photoproduction

e-beam 140 GeV, 100 fb-1:

0.12 pb 3.2 pb 0.143 pb
Niz=12,000 Niz=320,000 N:=14,300

MANCHESTER Top Quark Physics - Christian Schwanenberger - LHeC Physics Meeting



Analysis of the tty Vertex

signal y ; background
t q
1Qey* ,
pol a

— measure top quark charge
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Analysis of the tty Vertex

signal background

v b

iIQey*
g

# t
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Search for Anomalous tty Couplings

tt'y

(Qt’)/'uA -+ %O'MUF ,/(K) -+ ’HZZ’Y{;)) 4
my
K!

electrlc dlpole moment

g
< vV E e=60GeV
¢ 1+ B — Xgv
LHeC: — ;’l —
10% and 18% accuracy | = L :
1 LHC with™
- 5% accluracly | | .
-2 -1 0 l g
Bouzas, Larios, magnetic dipole moment: k

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

Bouzas, Larios,
23 b Physical Review D 88, 094007 (2013)

LHeC:
10% and 18% accuracy
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Search for Anomalous ttZ Couplings

Bouzas, Larios,

ZZ b Physical Review D 88, 094007 (2013)
t q
q EDM: K / Kz | 0.20-0.28/0.6-0.8

MDM: K / Kz | 0.05-0.09/0.9-1.3

LHeC:
10% and 18% accuracy
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Single Top Quark Production: FCNC

b-tagging: e et
60% efficiency

b

150<Mwb<200 GeV

€+,q T V1.9
p i ; N
10° ,
Kq 5 _ Slgn+al
= —Ge Z Qq —~to" (fg + hgv5)qAu +he. 4ot | :—) final state \\/Ivab: R
g=u,c R 10-2 i‘ ............. . jetS W*jet ______
S
e | | e
LHeC TDR, S 1w0dp——"" L T
J.Phys. G39, L P —
075001 (2012) & 10 L .
3 s
© -5 1 .
. U 10 .....
yp collider: . L
e—beam 70 GeV 10 K/A=OEO4TeV """
Y: 80% of e-energy 107 R
20 40 60 80 100 120 140 160 180 200

Linte=10 fb-! (update for 100 fb-1?)
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Single Top Quark Production: NC

[TeV 1]
0.035 B 95% C.L.
i 90% C.L.
i 68% C.L.
P 0.03 -

0.025 — 10 fb—l
=—ge Y Qq qta“’” (fo4 + hqvs)qAu + hec.

p—— 0.02

0.015 |-

LHeC CDR, :
J.Phys. G39, :
075001 (2012) 0.01 [

; accuracy of
el order 102

i 1 1 1 I 1 11 1 I 1 1 1 1 I 1 1 11 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Ku/ /N [Tev-1]
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FCNC Top

Top Quark Physics

Couplings at Colliders

1 95% C.L.
— F
3 -
2 .
0.8~ H1
0.6
\— ZEUS
| Yy
=TT sl L3
[ CDF | e DO
0.2 — .
O-IIIIIIIEI%////%
0 0.1 0.2 0.3 0.4 0.5
I, |

dimensionless coupling (A=m;) tuy

- Christian Schwanenberger - LHeC Physics Meeting
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FCNC Top Couplings at Colliders

1 95% C.L.
—~n F ZEUS
>3 s L3
- 7 2 R SO I ° 1
107 S 24 fb-1, 7 TeV _%////
: o 51b1, 7 TeV +
i = 201fb,8TeV %/
102 %
- 1 1 L1 111 II 1 1 L0 0111 II E /%
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 e L
— = CDF ’\‘ _._._.-.-Q Q

5fb-1,7 TeV +

20 fb-1, 8 TeV

ATLAS: 300 fb'i
102 Vs=14TeV i /

107 1072 10"

-
Q
| |||||III|

@ 2.1 fb, 7 TeV .W////

§\
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FCNC Top Couplings at Colliders

Top Quark Working Group o
Collaboration, 1 95 /O C-L-

arXiv:1311.2028 [hep-ph] ___ =
lsj - ZEUS

5fb-1,7 TeV +

10 @ 2.1fb1,7 TeV .W////

20 fb-1, 8 TeV

ATLAS: 300 fb-1:
102 Vs=14TeV /
- ilp /

- "o ;

i 500 fb-" i
Vs=250 GeV /%//

10-3 ] ] IIIIIII ] IIIIIII :

107 1072 10"
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FCNC Top Couplings at Colliders

95% C.L.

@ 2.1 fb1, 7 TeV %///
5 b1, 7 TeV + /
= 2017, 8Tev E %

ATLAS: 300 fb-'!
102 Vs=14TeV | /
e /

"o

500 b1 :
Vs= 250 GeV //.%f//

- 1 1 | I | IIIII 1 | I | IIIII
1073
107 1072 10"

-
Q
| |||||III|
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FCNC Top Couplings at Colliders

: 95% C.L.
_IEI, B ZEdS
= Fgpe
¥ 1
1015_ 321fb,7Tev
- 5fb1,7 TeV +
B -} 20 fb-1, 8 TeV
§ ATLAS: 300 fb-':
102 |~ Vs=14 TeV :
- LH.C
- ilp
- 100 fb-! o
i 500 fb-1
Vs= 250 GeV
- 1 1 1 1 111 II 1 1 1 111 II
107
103 1072 10"

— test SUSY, little Higgs, technicolor... IKtuyI
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Summary of Top Quark Properties

property E. (GeV) Line (fb~1) SM value precision
t: CC unpol. 140 100 6 pb N«=600,000
t: CC 80% pol. 140 100 10 pb N:=1,000,000
t: NC photoprod. 140 100 0.143 pb N:=14,300
tt: NC DIS 140 100 0.12 pb Nu=12,000
tt: NC photoprod. 140 100 3.2 pb Nt=320,000
top PDF 60 10 measurable
|Vib| 60 100 1 0.005
fyL 60 100 1 0.001-0.01
fvR, frt, fR 60 100 0 0.01-0.1
polarisation Py Vs=1.6 TeV 20 0.96 0(10%)
frLt, fiR from pol.| +/s=1.6 TeV 20 0 0.01-0.09
EDM: K / Kz 60 100 0/0 0.20-0.28/0.6-0.8
MDM: k / kz 60 100 0/0 0.05-0.09/0.9-1.3
FCNC: Ku / Kc 70 (Yp) 10 0/0 0(0.002)/0(0.004)
heavy T(400 GeV) 60 100 BSM: 13.3 fb Nt-wb=9
heavy T(800 GeV) 60 100 BSM: 0.0047 fb NT-wb=0.3

MANCHESTER Top Quark Physics - Christian Schwanenberger - LHeC Physics Meeting R SR 9 SOCIETY
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Conclusions

e future ep collider has a rich analysis programme for
top quarks

e study top at ep collider for the first time

e high precision measurements top quark couplings to gauge
bosons (mainly |Vw|, Wtb, tty, ttZ)

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

e many stringent searches for new physics:

anomalous couplings, FCNC, heavy top,
H* bosons, SUSY, technicolor, ...

— all studies worth for yellow paper
(update to same lumi and beam energies?)

— add more studies for long term paper
— detector simulation for long term paper
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Search for Anomalous Wtbh Couplings

g8 u ! _ Dutta, Goyal, Kumar,
L=——/:by‘)th@L R)th Mellado, arXiv:1307.1688
= 1 in SM L
— 10 _
: v - QV@L R)tW +hec.
© \/ : \/5 M 3 (o)
-‘ i v 68% C.L.
"W owe,
| _ < j P
b t b
b LHC combination preliminary
\s=7TeV, L_=35pb"-2.2fb"
n P
syst. error syst. error syst. error
2 1
15 | 08 r
o K=
v 05| { v oo |
| | 0 L u 0 -
X .l 12 o2t
qz 0.5 o |
1 ] -06 f
15+ -0.8
2 -1
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Search for Anomalous Wtbh Couplings

=1 in SM

1.5

0.5

£ x 10!
[}

Top Quark Ph

05 0
Vel A £ x 107

L

-1.5

-1

-0.5

0 05 1
IVl A £5 x 10

1.5

- Christian Schwanenberger -

5 x 10"
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-2.5
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Direct Measurement of |Vip|

- vV Vtb direct measurements . ,
€ e November 2012
CMS Wt L 1.01 18 12 133} >0.79 @ 95 % CU
(L=12M")
ATLASW! o, 1.03 18 }'“, %0 8}
(L=10m"
CMS8TeV gl 0.96+0.08+0.02 >0.81 @ 95 % CL
(L=50Mm")
CMs7Tev o 1.02£0.05£0.02 >0.92 @ 95 % CU
P (L=12m")
ATLAS 8Tev g 1.04%0.10£0.02 >0.80 @ 95 % CL
(L=581")
ATLAS 7Tev | g ,1.1310.1410.02 >0.75 @ 95 % CL
(L=10m")
Vekm =\ Veg Vs Vi 0o o 11230134005 >0.79 @ 95 % CL
(L=541")
\vfd Vis Vo ) cor e 0.92133940.05 >0.78 @ 95 % CL

LHeCc X 1.000%+0.005
(100fb)|  (expected)
| | ! !

0.5 1 1.5 2 25 3
Vtb

— high precision measurement
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Search for FCNC in Top Quark Decays

excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
Bz = Vicz = Bz = Ky, = 0

DO, L = 4.1 fb"

YIIIII 40 2 A AL A LI SIS LY A LI A Y,

L TR 00 D s d A 10
. 0.3 0.4 0.5

K|

world’s best limit S5
(5.0 fb1) Z—

arXiv:1208.0957 [hep-ex]
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http://arxiv.org/abs/1206.0257
http://arxiv.org/abs/1206.0257

Search for FCNC in Top Quark Decays

ZEUS

g 1 |l l 1 1] S L I Ll 1 ] I 1] L L )
& - N e ZEUS 0.5 fb"' N
- '$ - H1t— uy -
i N CDFt— u(cly,u(c)Z
- €x, N ' -
i °luaed b N — — DOt — u(c)Z I
y ZEUs § ------- ALEPH t — u(c)y,u(c)Z
SNNN

YNSRI NN W \\\\.’\\\\\\\\\\.\.\\x\\\\\\\\\\ o
i S —" S——" \}}:-\}.}L\}A}-\_

AR

NEN

NN

2 1 1 1 L | ! |§ :l\ 1 [ N |
10r1 0° 102 10

Brw
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Search for FCNC in Top Quark Decays

ﬁ 1 i | | lllllll I I lllllll I I llﬂllll I I lllllll 1 1 lllllg
: (Q=u), m =175 GeV 950/0 C-L :
f;' - ZEUS wummes N EXCLUDED REGION -
DELPHI n.i7s6ev
-1 ™ —
et 10 = =
E é CDF m,=175 GeV =
m | DO m-175Gov —
1072 = ATLAS .50 —
-3 - —
10 ; CMS r-i725Gev g
4 CMS —
10 = Preliminary =
— m,«172.5 GeV H1 =
: (q=u) (q=c) q=u), m =175 GoV :
10'5 l | | lllllll | | lllllll | L1 1 llll L 1 lllllll 1 L Ll
5 -4 -3 -2 -1
10 10 10 10 10 1
BR(t — qy)
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Backup EWK
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Deep Inelastic Scattering

Neutral Current (NC) Charged Current (CC)
e =] e \Y
T A s S

k i Sy k’ k S ___-—-" k’
07 == (k-k')° L Q7= (k")
.2 w

—

== p remnant = p remnant

—~ " .
). four-momentum transfer 1 fractional momentum of

spatial resolution ~ 1 / @ the struck quark

THE ROYAL
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Deep Inelastic Scattering

Neutral Current (NC) Charged Current (CC)
e e e 8.
PR i T
0" == (k-k")° Q° =-(k-k)°

1z w

——

= premnant == = p remnant

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

THE ROYAL
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NC Cross Section Measurement

x=0.005 LHeC x=0.05 LHeC

Neutral Current (NC)

0,(x,Q%)
L ]
[ ]

—, . 0.1 0.1¢

2 912 I
Q =—(k-k’) 001

' loz At aadial i Al n..ln?f Ad i ...ln:lw 102 Al .ul.nm P lo‘ lw lw
> e 0,(¢ P=-0.9) Q/GeV* o,(¢ ,P=-0.9) Q/GeV
) x=0.20 LHeC x=0.6 LHeC

001 3

g ces 't stat errors

01 01

e ® © o 0 ‘*4

\
]
— -

0.01 001}

102 A .....l..loJ i .....{lo‘ A .....i.los i .....]...(l)‘ 102 A .....1..I0’ " .““l..‘lo‘ A .....i.lo’ A ..“.]...lo‘
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)

— Sy

= p remnant

== p remnant

= JL xial coupling, I3=+ oru, - or = =
a, =13 wxdcouing vz foru v2ferd - G o simulated NC and CC data to extract
v, =15 —2e, sin" 0, Vector coupling du, ad, Vu, Vd and PDFs simultaneously

THE ROYAL
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Vector and Axial Vector NC Couplings

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

HERA+LHeC fit HERA+LHeC fit

S LI L L B ©-0.25 T [T T T [ rrr [ rrr
> 0.26[ 12 ‘
"I  LHeC scenarios: N " LHeC scenarios: ]
— B _ . B _
0.24 - c . 0.3 c —
o D 7 i D ]
0220 o E | :  mmeE :
0.2 (@) 1 03sf Q ]
0.18F = i )
0.16 :_ * SM —: 0.4r * SM
0.14 -_I | | | | | I | I | | | | I | I_- i 1 | I | 1 | I | 1 | I | . | I | ]

0.4 0.45 0.5 0.55 0.6 -0.8 -0.6 -0.4 -0.2
au ad

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

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

significant improvements for higher luminosity and FCC-HE

:o.gLIIll'lillllllllllll'llll’llllIlllll'llll'lllllllli- he] .lll'lllllllllll'lllllll'll‘A!“l

> - . > .
- 1 04 "
08F = LHeC & H1prel(94-07) - [ | HeC ~ & Hiprel(94-07)
0.7F 68% CL [ = | ZEUS prel (94-06)- 021" gg%cL | = | zEUS prel (94-06) |
0.6 |- ceeso LEPEWWG - 0 7
0.5 - proton e +-: 02k -
E -._".. q 70 e 5 : :
0.4 e, - - 1
q e'E '0‘4'._ ]
0.3F . [ ]
: 5 061 E
0.2 = - :
: : 0.8} -
0.1 - [ |
: ] - LEP EWWG
o _ % Standard Mo - -1 ': * Standard Model ~

: : i Do
)% .2 WY PP IR P PP PP P PR T P _12'. NP B BRI BRI BT EPEPEPE EPEPEPE B

0 01 02 03 04 05 06 07 08 09 1 “4 08 -06 -04 -02 0 02 04

a a
u d

— high precision measurement
— test new physics: Z’ boson, R-parity violating SUSY, leptoquarks
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Asymmetry Measurements

4 4 -
AT — onc(Pr) — one(PrL) +  Onc
~ ot o(Pr) oo (PL) =1z
OnNc\F'R) T ONnc\LL Oco
E4.85""|""|""|'-'- 916.6""1""1""1"
o _ D n
A_ S 10 fb 1 B i O
§ i ﬁ | MSTWO08
) s il . i
APTYE % ] ebeam: mg,! - ]
[ 60 GeV -
475 % . 162 | . .
_ | mean x differs by factor |
{1 of 6 between NC and CC } ]
47+ . 16 .
: : CTEQ6LL
stat errors
460028 0229 023 0231 0232 158,28 0220 023 0231 0232
P=+-0.8 10fb" sin’® P=-0.8, all Q’ sin’®
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Asymmetry Measurements

- + -+
A:I: _ UNC(PR)_GNC(PL) R:l: . ONC
vo(Pr) +05o(PrL) - o%
OnNc\F'R) T ONnc\LL Oco
E4.85""|""|""|'-'- 916.6""1""1""1"
S | 10 fb-1 % : .
§ i ﬁ | MSTWO8 ]
< 48l % 1 e beam: &i,,| 0 i
extract | | 60 GeV 5
sinZ0w : % ' _
(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
465228 0229 023 0231 0232 158228 0229 023 0231 0232
P=+-0.8 10fb" sin’® P=-0.8, all Q° sin’®
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Scale Dependence of sinZ0w

0.245 —rrrrrrrr—r—rrree rrr
: NuTeV FCC-he :
. Qw(e) ]
R I :
- APV -
0.235 |- Qu ( ) -
0.23 —
0.225 —
PRI BRI BRI BRI I BT BRI rre BT

0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Q [GeV]

— probe large range of scale dependence
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