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Layout & Civil Engineering

Independent FCC-he
PointL, F, H or B

[ C. Cook @ FCC week in Rome ]

LHeC / FCC-he
LHC P8 & FCC PB

ep Collider Design

Slide based on [Oliver Brining, FCC week 2017 in Berlin, “FCC-eh Configuration and Performance” ]

Electron Beam
60 GeV acceleration with Recirculating Linacs:
Animation from [ A. Bogacz (JLab) @ ERL’15 ]

Spreader Recombiner 38 Injector

F Compensation Linacl

+ Doglegs + Doglegs
+ Matching 96m + Matching 120m
42m Arc2,4,6

Recombiner 38m Dump Proton beam

+ Matching 20m  Spreader f Bypass

Linac2

Three accelerating passes through each of the two 10 GeV linacs
(efficient use of LINAC installation!)
-> 60 GeV beam energy
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Introduction

* ep collider is ideal to study common features of electrons and quarks with
- EW / VBF production, LQ, multi-jet final states, forward objects

* Differences and complementarities with pp colliders

v' Some promising aspects:

- small background due to absence of QCD interaction between e and p
-> very low pileup

X Some difficulties:
- low production rate for NP processes due to small /s

Aim of this talk:

—> report on most recent studies and progress
—> brief overview of previously finalized studies
—> encourage future studies and synergies
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Outline

* Indirect impact from improved PDF

* Direct Searches

¢ BSM Higgs: invisible decay;

¢+ RPC susy:

H->4b, H->multi-j, H*, H**

DM, sleptons

¢ Anomalous gauge couplings: , VVVWV

*|Leptoquarks

¢ \/ector boson

¢ BSM in the tOp Sector: see [Christian Schwanenberger’s talk “Top physics in ep” ]
¢ Sterile neutrinos & more Iong-lived particles: see [Oliver Fischer’s talk “Heavy neutrino discovery prospects at FCC”]

* QOutlook & Summary

More details, see [ https://twiki.cern.ch/twiki/bin/viewauth/LHeC/L HeCFCCehBSM ]

& RPV SUSY squarks: (limits, quantum # & couplings)
¢ Contact interactions: eeqq (very heavy LQ, compositeness)

scattering
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Indirect Impact

Indirect Impact on BSM from Improved PDF

see [Claire Gwenlan’s talk “PDFs at the FCC-eh” ]

Example: gluon-gluon initiated processes

—> large uncertainties in high-x PDFs limit searches for
new physics at high scales

- many interesting processes at LHC are gluon-gluon
Initiated: top, Higgs, ... and BSM processes, such as
gluino pair production

<x>~04
» Gluino Pair Production PD
— CT14
25l| — MMHT14
NNPDF30
20t — HERA20
— ABMI11

1.5r

— LHEC

1.0

olo MMHT14

0.5r

- Christoph Borschensky
Michael Kramer
-ost [arXiv:1211.5102]

LHC (14 TeV)

0.0

-1 2.0

At HL-LHC,

~ 40-50% uncertainties on the gluon-
gluon initiated gluino production cross
section in high-x region .

At FCC-hh,

Similar x range for sensitive region

=> reducing PDF uncertainties by ep can
be crucial to improve the pp BSM limits.

No doubts that having an e-p machine running in

parallel with p-p will be very important. 5 /23



BSM Higgs

» Higgs invisible decays
% h > invisible, see [Uta Klein’s talk “Higgs SM Couplings at FCC-ep” ]

» Higgs exotic decays
« h =070 = (3/)(3)) in RPV SUSY
% h > 2¢ — (bb)(bb) [s.Liu, Y. Tang, C. Zhang, S. Zhu, 1608.08458 ]

» Charged Higgs
< HTE, in Vector Boson Scattering
[H. Sun, X. Luo, W. Wei and T. Liu, Phys. Rev. D 96, 095003 (2017) ]

X Hi, In Vector Boson Scattering
[Georges Azuelos, Hao Sun, and Kechen Wang, 1712.07505 ]

= H*,in 2HDM type Ill, p e~ - vjH* > vj (cb),

[J. Hernandez-Sanchez, etc. 1612.06316] 6 /23



Higgs Exotic Decays

h - %] %) - (3j)(3j) in RPV SUSY
» Neutralino might decay in 3 jets (UDD terms)

Some estimates:

Nexo = LX 03 X BR(h = 72 %9) X [BRES ijii)?

In 1 ab, 0;,=1008 fb (CC with P=-80%),

assuming BR(h - %3 %) = 10%, P
Neyp = 108000 X [BR(® =jjj)]2 ~ 1000 with 1 ab!

- if BR(% =jjj ) ~ 10%, good potential at FCC-eh

h-2¢p - (bE) (bb) [s. Liu,Y. Tang, C. Zhang, S. Zhu, 1608.08458 ]

Introducing a new real scalar ¢ with effective interaction
—"::E ff = )'kh vh“fﬁg + }\b ¢bb + £¢} decay,other

Final state: 1 fwd | + 4 b + MET
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Higgs Exotic Decays

h > 2¢ — (bb)(bb) [s.Liu,Y. Tang, C. Zhang, S. Zhu, 1608.08458 |

Cut-based Analysis @ parton-level

C% = k% x Br(h — ¢¢) x Br®(¢ — bb)

lab~', B-tagging and mistagging rates vary.

(A) €p = 700”ﬂ €c = 10(701 €q.u,ds — 1% - A-95% CLs - =50 |1

L (B) e = T0%, €0 = 20%, €guas =1% | — B-95% CLs - -
(C) e =60%, e = 10%, €guas =1% | —  C-959% CLs = .
1o ) e, = 60%, . = 20%, €gu.d.0 = 1% D-95% CLs o )

€, € b-tagging efficiency
€c,guds < fake rate of j->b LHeC
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LHeC, with 1 ab?,
=>m, =20 ~ 60 GeV, Ci <3x1073 @ 95% C.L.

(DE(ESU)’ SEh’—I—x
N5l V2
h
h

¢\ _ [(cosa —sina
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0.0 -
—1.000 —0.995 —0.990 —0.985 —0.980

- Analysis @ FCC-eh in progress
- Much better limits expected.
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Higgs Exotic Decays

h — 2¢ - (bb)(bb) [utaKiein, Michael o'Keefe ]
MVA-BDT Analysis @ FCC-eh, detector level

—+—-h—-oaa —4b
200 & t + multijets

180:_ W, Z, h+jetS
160
140
120
100

Events

+HH v
to4

BDT>0

_LII|||||l|||||||II||||||I|||||||III

140 150

Z = \/2 [{S-I-B]Iu(l -I—%) —.5']

Significances after BDT > 0.

P.=-80%, L=1000 fb* M, (GeV)
20 60
BR (%) o(fb) Ao (b) Z o(fb) Ao () Z
0.2 0.03 002 114 0.03 003 117
0.4 0.05 002 227 0.07 003 233
0.6 0.08 0.02 3.37 0.10 0.03 347
0.8 0.10 002 446 0.13 003 459
1 0.13 0.03 554 0.17 003 &7
Precisions:

BR ~ 1% for 1000 fb-!
BR ~ 10% for 100 fb! (within 1 year)

9/23



H**, H* in Vector Boson Scattering

Theoretical Motivation of Georgi-Machacek Model: Scalar sector of the GM model:

> No fundamental reason for a minimal Higgs sector => important complex isospin doublet (¢*, ¢°)
to extending scalar sector with higher isospoin multiplets with hypercharge Y=1,;

- Might generate a Majorana mass for neutrinos via the type-I| real triplet (§*, ¢°, &7) with Y=0;
seesaw mechanism complex triplet (y**, x*, x°) with Y = 2;

—> It preserves the custodial SU(2). symmetry at tree level =>

keeping the EW p parameter ~ 1 => less constrained

: Signatures of the five-plet in GM model:
experimentally

[H. Logan, M. Zaro, LHCHXSWG-2015-001]

2

V2 = chp n 8vi Physical fields under the custodial SU(2) symmetry ‘ ..............................

_ 2V2 vy 5 - plet |_|0 : ¢ Have a common mass M(H,);
sinfy = . > : # Do not couple to fermions;
Vo : ¢ Tree-level H;VV interaction;
cos Oy = - 3 - plet H;, Hg1 H:Q, : ¢ Production via VBF;
mixing : 6, :

: => g(VBF - H5) oC Sin29H; :

singlet H_’ -H : ¢ BR(HZ > W*Z) ~100%;:
. ]3R(H5ii - WiWi) ~ 100 % ,

‘ Mixing . o - . o 2 free pars. M(Hy), sinfy .

. 0 1 Mimsssssssssssssssssssssssssssssssssssssssssssassasssansd ;
singlet H, - h == 125GeV Higgs 10/23




Indirect Impact BSM Higgs Other Direct Searches Summary

H** in Vector Boson Scattering

Signal via WW-fusion in the GM model [H. Sun, X. Luo, W. Wei and T. Liu, Phys. Rev. D 96, 095003 (2017) ]
pe” = jve (Hs > W™ W7) > jve (W™ v ) (U™ V) 7
i . i - - : e ; I I e I ur; o ; —e. |
Final state: >1j+2 u~ + MET LHC limit from dof SOTeV ® 60GeV unpol. FOC-ch i 1
[ Phys. Rev. D 90, 115025 (2014) ] o =10-CC-€h, unpol.!
0.5} 1 7
q:m 0.4 |
CMS H** limit from 03t
CMS PAS SMP-17-004 -
[ ] 0.2'f el 021
0.1 [, . . \ \ i . L L . h . . . L L . . " L 1]
200 300 400 500 600
MHS
Cut-and-count analysis @ detector-level [S0TeV @ 60GeV pol FCC-en |
o6bL =1 ab ™ 1 -
Basic cut £, >10GeV ».--0s FCC-eh, pol. |
p' . >10GeV 5 oye —10%
m'|<5, In'|< 2.5, o7
AR, >0.4,AR, >0.4, AR, >0.4 :
cél: 0.4
Basic selection ET + zu'+ > 1jet(5) = .
Optimized AD™ € (-x,-1.28) or (1.36,7) ozl 018
AR Mt >75GeV : '
M-l/;;u >4OGeV 0-12(;0 I . I . 30IO l I I . 400 . . . . SOIO I . I . 60IO

M
Hs



H?* in Vector Boson Scattering

Signal:
Production of HZ & Hz in the GM Model
- Finalstate: 1 e +1j+1Z(->IF)+1W(->j));l=e, &.

SM Background
Bl.pe>jeZV,V 2|
B2:pe >je Zj, jets from QCD radiation

[Georges Azuelos, Hao Sun, and Kechen Wang, 1712.07505 |

Signal production cross section
pe >je HF, (Hf > Zwt)

o(pe—je Hy)x BF{(I—§—> W= Z) [fb]
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H?* in Vector Boson Scattering
- MVA-BDT analysis @ detector-level

Limits for HF Search

- 10% systematic uncertainty on background included

[arXiv:1709.05822 ]
[Phys.Rev.Lett. 119 (2017) ] 359fb! @ 13 TeV

15.2fbl @ 13 TeV

T l T
P(e') =0
Lum.=1 ab?

—
--------------------------- CMS H'95% CL
——————— CMS H™ 95% CL
5-¢, FCC-eh
3-0, FCC-eh
2-0, FCC-eh

600 800 1000

M. [GeV]

400

Al
10500

- sin 6y < 0.15 @ 2-0, for 600 GeV
- Compared with present CMS limits, FCC-eh limits
are much stronger around 500 GeV. 13/23




H* in 2HDM type Il
[J. Hernandez-Sanchez, etc. 1612.06316]

Charge current production processes p ¢ — VjH+ — VJ (CE)

Parameters for a few optimistic benchmark Significances with 100 fb™* @ parton level
points in the 2HDM-IIl as a 2HDM-I, -1l and -Y
configuration. (Here, e, = 0.50,e.= 0.Land e; = 0.01, where j = u,d,s,g)
2HDM | X | Y | Z ||m-- 110GeV | S | B[S =SB
cb_[bls.cb la(X=57Y=5) |243438351| /3.9\
la- |5 | 51 5 109 /973 lb(X=5Y=5) [2495][38351] [ 40
Ib 5 | 5 | 5 | 099 [/99.80
la 32 | 05 | 32 | 0.99 || 92.00] IH(X=32,Y=05) | 230 |3835.1 | 3.7 |
Ya |32 [05][05]099 [\75.12 Y(X=32,Y=05)]187.8]3835.1| \30/

- H* of the 2HDM-III with mass 110 GeV would be observed with ~ 3—4 o significance @ LHeC with 100 fb!
- Challenging at pp due to large background for multi-jet final state
- Good discovery potential at FCC-eh
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Current LHC limits on SUSY DM:

Slepton is heavy [arX|v 1509.07152]:

Other Direct Searches

R-Parity Conserving SUSY

I
XXy

——0

KXz

N

0

o
T[T T T T [ TT T[T TTT[TTTT[]1
RARRNRRRRNRRRR |

Q

a
o
TTTE

May 201 7 ATLAS F’rellmlnary Vs=8,13 TeV, 20.3-36.1 fb™'
T T T T T T T

LI B S s s B O LA
- = = . Expected limits
Observed limits — |

All limits at 95% CL

‘POO 150 200 250 300 350 400 450 500 550 600

m( X, i ) [GeV]

Current LHC limits on SUSY sleptons
Direct slepton pair Qyoductlon [ATLAS-CONF-2017-039]

TRl X

;‘ 450 T T T T T T T

& 400 ATLAS Prellmlnary
Fod Vs=13 TeV, 36.1 fb™

£ 350

300
250
200
150
100

AY

IIIINHI|HII|HII|IHI|IIII‘IIII‘IIII

’/
ATLAS 8 TeV arXiv:1403.5294

Vo Ee
||||‘||||‘|\||||\||||\|||||\||||||‘||||‘||||

I R A P
100 200 300 400 500 600

m: [GeV]

Complementary at ep:
(a) Compressed Scenarios:

- decay products are very soft, challenging @ pp

- fwd j/e, low bkg, feasible @ ep

(b) Light sleptons:
—> can be motivited by the "muon g-2"

- DM production can be enhanced by the slepton decays.

Signal scenarios:
Bino: M
Wino: M

>

~M)~(vg: 5( + 1 GeV

=<1
R4+ RO

(1) Slepton slightly heavier (light
slepton case)
Slepton: My, = M)ﬁ_r + 35 GeV

Sneutrino: My ~ My, — 9 GeV

(2) Slepton & Sneutrino heavy
and decoupled (heavy slepton
case)
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R-Parity Conserving SUSY

Dark matter via kinematical observables
Preliminary results from [Kechen Wang, Sho lwamoto, Monica D’Onofrio, Georges Azuelos]

Indirect Impact BSM Higgs

MVA-BDT analysis @ detector-level

Example input observables

' Eo-maisi'g'n'ai‘ o ] 5 : ]
X o 0.014 | Background 4& N -
~ ny 1s —— r ]
— 0.012 Jar = r 7
o = 1= =3 0.4 — ]
‘ Z o.01f FCC-eh_ 15 = : ]
a Z0.008) m(charginol) =500 GeV 13 = o3 E
- N 1 r b
0.006 | ;z o2F =
. . 0.004 1e - ]
Production cross sections 0.002 13 o1 g
i - ]
— 2 1S Ty
Q2 107 ' T f E 0 100 200 300 400 500 i o 1 =2 3 a4 5
_— = FCC-eh —=— light 3 Er [GeV] "1(91)
- i P(e)=0 —«— heavy 1
10 E
] 3 i‘Signa'I(lesléarﬁplel) b S‘ign‘al(irainin‘gsa‘amble)‘ S %)_0045 I B =
N = H Background (test sample) - Background (training sample) | S E
_ 5 s5-— 4 — 0.004 .
= — _Kolmogorov-Smirnov test: signal (background) probability = 0.272 (0.336) n = E
] € . i b.0035 E
. s 34 20.0025 E
& ~ ;| To.002 E
o ] 2 L = 0.0015 =
°10500 300 400 500 600 £ 7 ) EH 3
-7 13 0.0005 =
M_. [GeV] I 8 o 2o ]
1 X, Py o T 5 o 500 1000 1500 2000 2500
BDT response M(e1+l1) [GeV]
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Other Direct Searches

R-Parity Conserving SUSY

Dark matter via kinematical observables

Preliminary results from [Kechen Wang, Sho Ilwamoto, Monica D’Onofrio, Georges Azuelos]

Limits on DM mass

Complementary between ep and pp

10?

significance
o
ITT \I

M. o [GeV]

1’%2

Lum.=1ab' FCC-eh —=— light7 g
Pe)=0 ]
[ \\ 7]
-
T~
300 300 400 500 600

May 2017 ATLAS Preliminary Vs=8,13 TeV, 20.3-36.1 fb™’
; _I T T | LI I L | T TT | T T1TT | T T1TT | L ‘ T T ‘ T 1T | TRT T I_
o)) - XXy via WW 21, arXiv:1403.5294 - - - . Expected Iim*s 4
O, 300[— —— Observed limjts ]
—_ Vv , arXiv:1403.5294 N
o - 1Kz cL ]
>3 B i
— 250— —
S B ]
200— / _ ]
150— ]
100(— —

50 i

1

| ] :

1 | L1 1 | T T T e T | 11 1 | 11 1 || 1 181 1 ‘ 11 1 ‘ | r 1 | 1Bl

00 150 200 250 300 350 400 450 500 550 600

1 ab!l @ FCC-eh:;

m( %, %, ) [GeV]

> 560 GeV @ 2-0
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Other Direct Searches

R-Parity Conserving SUSY

DM & Sleptons via disappearing tracks Higgsino:

Long-lived charged particles (LLCP) with cr >~ 10 mm disappearing tracks + soft pion (from chargino decay)
see [Kaustubh Deshpande’s talk “LLPs at FCC” ]

Other scenarios at ECC-eh: [David Curtin, Kaustubh Deshpande, Oliver Fischer, Jose Zurita, 1712.07135 ]

Preliminary results from [Kechen Wang, Sho Iwamoto, Monica D’Onofrio, Georges Azuelos]

Simple efficiency analysis

- Requiring minimal detection length | i,
- Charginos (Wino) with selectron

- Cross section enhanced
with “3-body production”

Wino CoLSP@FCChe
10k
FCC-eh
6_ > >

D n
%
q —o— Imin=10mm
<>

Imin=30mm

0.100} 1 ab!l @ FCC-eh:
--------------------------------- L - cr > 100 mm
Omo________________________________________;____ _ ~ 40 events for 600 GeV

q > q —| ~ 10 events for 750 GeV
Wnt discovery potential

xs[fb]

0.001 :
300 350 400 450 500 550 600

—> More scenarios are in progress. mass[GeV]

With no polarization;
Mey, = Mo + 9 GeV 18 /23



Other Direct Searches

Leptoquarks

Limits of Leptoquarks (increased interest in LQ due to recent B anomalies)

(_Ij (|}\‘|||b|0|3||Lh|C|||1|7|\l)||!|||||||||||||| - N
<KX & - usua ........................................ ep Colllder Sensr“ve to }\‘ < 003

lHec!  / Sensitivity @ HL-LHC ~ 2.9 TeV
| ] | | ‘ - Close to the reach for FCC-eh

LHeC / FCC-eh offer opportunity to evaluate quantum
numbers & couplings (fermion number, spin, couple

N ..... .......... ..................... ..................... .................. 1 chirally, ...)
I 5 TN OO em—— — | If deviations are confirmed by the end of HL-LHC,
J[ FCC-hh will see them, and FCC-eh can characterize
. | | | | | ii | those signals !
1070 500 1000 1500 2000 2500 éiooo 3500
\Z
MLQ 3000/fb @ 14 TeV ~ 2.9 TeV reach

(use http://collider-reach.web.cern.ch)

Contact interaction eeqq (very heavy LQ, compositeness)
Reach for N @ FCC-eh with 2 ab' - VV: ~290 TeV; LL: ~160 TeV
[LHeC results: see CDR 2012] 19/23
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Other Direct Searches

Anomalous Gauge Couplings

Triple Gauge Couplings (WWV, V =y, 2)

[A. Senol, O. Cakir, I. Turk Cakir]

€p—>VEQZX forz 2l (=6 p) Sensitivities to anomalous couplings %, ~ 103

Analysis of the signal & backgrounds
0.6
04 - .
pr——rca-F I
1. _.__._r‘ . g 02 - ]
e | i“_'l "'u"f N
v : £ o :
] b 1 E 3 i
02 - .
—— — 1 04 - 10f"  100f™ FCC-eh 1
| NG f S r P(e)=-0.8
' , At . 06 ‘ ‘ ‘
—— 1 i
L ek -0.01 -0.005 0 0.005 0.01
N |
|t == 7 ~7 z
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Other Direct Searches

Anomalous Gauge Couplings

Triple Gauge Couplings (WWV, V =v, 2)

[R. Li, X. Shen, K. Wang, T. Xu, L. Zhang and G. Zhu, 1711.05607 ]

Processpe™ - je utv

s R 3
o o4 FTTTTTTT o[, 07
S|g0.12F Ay a 5| 80.
e —A=01 Ak, =0 -5
- — A=+ 0.06f
01 | oy i

: 0.05F
0.08f -

- 0.04
0.06} -

i 0.03F =
0.04 E Af{—-},—o ]
- 0.02F =
0.025= 0.01- E
Chlll\l\ ol b b b b L b b b 101
05 1 1.5 2 25 3 -1 0.8-06-04-02 0 02 04 06 08 1

Ad, cosh,

A¢.; -- azimuthal angle difference between scattered

beam electron and jet
6w -- angle between decay product u™ in the W rest

frame and the W direction in the collision rest frame

Limits via shape analysis by constructing x? from all bins

Ak,

0.207¢ v v -

' —__ LHeC(E,=60 GeV)
—__LHC ]
— LEP

0.05¢
0.00 ¢}
-0.05¢

oMmo— . e, . . . . ]
-0.10 -0.05 0.00 0.05 0.10

- Sensitivity ~ 102 @ LHeC with 2-3 ab!
—> Better sensitivity @ FCC-eh, in progress
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Summary and Complementary between ep and pp

From [Georges Azuelos and Monica D’Onofrio ]

Compositeness « 4-fermion EFT: Lepton-quark compositeness scale
* Quark radius

Leptoguarksjand RPV squark decay » Accessible range largely excluded, but not completely
» Better measure of LQ characteristics, if they exist

Anomalous Triple Gauge Couplings « Comparable to LHC

'@CNC cou@  tuy,tcy, tuH couplings
Vector-like leptons, heavy/excited leptons, bileptons, * No constraints on VLL, so far, at LHC
higher isospin lepton multiplets « Extend sensitivity to ey for lower masses

eavy neutrinos, Majorana neutrinos, sterile neutri » Symmetry-protected see-saw model

SUSY EW: sleptons, Higgsino, (dark sector) « kinematical observables for compressed scenario
» Long-lived neutral particles
» Disppearing tracks

Anomalous Quartic Gauge Couplings  Better control on background:
no gluon exchange diagrams (mostly FCC?)

Extended Higgs sector: higher isospin multiplet  Singly- and doubly- charged higgs by VBF (mostly FCC)
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Conclusion & Outlook

* ep offers a variety of opportunities for BSM searches
-> precision measurements, complementary searches;
distinguishing & characterization new physics theories;
-> Can be done in parallel to pp machines (HL-LHC/HE-LHC/FCC-hh) by adding
an electron beam

* Improving pp limits indirectly by improved PDF (@ high and low x)

* Fruitful BSM physics scenarios:
-> Leptoquarks (RPV SUSY), Contact interactions, Anomalous gauge couplings,
Vector boson scattering, BSM top physics, RPC SUSY, BSM Higgs, LLCPs,
Sterile neutrinos...

* Physics potential yet to be fully exploited
- Detector-level studies crucial for next phase
-> You are welcome to join our team !
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Improved PDF Measurements @ LHeC & FCC-eh

xglxg

oxtixd

0.5

ey

2
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1
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ERA
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c ubar

FETTTT AT EETET MR TTTT | M P R R TTITT

1

o sl 4
10® 107 10° 10° 10®* 107 102 107

x

1

- low-x: no current data to constrain x < 104;
better but not much after HL-LHC;

- mid-x: need higher precision for Higgs

—> high-x: very poorly constrained,;
limits searches for new, heavy particles

- FCC-eh: access to much smaller x, larger Q2
—> important for the FCC-hh as it will probe
much lower x regions for standard processes

25



Leptoquarks and B-anomalies
Slide from [Dec. 14, 2017, https://indico.desy.de/indico/event/18276/contribution/1/material/slides/O.pdf ]

. [Buttazzo, AG, Isidori, Marzoccal,
Vector Leptoquark U{L =(3,1,2/3) JHEP 1711 (2017) 044

1 v
Ly = - §U£WU1’“ + MGU] UL + gu(JHUL, + hee.)
Jg' /Bia Qi’)ﬂuLa ——' bT +tv

sobB b vy — a7 [1609.07138] J [Faroughy, AG, F. Kamenik]
’ T T:E’ ,": Phys.Lett. B764 (2017)
e : R 126-134
258 5] o | /  JRecast of the ATLAS di-tau
° : ’ ] search
7 A i pp->Tir;73007
2.0F < ] I ’
Z | a"'
— = |
=) = - >
S 1.5 /g 2| -z
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Leptoquarks (LQs)

—> appear in several extensions to SM:
production s ~ A\%g(z)

—> can be scalar or vector, with fermion
number O (e-gbar) or 2 (e q)

At the p-p

E:')% -.rl)_-_ : ik q_-h:-"”‘-._ \ 1 e
ﬁiﬂﬂ"'.f-_ . Lo ﬂ'.a. o RODA .

- S . -

—> mostly pair production (from gg or qq)
-> not sensitive to the LQ-g-I coupling

Leptoquarks

At the e-p

—> both baryon & lepton quantum numbers
—> ideally suited to search for and study
properties of new particles coupling to both
leptons and quarks

LQ

d o d

-> single, resonant production
-> sensitive to LQ-g-I coupling
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Contact Interactions

Contact interaction eeqq

« if new physics enters at higher energy scales: A>> Vs

q q

» such indirect signatures can be seen as effective 4-fermion interaction

VV: all couplings with +ve sign
LL: only LL couplings between g and e

300 Tev

New currents or heavy bosons may produce

indirect effect via new particle exchange Reach for
. . i i A (Cleeqq):
interfering with y/Z fields.

Reach for A

-2 VV: ~290 TeV,; LL: ~160 TeV
[LHeC results: see CDR 2012]

200

A* [TeV]

—> comparable to FCC-hh for

some of the couplings |
- same as HL-LHC vs LHeC
- need more calculations !

o
HERA LHeC LHeC LHeC  FCC-eh HERA LHeC LHeC LHeC  FCC-eh
x10fb? x100fb 2x1abt  2xlab? %10 %100 2x1ab?  2x1ab?

28



Vector Boson Scattering

New resonances possibly relevant for unitarity restoring
- expect below ~ 2-3 TeV
—> look for deviations from SM predictions

Wiz eq—=e (QWZ, (vgQWZ
S - Challenging at p-p (high QCD bkg, pile-up)
? —> Cleaner at FCC-eh

Preliminary results from [Georges Azuelos’s study]

For a 2 TeV resonance m(WZz), background

mizl,w+1)

11_12_..|||||||-|-|||.-|||||||

y F R S,
10 é_ JJJJ‘LI.’ _E L '_J\ -LI-._I_'L

: |
m_EE_,,,,|....f|ﬂﬂjJ7....l..-I---_E e TH"PTMH[[J

algma [ph/bin)
sigma (ph, bin)

3000

(1] i ln o] 1000 I D0 2000 ZR00 000 aQ 'IQIJU 2000 =000
i)
Hrzoch = LI0EZ-1S5Iphl AV = Z0I0EL03 HMS = 1L 1BESL402 = 1.0EE-Diph) AVEG - 447ZE+02 RMSE - & '."EEE 3
Tol # Evis = 90040 Er1rcs = TEOE Urdarze = 0 Dwer T Ir\rl:r = 100nn Entries = 5625 Linde & Cryar

—> low cross section [1402.4431]
-> there is some potential to study
VBS at high mass - low pile-up

- kinematics distinct between signal & background
- cleaner, small background for masses ~ 2TeV
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Anomalous Gauge Couplings

Triple Gauge Couplings (WWV, V =v, Z)
-> Precisely defined in SM

- Parameterize possible new physics contributions to this
vertex (Ak,, 4,)

—> Current constraints (best from LEP) use various assumptions

LEP O] CDF [1Z] DO [I3] ATLAS [10] CM S [l

Axy [0.099, 0.066] [0.460, 0.390] [0.158, 0.255] [0.135, 0.190] [0.210, 0.220]
Ay [0.059, 0.017] [0.180, 0.170] [0.036, 0.044] [0.065, 0.061] [0.048, 0.037]

Table 1: A llowed ranges, at 95% C.L., on the anom alous W W y couplings from the data collected at the LEP,

Tevatron and LHC experim ents. In each case, the m ost restrictive of the reported m easurem ents is taken.

At the ep:

—> can clearly distinguish between CC eventse + p — v, +
jet (W-exchange) and NC events e + p — e + jet (photon or
Z boson exchange)

—> triggering on a final state photon, can provide very clean
bounds on the anomalous TGC's !

e —"—:—"_ Ve single « production@LHeC: 1405.6056, 1406.7696,
Aw FCC-DRAFT-ACC-2016-017;
1

EX|st|ng limits: WW pair production@LEP/LHC: 1302.3415, 1703.06095, 1706.01702;

| aTGC | LEP | CMS,8TeV | ATLAS,8TeV | SM |

Ak, | [-0.099,0.066] | [-0.044,0.063] | [-0.061,0.064] | 0
X, | [-0.059,0.017] | [-0.011,0.011] | [-0.013,0.013] | 0

Table 1: 95% C.L. limits on Ak~ and A, at LEP and LHC. These bounds are from single
parameter fittings. LHC measurement of WW /WZ pair production in semi-leptonic decay

channel with an integrated luminosity of 19 ab~'(CMS) and 20.2 ab~ '(ALTAS) give the
above abounds. arXiv:1302.3415, 1703.06095, 1706.01702
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Triple Gauge Couplings (WWV, V =v, Z) GM model

Using SU(2), xSU(2), covariant forms of the fields:
| 0* g+ VA A
. (I) = ¢ ] ¢0 A= X éo Z+
(@) (b) © ¢ ¢ v & ZO

- .
J‘z J r - < ) - J 3 ) Kl

(d) (e) 0

FIG. 1: Diagrams of e"p — e~ pt 1, j process.

variable " decay, E. = 60 GeV wt decay, E. = 140 GeV
parameter cos B, 1wt Adpej cos B,y Adej SM
Ay — [-0.0074, 0.0062] — [-0.0038, 0.002] | O
Ak, [-0.005, 0.0058] [[-0.0057, 0.0061]|[-0.0032, 0.0029]|[-0.0023, 0.0026]| 0
variable 1~ decay, E. = 60 GeV (1~ decay, E. = 140 GeV
parameter cos B, -y Adej cos 0,y - Adej SM
Ay —_ [-0.011, 0.011] — [-0.0027, 0.0051]| O
Ak, [-0.0078, 0.0078]| [-0.0075, 0.008] | [-0.005, 0.0029] |[-0.0041, 0.0051]| O

TABLE II: The 95% C.L. bound on aTGC A, and Ak, obtained from the kinematic observables
cos B, s+ and Ag,; at LHeC with F, = 60 and 140 GeV. The results listed are from single-
parameter fitting when the other one is fixed to its SM value. The “—" in the table means this

bound is no better than the ones from LEP.



