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AL ILC Physics program @0
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New Physics
ee->ZH top-continuum .
m, 2me tt-threshold  tth-threshold 1 TeV
~machine design 1 /10% cm2s
0.6 0.7 1.0 1.8 38

« All Standard Model particles within reach of ILC
« High precision tests of Standard Model over wide range to detect
onset of New Physics
* Machine settings can be “tailored” for specific processes
» Centre-of-Mass energy
 Beam polarisation

opp = i (1—PP)(oLr+0oRrL) + (P — P)(orL — oLR)]

« “Background free” searches for BSM through beam polarisation
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The ILD concept (oo
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Performance goals:

Return Yoke\

Coil |

ETD Impact parameter:

N \S/ITI'X op < 5@ 10/psin®/20um

Forward components FTD

Track momentum:
(QDO magnet — FCals) —

SET gy /ps =2 X 1075 GeV ™!

Push-pull %8
Valves

Jet energy:

Support tube

HCal

3-4% over
Ecal  total energy range

LumiCal 1

Detector Baseline Design 2013 — Based on full detector simulation
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Vaq) ILD - Transition regions
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M‘ An enigmatic couple (oo

Beciron Neultinge Muon Neutrdno
Moss =0

Backron
ST

L
Up
Moss; 5

Elementary Scalar? Composite object?

- Higgs and top quark are intimately coupled!
Top Yukawa coupling O(1) ! h
=> Top mass important SM Parameter ( )

- New physics by compositeness? Ay Ap
Higgs and top composite objects? p //\ ;
'L

Courtesy of S. Rychkov

- LC perfectly suited to decipher
both particles
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M‘ Top Quark Physics at Electron-Positron Colliders @'
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| SM processes at LC
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- Top quark production through electroweak processes =
no competing QCD production => Small theoretical errors! 102 /h
i} )
< ZIWW
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- High precision measurements 0 200 400 500600  BOO 1000

-Top quark mass at ~ 350 GeV through threshold scan Vs (GeV)
- Polarised beams allow testing chiral structure at ttX vertex
=> Precision on form factors F
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Top Mass Threshold Scan

cross section [pb]

Roman Poschl
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May 2017
T

it threshold - NNNLO Beneke et al.

ISR + ILC Luminosity Spectrum

— default - m{® 171.5 GeV, T, 1.37 GeV
m, variations = 0.2 GeV

— T, variations + 0.15 GeV

I simulated data points
10 fb™' / point

preliminary
based on CLICALC Top Study
EPJ C73, 2530 (2013)

340 345 350
/s [GeV]
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LAL  mass & Width 2D Template Fit ILC, CLIC, FCCee  |(G®

= T — e o * 1D mass resolution
© 199 16 10x 101" * MPV 71 105 = (assuming def. I
o) - mPS =171.5 GeV o - & 18 MeV (ILC)
v 1.9 r,=137Gev SRRt Lo 21 MeV (CLIC
- - 2D template fit . 0.4 8 eV ( )
8145 1l 04 S 16 MeV (FCCee)
= - - X * 1D width resolution
14 4= 033 (assuming def
- " K g def. my)
B 5 o
1350 £ S 43 MeV (ILC)
- o= 51 MeV (CLIC)
13F = ' g 37 MeV (FCCee)
n i 2> * Extension of 1 o contour:
1.25 - preliminary i 0.1 E m: +39 -35 MeV (ILC)
~ based on CL g
1.2 EPJ C73, 2530 (8 ] = It +90 -45 MeV
F s 50w o T o e I g op o og 0 O m: +40 -45 MeV (CLIC)
171.3 171.4 171.5 1715 171.7 = I +130 -95 MeV
fitted m, [GeV] m: +35 -30 MeV
(FCCee)

I +95 -65 MeV
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Top Mass — Alternative Method

» m; can be measured by
counting the ttbar events
produced for a certain 2
s’ (i.e ISR energy photon, %m
which can be measured §1s
with high precision) 14

12

» Our observable B(m, s/ ‘

is the differential cross

0.8

086

section of the ttbar
production as a function .

of CS‘ = ‘\/E

» The observable is more sensitive to mt near the top production

0.4

B(mtﬁ Cs’) —

S.f

— i, = 166.7 GeV

mi’ = 168.8 GeV| _

—— m3* = 170.9 GeV

-]

— miy’ = 173.0 GeVl..

My = 175.1 GeV

miy, = 177.1 GeV|-

— 2 = 179.2 GeV

-]

dgtt_’]r

d¢

_ SE(

.
Cad

Ca’:\/?

B T

Lo o4l t 1
gEﬂ 340 360

threshold, and the dependence diminishes as (s grows

P. Gomis

Roman Poschl

Detailed simulation study in the making
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Top Mass, Higgs Mass and BSM — SM vs. MSSM @'

80.60 ——

M,, [GeV]

80.40|

80.30 —

X
MH

- experimental errors 68% CL

= 125093:31 GBV@
MSSM; o

=125.09 £ 0.48 GeV

P

LEP2:’Tevater'LHC today
— LHCfmai {5!11 QSGEV 6M -
80‘50_——- ||_c ﬁmt oo&eev am _*BMEV |

-.--10 MEV

MSSM [
SM, MSSM i

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune 18

168
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170 172 174
m, [GeV]

176 178
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Precise Top (and W) mass
crucial to test compatibility
of measured Higgs mass

MS might not be sufficient
to explain Higgs mass

LHC may not reach sufficient
discriminative power

A lepton collider will

10



Top Quark and Flavor Hierarchy (oo

Roman Poschl
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- SM does not provides no explanation
for mass spectrum of fermions (and gauge bosons)

- Fermion mass generation closely related
to the origin electroweak symmetry breaking

- Expect residual effects for particles with
masses closest to symmetry breaking scale
- A_, anomaly at LEP for b quark

(),

Strong motivation to study chiral structure
of heavy quark vertices in high energy e+e- collisions

AWLC 2017 11
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ZAZ Testing the Chiral Structure of the Standard Model @‘
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LY (K%, q,7) = —ie {'m (Fiy (K*) + v Fa (k%) + =25 (g + 9)* (iFsy (k) + Taqu(kg))} :

2m,
(2)

Pure v or pure Z° : ¢ « (F;)? = No sensitivity to sign of Form Factors

79/~ interference : ¢ « (F;) = Sensitivity to sign of Form Factors

Couplings and Form Factors: gf = Flzv — Fﬁ, gﬁ = F1ZV + Fle

Roman Poschl AWLC 2017 12



Z.At Top quark - Sensitivity to New Physics (oo

Top is primary candidate to be a messenger new physics in many BSM models
Incorporating compositeness and/or extra dimensions

097 /9%
arxiv.'1505.0§020 20% +
see also: 2;)):/\‘//1156(())3317;’5357 IL.C Precision \S/;aiiséti;oa IGeers) "
0% - — L = 500 fb"
RS with Z-Z’ Mixing | | M | o
o o U e 9R/9k

® 4D Composite Higgs Models [?]

-10% 9 Composite Higgs with SO(5)/SO(4)

® Little Higgs

5D Emergent
o -20% 9 RS with Custodial SU(2)

® Composite Top

Precision expected for top quark couplings will allow to distinguish between models
Remark: All presented models are compatible with LEP elw. precision data

Roman Poschl AWLC 2017 13



Top quark Form Factors- Matrix Element Method

Go

Results of 6 CPC form factors fit

Before quality cut (total efficiency 77%)

Yo Safto et al.

Roman Poschl

[Re ﬂF-}
Re 6%5,
Re O{ﬂi‘:{
Re nf‘iF
Re r‘JF v
Re 01’*;;

[Re hFFL
Re dfﬂ,
Re (‘J‘l'f';_1
Re 6FE,
Re ﬂlfﬁ
Re rﬁF

+0.0188 4+ 0.0089 |
+0.0293 £ 0.0161
+0.0280 % 0.0133
+0.2250 £ 0.0202
—0.0246 £ 0.0260

+0.1448 # 0.0435

After quality cut (y%,, < 5 & A4yZ,, > 6, total efficiency 28%)

+0.0088 + 0.0154]
+0.0339 £ 0.0270
+0.0233 + 0.0221
+0.0704 £ 0.0340
+0.0788 + 0.0461

40,1244 + ﬂ.ﬂ?ﬁ?_
Xtest = 100 125% (L.

AWLC 2017
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ZAZ Top quark — CP Violating Form Factors (oo

* Nominal ILC and the CLIC low-energy stages have a very similar sensitivity to
these form factors, reaching limits of IFz2aY 1<0.01 for the EDF

* Assuming that systematic uncertainties can be controlled to the required level, a
luminosity upgrade of both machines may bring a further improvement

> I
= e, T s ]
] - - Phiys. R 073 (2008) E401E - = - -
g B, f5-500 Gav, =500 0" Including CPV observables in the EFT global fit...
1 3 -ch Lumilp, Vs =500 GeV, L = 4000 fb" i A i
§ : -cuc.1'3=3ausgmL=suofb" E [F21A, F:Z,A] & [[m{Cu‘q}‘ Im{C-uZ}]
- i CLIC, Vs=3 TeV, L= 3000 fb” ]
101t Vs = 500, 1000 GeV; o + A.g + CPV opt. obs.
2 beam-polarizations
107
107

Z Z
Re[F.,] Re[FZ] Im[F ] Im[FZ ] cf C4 Ch O Cf Oy Cf Cf C, O,

Roman Poschl AWLC 2017 15
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Heavy quark analyses - Main challenge (oo

PhD thesis: S. Bilokin
Roman Poschl

i

* b-quark charge measurement
« Important for top quark studies, indispensable for ee->bb

« Control of migrations:
« Correct measurement of vertex charge
« Kaon identification by dE/dx

Both options accessible with ILD

AWLC 2017 16
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Vertex charge

Entries (normalised to unity)

L

Entries (normalised to N

0.22

o
o

0.18
0.16
0.14

0.12F

0.1
0.08
0.06
0.04
0.02

:

0.005

0.004

0.003F

0.001}

LA L L I L L L I I
DbEaI2EOGeV

B |:| tt at 500 GeV

TT II
II|IlI‘III|III|III|IIIII\I|III|IlI|\II|IIIIII

Jllrllllll'll[llll

0 2 4 6 8

0.002f

. AL laaal
% 01 02 03 04 05 06 07 08 09 1

1 ) o L | ]
10 12 14
B-hadron multiplicity

[ [ other reasons
L[] Low oftset significance
! [] Nonreconstructed PFO
- [ Mo hits in VXD and FTD
- [ o tracking intormation

- Integrated
- Inefficiency: 10.4%

Roman Poschl

* Need to measure all prongs to get charge right

 Tracks can be missed or discarded for

secondary vertex reco
(Details see backup)

nstruction

* Recovery procedure developed

« Significant drop on inefficiency

-> increase of efficiency ~0.9° -> 0.94° for neutral hadrons

)

£ 0.005

0.004

rmalised to N

[=
w

0.001

AWLC 2017

0.003

0.002}

LARAN RALAS RALEY LELLN LELLE LA

| [ other reasons

] Low oftset significance
:[:Hummm:mtldPFG
" [[_] No hits in VXD and FTD
L[] Mo tracking information

Integrated

Inefficiency: 5.8%

A
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Nl Kaon ID (oo

« The kaons are identified by the dE/dx measurement of the TPC tracks
« The main background particles for Kaons are

- Pions

- Protons

« The developed angular correction compensates the increased dE/dx
for longer TPC tracks, which increases purity and efficiency of the kaon

1078 10"
T 03—y , 5 = 03— - : S
E L ] E .
2 028 ' 3 S 028f 11
8 i S K| _j
e i = - |
%Hﬂzﬁ, j E U-ESF 'pl
024 ' 3 © 0.24f . -
F - ct s
0.22 ""4' 0.221- "
o ';;J? L
02 o' 0.2 o
L = r
018 B 0.18f
016
6{] 15
0.14— D14
0.121- e 3 012 % .
uj;ll_l_l.IJ_J_]_l_L': a1 sl P I.I.II: ﬂ.-l:ll Ll . L 1aaal L iLIL: 7
107 1 10 10" 1 10
p [GeV] p[Gev]

Kaon ID via dE/dx:: Purity 94% Efficiency 88%

Roman Poschl AWLC 2017 18



ZAZ ee->bb — Polar angle spectrum

/5 = 250 GeV L = 250 fb~"

epep — bb epel — bb
12000 1T | LI | rTT ‘ LI E T | TTT E T LI I 1T TTT] [TTT | TTT '| TTT | TTT | TTT | TTT | LI | TTT ‘ TTT [ TTT]
£207 Gonersied 7 1600l $1/L2 Generstea A
D Reconstructed o =/’ F D Reconstructed : s
nnnnn — ~~rected 3..', s 4 | D Corrected 4 -
= | 7 1400 2Z return background R
e A E ©F background ]
ool L 12001~ 2***: 27 71 WW background Y ¥
I o - 2y
N 4 1000 / %
E » ] - P R o
- P77/ B00F: 4y b, -
e - b, h / ]
A, e o =" I A
- . 2 600+ b i i
200 ; A A A A A AL S 7 v iy g iirirs By A, 2z, H :
o; {).s OI'-" ()IS .0-5 .0-‘. 0.3 .~ B A A AR A, /; 400:‘ S L ST R S A i 7 ;
1 A A A Lo 7 L s ]
A S S LSS S, : 200#‘ A AL S LSS ’) A8 / 7
m’f:::: et I.LL (e S R a e e OF‘( ol vt L P TG 10 O] A, A BB LAy e

-1 -08 -06 -04 -02 0 02 04 06 08 1 1 -08 -06 -04 -02 0 02 04 DE 08 1
cos6, cosh,
ARe JA%T = 100.7% % 0.62% AT A% = 104.9% + 2.25%

« Even after improvement of b-charge measurement residual migration that pollute the backward region
» Developed method to correct for these migration w/o using generator knowledge (in-situ correction)

» Acceptance drop towards large polar angles
» Benchmark reaction for 250 GeV running
. Longleverarmin in cos 6 _to extract excellent physics

do! I 9 I _ Form factors/couplings
* Interpretation, see also Physics session
Roman Poschl AWLC 2017
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AL Xbb Form Factors and EFT (oo

| |
Il iLc 250 Gev

B LEP 91 Gev

T IIITIII
| III\II|

0.4
ILC t

0.2t

Relative precision [%)]

LEP bb

11
g
=

0.9k

-4 F

0.4 -0.2 0 0.2 0.4

107!

Y Z V4 VA VA
I:1V I:1V l:1A gL gH

» |LC 'beats' LEP in particular on the right-handed coupling
* Results on b and t couplings complementary for EFT interpretation
Scales up to A=10 TeV are reachable

Roman Poschl AWLC 2017 20



Direct searches of New Particles

¥ ./ , — typically Am of 20 GeVor less
o o © —+ very difficult for LHC!

Pl P N U DU R T N N N

> [ ATLAS Simulaton R
& 700 o iaTev e .
e - s 3000 b, 95% exclusion limit .
#  B00 == 3000 fbo", 5c discovery reach = ) .
= b o 85% sxclusion b - - Hadron colliders have a great potential
T - — , 50 discovery resc ot . . .
w500 P to discover supersymmetric particles
400 B g - - coloured and neutral
300} ool -
200} £
L T N - Hadron colliders cannot exclude low mass
100 200 300 400 500 600 700 800 SUSY with light neutralino and chargino(s)
%, and 7, Mass (GeV) Degenerated in mass
S 600 1
o] [ Higgsino-like LSP (u < MM ) 3
O L . . a
I_a. _ 500 P_M».M,_;t : [0.05,2] TeV .93 ) . . . ]
g [ - Example: scenario with light higgsinos
400 - SRR b~ O(v)
300 ¢ U,;’ . D
o *¢ Natural.Radiative SUSY:
. Jg.;,rnati'ar above 100GeV

| P

200

I"(O;Ilan FOSCni

300 400 500

600 700
m. [GeV]
1
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M‘ Tracking Light Higgsinos at the ILC @'

Study of Higgsino pair production, with ISR tag
Benchmark models with
m(NLSP) - M(LSP) = 1.6 GeV and 0.8 GeV

olete”™ = x7x7) ="T78.7 (77.0) fb
AM =1.60 (0.77) GeV

Berggren, Bruemmer, List, Moortgat-Pick, Robens, Rolbiecki, Sert,
EPJ C73 (2013) 2660 [arXiv:1307.3566]

> -I L ':-J‘;-l L} I L B B I' L L 'I LI e i > v * ¢ .:--‘-Il'-:I LI L l LI R LA I LB BT
Q - - @1000 - =
" Sl E’fbﬁ? dM1600 - 3 :Eﬁ_ﬁ“’ dM770 ;
— [ B X, %Y fit : © as00F Ay Ko Y fit _'
E SUOT.SM I'\ili.—158.0:t1.4GeV - :&__) 3 By N1i:—168.6:1.0GeV ]
& - — simul. data I & 600 - ~= simul. data —
D 400 | o f :
400 - s
20f 200f :
200 250 300 350 400 450 500 300 250 300 350 400 450 500
\'s/GeV \s/GeV

Vs=500 GeV, Lumi=500 b1, P(e-,e+)=(-0.8,+0.3) = LSP mass resolution ~1%
Clear signal => ILC covers important corner of phase space for SUSY Searches

Roman Poschl AWLC 2017 22
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Light Higgsinos — Event Display

Neutralino mixed production with leptonic decay

=ty 4}

Roman Poschl

SR

/ \ electro!nf pair

* (compact ENll showers)

= ~0~0
E'€E = XiXa2—*Xi1Xi

{7

A/

(

\

7
| —
—

|

i =lI=
muon péir

(traj

k reaches muon
detector)

AWLC 2017
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AL Light Higgsinos — Dilepton spectra (oo

Fo— 00 . 00+ )—
ete” = X1 X2 = XiXit' /4

Mass extraction is done separately for each channel (NIN2 and C1C1)

Example for NIN2 channel:

The maximum invariant mass gives mass splitting AM=M(N2)-M(N1) (here ~4 GeV)
The maximum di-lepton energy is a function of M(N1) and M(N2)

- Solve for M(N1) and M(N2)

ILC2, (Pe-,Pe+) = (-0.8, +0.3), NIN2 dimuon final state

ILD Preliminary 500 GeV, 500 fb™, P-ao a0 ILD Preliminary 500 GeV, 500 fb™, P 0.0
9 L B L L R BN RN R R R §250_—|||||-—
L 300 - N ]
© T2t oca) ] O o0k 72 oc2) ]
g [ smbkg i % [ smbkg ]
E 200: I susy big _ g 150 [l susY bkg
c i =
2 i " 100
i [ ]
100 n
: ; 50
0' L SE S PR s oL
0 5 15 20 o5 30 0 10 20 30 40 50 60
M, [GeV/c] B (GeV)

Edge extraction is key

M(N1), M(N2) can be extracted at the 1% level

J. Yan, T. Tanabe, AWLC2017
Roman Poschl AWLC 2017 24
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LHC ILC Interplay — Natural SUSY example

3( R/\!()IRL
L'AC ELER/\!LUI\
N A RE

Ceo

Mass parameters M. and M, from fit based on previous analysis, gluino from LHC

;2000 L L B L L L B B L I B B 9000 1T T T T T T T T
O ILC1 preliminary 5-parameter fit % [ nGMM1 preliminary 5-parameter fit
O] SUSY+h from ILC H20 0] SUSY+h from initial ILC run
—_ g from HL-LHC 4000 § from HL-LHC
= 1500 - = 000¢
NUHM2 NGMM1

1000:

500}
M, :
NN B B N B BN B AN TR R R R RV IR R RN RN B RN B
10°  10° 10° 10 10 10" 10° 10° 10° 10" 10'° 10"
Q [GeV] Q [GeV]

* Determination of mass unification scales by RGE
 Different mass unification schemes can be distinguished

S.-L. Lehtinen

Roman Poschl AWLC 2017
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ZAZ WIMP and Dark Matter Searches @0

WIMP searches at colliders are complementary to direct/indirect searches.
Examples at the ILC:

Higgs Invisible Decays Monophoton Searches
1600 T T T T T T
E ~| LD Simulation o, - e 9 X
~ 14000 \E = 250 GeV Eg% —
iy - polie &) = (+0.8,-0.3) CJwH .
.g 1200 250 fb7 Eggn . —
I% ; ﬂﬂﬂf— 1 H—invisible BF m%_f
T Z->hadrons E
: BF(H->invis)=10%
f0 710 120 180 140 150 %ﬁn et X
Recoil Mass [GeV]
BR(H-=>invis.) < 0.4% at 250 GeV, 1150 fb- > DM mass sensitivity nearly half Vs
Impact of jet energy resolution Soft photons, forward detectors
Tomohiko Tanabe
ILD Meeting 2014

Roman Poschl AWLC 2017 26



Results of monophoton studies

Analyses for Ys=500 GeV, L = 500 fb"’

Scalar operator (s-channel), s =500 GeV, 5001fb", 35 CL

% 2500/ o = F
) C © 2500
< 2000F— S St
: T <2000
15001 _
. 1500-
| = +80/-30
1000F S=] 330430 S350
I=F 1 1000; =3 50130
500:_ V t t 500 __:: -80/+30
- Vectoroperators - Scalar operators
e b e b e e b b r
0 50 100 150 200 250 O
M, [GeV] 50 100 150 200 250
Axial-vector operator, s = 500 GeV, 500 fb”, 3¢ CL M% [GSV]
> b
D) 2500_ -_h-"'-
8 -
< * Steadily improvement of results
2000p C e :
B here better rejection in forward region (empty detector)
———— « Scale reach depends on beam polarisation
15001 ~a—- oy S
B » Largest scale reach for positive electron beam polarisation
[ =) +80/+30 3 i i i i
1000} 3 5050 Positron polarisation makes a difference
ZE K /(1130
500
- Axial-Vector operators
0'..‘|...‘|..‘.|..‘.|.‘..
50 100 150 200 250
M, [GeV] M. Habermehl
ROM.co.. . o AWLC 2017 27



Nl Summary (oo

- The ILC is versatile machine for precision physics in the range m_—1 TeV
Polarised beams to test chiral theory!

- Powerful heavy quark programme
Precise determination of top quark mass
Very precise and complementary determinations of top and bottom couplings
Heavy quark program requires full ILC energy but significant results already at Vs=250 GeV

- Heavy quark results are either difficult to achieve or
unaccessible at LHC and circular e+e- machines

- Discovery potential for Supersymmetry and Dark Matter
Sensitivity in phase space left by LHC and Dark Matter Experiments

- All studies presented here are based on full ILD simulation and
reconstruction
Benchmark studies (not only) for ILD

Roman Poschl AWLC 2017 28
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Top Quark Mass — Influence of Luminosity Spectrum

Co

o
fo)

o
N

0.2

based on CLICALC Top Study
EPJ C73, 2540 (2013)
| | | 1

ISR tail

EI 1 .4 [ T T T T T T T I l I T I | I T i
O | tt threshold - 1S mass 174 GeV i
S 1.2 — —TOPPIK NNLO — ILC 350 LS+ISR —
'-3 — CLIC 350 LS+ISR — FCCee 350 LS+ISR i
O A _
m -
2 i
© 0.8 N
o LS & ISR byoadening -

BS tail

III|lII|II

0 | P
345

350 355

s [GeV]

1) Main effect on L spectrum is ISR
=> Reduces Luminosity, smears out 1s bound state peak
2) LC somewhat smaller L due to BeamStrahlung

F. Simon
AWLC14

Roman Poschl

AWLC 2017

e Initial State Radiation
Lowers effective L at top energy

« BeamStrahlung
Lowers effective L
at top energy
Not at FCCee Gaussian spectrum

e Luminosity spectrum &
Initial State Radiation
broadening
Smearing of cross section
Due to beam energy spread
ILC and FCCee comparable
Worse at CLIC

30
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Vertex charge (oo

[EC:I

Entries (normalised to N

Roman Poschl

The central problem of the vertex charée measurement is the missing
particles from the reconstructed vertices

- We have identified the sources:
* No reconstructed tracks
e Particle has no hits in VXD
* No reconstructed PFO by Pandora
« Low offset\low momentum

— This study resulted in VertexChargeRecovery algorithm, which
enhances the charge purity by adding the missing particles back

)

300&5—”“[“”]“”' T
[ [ other reasons % [ [ other reasons
0.0061 Dl.ulruﬂ:ﬂ:ign'rﬁunce ; 3 Di.uwuﬁ':ﬂ:ignﬂicance
E [___] Nonreconstructed PFO E 0.004 o :l Honreconstructed PFO
0.005- ] Mo hits in VXD and FTD o " [ Mo hits in VXD and FTD
i Dbh'lnddng information g L Dﬂntmcklng information
0.004F 0.003} ~
0.003F £ I
. ' o.00ef
0.002}
L 0.001
0.001 -
f(les-ssannsscsunsntunalsuting inwin o- rim i nrrh v T 6
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

|cos8| |cos8|
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Vertex charge — In situ correction (oo

Roman Poschl

Charge purity and polar angle correction

We can use refused events with contradictory charges as a
measure of our charge purity and calculate correction factors

Let p be a probability of a correct charge measurement of a jet

Then q =1 — pis an incorrect charge probability # of refused events
. . . LN
We can compute it from the following equations: N =N, + N,
w
N,= N} +N; =p’N+¢°N N, = 2pgN # of accepted events

We define a number of original events:

(e SNk NG SRR e
= P Norig ..-‘;I\.Tf“-':?;g'
Corrected values: Migration terms
{N;f = PN},
N;' =p?’N_ . "
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M‘ Results of full simulation study for DBD at +/s = 500 GeV Bl

ArXiv: 1307.8102
Precision: cross section ~ 0.5%, Precision A_, ~ 2%, Precision >\t ~ 3-4%

Accuracy on CP conserving couplings

ILC (preliminary) - ILC might be up to two orders
P y of magnitude more precise
than LHC (v/s = 14 TeV, 300 fb?)

Disentangling of couplings for ILC
One variable at a time For LHC
However LHC projections from 8 years old study

Uncertainty

I LHC (hep-ph/0601112

10"

- Need to control experimental (e.g. Top angle)
and theoretical uncertainties
(e.g. Electroweak corrections)
-> Dedicated work has started

102

T IIIIII\|

- Potential for CP violating couplings at ILC
under study

107

ILC promises to be high precision machine for electroweak top couplings
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Model discrimination

Go

LABORATOIRE
i e e
S.-L. Lehtinen
;‘m_-l T T T T T ;‘5009 LI B L B L B ) B ) L ) ) B L ;’500':'_ T f:‘nlﬂlhﬁlpr'!lll I'| T ;-‘I T 'lﬂ'tl T
) [ ILC1 prelimina rameter fit [ 5-parameter [ n minary 5-parameter
g L o (QDJ [ RAE prolminecy " ) B i SUSY+h from initial ILC run
&l SUSY+h from ILC H20 1 4000} SUSY+h from ILC initial stage - ”5.40005 g from HL-LHC
i M, assuming unification [ Y
i 3000 i ificati 3000
10001 3 _ M, assuming unification
i ': 2000} 4 2000}
i Mz - .
50'2'7 _- 1 Mz -
_ . 10001 4 1000
: M, e ] i M,
[ P Y Y Y Y Y Y Yy -y | .-

0 b 12 15 18
10° 10° 10° 10 60[63\1/?

ILC1 (ILC H-20)

T IPY Y Y IPY P B BPY NPT Y Y Y Y Y N

sl ol sl s sl sl sl o0 o0 o0 51 50 sl sl sl 4

0
1 1 10" 10 10" 10"
é[Ge

ILC2 (ILC initial stage)

The three scenarios are clearly distinguishable with the ILC alone
- Gives insight into underlying SUSY breaking mechanism

Roman Poschl

AWLC 2017

0
10° 10° 10° 10% 10" 10"
QGeV]

nGMM1 (ILC initial stage)
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tt Supersymmetric Higgs Boson (MSSM) Coe

Exclusion of pMSSM points via Higgs Couplings — arXiv 1407.7021

ILC (1150 fb"'@250 GeV & 1600 fb"'@500 GeV)
0 .

6

Top Yuka 8%

lear threshold 6%
4

'n by going
from 500GeV to| 4 %)

2%

0%

0 500 1000 1500 2000

m(A) (GeV)
Heavy Higgs mass

Precision Higgs coupling measurements are sensitive probe for heavy
Higgs Bosons m ~ 2 TeV reach for any tanf in high energy e+e- collisions
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M‘ Dark Matter Search — A spectacular example (oo

arXiv:1411.0088
Z' with vector couplings to Dirac type Dark Matter X and axial couplings to ordinary matter

X2 p2 f 2 2y + 3
UV4| g I K I;nflzz[(s—m;}){ +(m2'rz’)2:|

-> Monophoton search
-> Background suppression through polarised beams

Vs=1TeV, myz =550GeV, L=1ab !, K?=0.1

P._ =09, P+=-06 o P, =08, P+ =—-0.3
D 10" -
& ~ v
= U]
- 4
o 107
> -l
Z
10}
300 400 S00 600 700 800 900 300" 400 500600500~ 500500
Mrec GeV Mrec GeV

Roman Poschl AWLC 2017 36



ZA£ Light Higgsinos — Benchmarks (oo

Charginos (x1+ x1-) Neutralinos (x10 4 Iight HiggSinOS

20
‘~ L Y . Vs =500 GeV
full ILD detector simulation

Good precision achievable even for

AM complies with naturalness (no use of ISR tag) chaIIengmg AM with soft | tons/jets
S Get - — 3 AR .-
M(N1) 102.7 148.1 151.4 = i wm ||||l! | ez eer

- | ILC2eer |
M(N2) 124.0 157.8 155.8 g \ AT ‘nmnm
AM(N2,N1) 21.3 9.7 4.4 c | T
M(C1) 117.3 158.3 158.7 B

n
AM(C1,N1) 14.6 10.2 7.3 @

(@)

O | i \m\ \HH\‘\ i H‘U‘ M W‘H
Process (Pe-,Pe+) ILC1 ILC2 nGMM1 ”
C1C1 (-1,+1) 1799.9 1530.5 1520.6
C1C1 (+1,-1) 334.5 307.2 309.5
N1N2(-1,+1) 490.9 458.9 463.5 Cross sections for Vs = 500 GeV
NIN2 (+1,-1) 378.5 353.8 357.3 Similar for all benchmarks

Event Generator: WHIZARD v1.95, DBD setup, TDR beam parameters
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Light Higgsinos — Dilepton spectra

Neutralino mixed production with leptonic decay

Left Polarization

(Pe-

,Pe+) = (-0.8, +0.3)

e+e_ — 2{1] 5{3 — 5{?5{?6"‘6_ Edge precisions ~1 %, assuming 500 fbA-1
ILD Preliminary 500 GeV, 50007, P
o I I I I =TTy I T i ' Iu
ILD Preliminary 500 GeV, 500", P _ % - _' 1
"‘5; 100 £ g 150 £ L aen 3
s | o = B swowe ]
o 80F [0 sm kg 2 Wl susv g :
@ ' susy @ 100 |- -
E ek ity >t 20.76+/- 0.20 GeV/
g Wf 73.81+/- 0.86 GeV .
a0 3 Di-muon 50 ot
: - mass
20 energy : s
s 3 0
ok : i 0 10 20 30 40 50 60
0 50 100 uelr 5}0 M, [GeV/c?]
Theoretical values: E“max=74.93GeV AM= 21.28 GeV
s ILD Prefiminary SR S % 550 ILD Prel'rrll'sinary : ' SWGIBV, 500 f’tl:, P'ﬂﬂﬂ-_
L | m
& 120 []#5° me .
o Ligx een o 200F e E
o 100 [ smbkg = [ [ smokg .
‘% 80 Il susY bkg + 150 - Bl susy bkg s
() 74.37+/- 0.80 GeV o [ 20.52+/- 0.32 GeV ]
@ 60 W 100 F :

40
20
0

0
J. Yan, LCWS2016

Roman Poschl

di-electron

energy 50 F

50 100 150 0. 10 20
Eee [GeV]
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di-electron
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30 40 50 60

M. [GeV/?]
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VeV Results of monophoton studies (oo

ABORATOIRE
E [ 'ACCELERATE
I N EA IR

ol
mAm

Vector operators: Vs=500 GeV, L = 500 fb"’

Vector operator, s =500 GeV, 500fb", P_=0, P_=0

||

Vector operator, {s =500 GeV, 500 fb”, P_=+80%, P_=-30%

> : P =

© 2500 >

3 CQD) 2500 o

<2000~ <2000 T

— — --——--l—--_- ———
L ——
b
L

1500 .

1500

1000 [_] improved Bhabha rejection

" _J A.Chaus
500

1000+ [] improved Bhabha rejection

"L _] A.Chaus

500

50 100 150 200 250 0 50 100 150 200 250
M, [GeV] M, [GeV]

« Steadily improvement of results, here better rejection in forward region (empty detector)
« Larger scale reach for polarised beams

M. Habermehl
ICHEP 2016
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ILC Roadmap
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