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Heavy flavor studies at ILC

Andrej Saibel, ICHEP 2024 18th of July

On behalf of the ILC International Development Team Physics and Detector Working Group
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International Linear Collider
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“Giga’Z”
« Luminosity:2-4-8 ab~!
. Polarisation: ¢7(20/30%), ¢~ (80%)

« Clean environment

Ll
el 118
! $
e N |
I i
| w I " 5
A | i
it ¥ 7
‘ i
i it
(AL e
| Beee——

-

S e

L ey

» Precise tracking, vertexing, and PID
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Top-quark and its properties

ATLAS+CMS Preliminary
LHCtopWG

LHC comb. (Sep 2023*), 7+8 TeV LHctopwa [1][16]
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total uncertainty
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Fundamental parameter of SM

Only particle with Yukawa coupling ~ 1

Contribution to many Higgs processes

Stability of electroweak vacuum

- Limited by m, precision

« Necessity of new physics/SUSY



Threshold scan of 11 Produlcltiqnl

February 2019
|

'8_ - tt threshold - QQbar_Threshold NNNLO - 4
— O 6 | ISR + ILC Luminosity Spectrum .
. " c —defaullt-.mtps171.5 GeV, I, 1.37 GeV |
» “Golden channel” for top quark mass Q[ mvariaons 01 Gov.
3 u thteory uncert;in;[y
)
« Scan: 340 - 350 GeV o 04T -
- Simultaneous measurement of width S | simuated datapois -
. . . 0.2 200 fb™ total a
and mass in optimised scan o
P e
» Access to non-relativistic QCD N
and toponium 540 545 2
/s [GeV
[2209.11267] | |
. . ° . ° dmE> [MeV] ILC| CLIC |FCC-ee
Achievable precision < 50 MeV e o0 100 200206
. . Statistical uncertainty 10 | 20 [13] 9
+ Limited by theory
Parametric uncertainty oy 26 ‘ 20 ‘ 3.2
Parametric uncertainty y; (HL-LHC) 5
Non-resonant contributions < 40
Experimental systematic uncertainty 15 - 30 ‘ 11 — 20
Total uncertainty 40 — 75
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https://arxiv.org/abs/2209.11267

Boosted top quarks

7’ : Q 700 GeV _ 170,034 GeV 1
| T = NLL [PhysRevD.104.014026]
soft particles = 0.21- === NNLL ] i

n-collinear  \ // n- colhnear % _ _ 171.6 :_Q:7OO GeV |

: 5 S :

B S 171.4F | {' §

“;;(li’gt T % T T o é 1712 F . ]
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g I ' 2 171.0F .

| | 3 12 O = 700 GeV —— N°’LL < —e— Pole :

hemisphere-a hemisphere-b E 111 ﬂ—/,\\/"::_—_ -1:11_\_11_:L_ ¥ 0.8l —— MSR -

g0 - E NLL NNLL NPLL

165 170 175 180
M j [GeV]
- Measurement of collimated “top jets”, thrust
: mass @ Peak Positions [GeV]
Accesible at ILC -1 TeV scheme [GeV]|  NLL NNLL N*LL

: : 700 [171.1047938% 171.29470-2101171.41479 30
MSR —0.253 —0.111 0.070
» Interpretation of measured value in theory 2000 | 175.008+ 1555 176.403+1.257 1765410573
MC Pole boje 700 |171.07370:5:58 171.3547075) 171.4277015]
* N, — m, 2000 |174.377F2:087 176.12671 261 176.44879-75Y

Achievable precision ~ 100 MeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.014026
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ttH production

Third-highest b-tag

Direct measurement of top-Higgs
Yukawa coupling

Accesible at 500 and 1000 GeV
CP nature of the Higgs field

Using BDTs to distinguish signal
and backgrounds

Combination of 6 and 8 jet final-
state:

- Top Yukawa: 4.5% uncertainty at
ILC 1TeV and 0.5 ab™!


https://link.springer.com/article/10.1140/epjc/s10052-015-3532-4

SMEFT atILC

[F. Cornet, V. Miralles]
- Model independent search/exclusion of EESEEEEES

. . . Couplings of the t- and b- EW dipole operators
new physics at high energies quark to the Z
Oo0 = (Qr’y“(.? ((p"‘iDL(p)
. Measurements above ¢f threshold give O«ioEEQZ“m <P)’)"€~jzl |
. Oypt(b) = (E(b)Y"t(b)) (@"iDpue
access to electroweak couplings -
Chromo-magnetic dipole op. t-quark yukawa
. Two and four fermion operators Oic = (Qo** T4t (9" GA) Op = (Q1) (20" ¢'9)
. . 4-quark operators
» Contributions from Z and photon can be [~ g eSS e e

disentangled through beam oy 0§, O
polarisation
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SMEFT atILC

[2206.08326]

B | HC Run2 + Tevatron + LEP Bl +HL-LHC S2 Bl +ILC250 e +1LC500/550 s +I1LC1000
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Improvements of up to two orders of magnitude compared to HL-LHC
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https://arxiv.org/abs/2206.08326

Two Fermion Final State and BSM Physic

° PreCise measurements Of Z—boson fermion [Eur. Phys. J. C 84, 537 (2024)]
couplings enable study of BSM physics GHU vs SM discrimination power (oevel) 1 1=

2401 04 05/0.1 07 0805 1.3 1.3[1.6 25 2.5 [ E——.

_ couplings
=M 0.1 04 05|03 09 09|09 2.7 2.7|3.3 LNAX: e C: Current
precision
M 02 0.7 08|03 1.5 1.6(0.9 2.2 2.3]|3.0 L8 1 R o
(Rad. Ret.)

e Z: Giga-Z

- Gauge Higgs Unification models predict
new Bosons at high energies

« New contributions + B, NN NA VIR IREARRA 46 48 63 >10 >10

Modification of cou p|ings B PEIREIRRALNAC I AREY 44 47 43 68 7.0
Mo05 14 14|09 27 28|33 FEREESIESLESL)

« Measurements of differential cross-

A, LU 48 53 43 >10 >10 >10 >10 >10
sections at\/s > 4 at ILC can lead to M08 3.9 ‘4-: 8 50 55 53 >10 >10 >10 >10 >10
observation/exclusion of BSM T N

. Dedicated talk 19th July, 09:00 ILC250" ILCES0 ILC250 LG50
(no pol.) +500  +500
South Hall 2A +1000*

Andrej Saibel 9


https://indico.cern.ch/event/1291157/contributions/6036649/
https://link.springer.com/article/10.1140/epjc/s10052-024-12918-z

Conclusion

Rich heavy flavor physics program at ILC

Clean environment enables precise measurements

The top-quark is properties are important ingredients for SM and BSM physics
Beam polarisation improves sensitivity of measurements

Improvements compared to HL-LHC often orders of magnitude

Two interesting ILC summary talks

« BSM at ILC: 19th July 15:04 South Hall 1A, M. T. Nunez Pardo De Vera

» Higgs physics at ILC: 18th July 17:53 South Hall 2A, A. F. Zarnecki
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http://Maria%20Teresa%20Nunez%20Pardo%20De%20Vera
https://indico.cern.ch/event/1291157/contributions/5876816/
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SMEFT all future colliders
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