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B2 Perennial Flavour Questions

e Are there new CP-violating phases in the quark sector? (Why is the
Universe missing all its antimatter?).

o Searches for new sources of quark sector CP violation, CKM precision
metrology.

« CPVin the Higgs sector.

e Does nature have multiple Higgs bosons? (Why is there a mass
hierarchy in fermions? Why do neutrinos have mass?)

« Semileptonic and Leptonic decays, lepton flavour universality violation.
o Higgs precision studies.
o Direct searches for mass generation mechanisms.

e Does nature have a L-R symmetry? (With higher mass interactions)
e Rare flavour decays.
« EW couplings, direct searches.

o Isthere adark sector of particle physics at the same mass scale as
ordinary matter?

o Dark photons, axion like particles, and dark matter, via flavour
transitions and direct production.
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Belle Il

Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kvv, pv), inclusive decays,
time dependent CPV in By, T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. Av), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Upgrades
Most key channels will be stats.

limited (not theory or syst.).

LHCb scheduled major upgrades
during LS3 and LS4.

Belle Il formulating a 250 ab-
upgrade program post 2030.

Belle Il - LHCb Comparison

+ Important contributions on B and D flavour

physics from ATLAS, CMS, BESIII.

Observable 2022 2022 Belle-I1 Belle-11 LHCb Belle-11 LHCb
Belle(II),  LHCb 5 ab™! 50 ab™! 50 fb~! 250 ab™! 300 fb~!
BaBar

sin 23/ ¢ 0.03 0.04 0.012 0.005 0.011 0.002 0.003

v/ 93 11° 4° 4.7° 1.5° 1° 0.8° 0.35°

o/ do 4° — 2° 0.6° — 0.3° —

Vol /| Ve 4.5% 6% 2% 1% 2% < 1% 1%

Scp(B — n'K3)  0.08 — 0.03 0.015 — 0.007 —

Acp(B — n°K8)  0.15 — 0.07 0.04 — 0.018 —

Scp(B — K*%)  0.32 — 0.11 0.035 — 0.015 —

R(B — K*0™)T 0.26 0.12 0.09 0.03 0.022 0.01 0.009

R(B — D*tv) 0.018 0.026 0.009 0.0045 0.0072 <0.003 <0.003

R(B — Dtv) 0.034 - 0.016 0.008 — <0.003 —

B(B — 1v) 24% — 9% 4% — 2% —

B(B — K*vv) — — 25% 9% — 4% —

B(r — ey) UL 42 x 1079 — 22 x 107  69x 1077 — 3.1x 1077 —

B(t — ppp) UL 21 x107° 46 x107° 3.6x1072 0.36x107Y 1.1x1072 0.07x107° 5x107°
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Table 1: Projected precision of selected flavour physics measurements at Belle IT and LHCb.(The { symbol denotes
the measurement in the 1 < ¢* < 6 GeV/c? bin.)

arXiv: 1808.08865 (Physics case for LHCb upgrade Il),
PTEP 2019 (2019) 12, 125COI (Belle Il Physics Book), arXiv:2205.11549 (Snowmass: Belle Il Upgrade)
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=4 |[LC 250 GeV O e
e e verview tem | Parameters

Cardidate S: C.M. Energy 250 GeV
andidate Site:
Tohoku (Northeast), Japan _ength 20km
| _uminosity 1.35 x1034 cm-2s-"
L« o Main Linac Repetition 5 Hz
RTML(e-) - | Beam Pulse Period 0.73 ms
Ring To ML) e+ Source Beam delivery .
(Ring ~ system (BDS) Beam Current 5.8 mA (in pulse)
o= Beam size (y) at FF 7.7 nm@250GeV
Dump SRF Cavity G. 31.5 MV/m
_ e-Source (35 MV/m)
P — Qo Qo =1x10 10

Damping Ring (DR)

e+ Main Linac

A small beam spot is a linear collider speciality -
: for storing the beams in a ring, the beam-beam
RTML(e+) ~ 7/ interaction has to be much lower, hence much
(Ring To ML) less strong focusing at the IPs.

pre-accelerator

few GeV () source NanO'beam TeChnOIOQy

/

damping

ring few GeV

few GeV final focus
A1 I I

bunch main linac L
compressor collimation
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Higgs Factory Physics

sgrt(s) = 250 GeV: Higgs-strahlung (Zh) dominant, peak cross section around 250 GeV ---> Higgs

factory, O(1M) Higgs events

sgrt(s) = 500 GeV: WW-fusion dominant, improve many couplings, access to Top-Yukawa, Higgs self-

coupling.

) arXiv:1506.05992
P(e, e*)=(-0.8, 0.3), Mh=1 25 GeV
400_---'|""|""|""|----|----_ ~ N B L R B R R B
_ —sMmaith ] = f Zh—puX :
3 - —Zh . Q) 250 - Model independent analysis =
- . . [ L =250 fo™', \s =250 GeV
=300 — WWiusion - LO) Plzte', e+)=(-0’.8, +0.3)
C : /\ZZ fusion : 9 200 B n Signal+Background (MC)
-_g B n , / H — - ~~ _ Fitted Signal+Background :
O -_ _- _fL) 150 _ Fitted Signal
8 200 G_MZ GC) E + } ------- Fitted Background
72, + 11 100F {
100} b
O j =l BT P e |\‘ O ' j. PR TR I TR T T T B o e S
200 250 300 350 400 450 500 120 130 140 150
\FS (GeV) I\/Irecoil (GeV)
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Precision of Higgs boson couplings [%]

arXiv: 1903.01629

Model Dependent EFT / x Fit (FBSM=O & no anom. hZZ/hWW coupl.)

~ LCC Physics WG

B HL-LHC arXiv:1902.00134
S1: CMS, S2: ATLAS&CMS

B HL-LHC ®ILC250

B HL-LHC ®ILC250 @ ILC500
dark/light: S1/S2




B |nternational Development Team

*2013-Jun 2020: Linear Collider Collaboration LCC under ICFA
Mandate, governed by Linear Collider Board LCB

*2014-2018: MEXT appointed ILC Advisory Panel reviews ILC International Development Team
project, incl. new 250GeV baseline Executive Board

. imcricas Liaison Androw Lankford (UC Irvine
‘Feb-Jun 2020: LCB proposes International Development Team . o (KEK)

Warking Group 2 Chair Shirichiro Michizane (KEK)
Working Group 3 Chair Hitachi Murayama (UC Berkeley/U. Takyo)
| DT t | LC P L b Exccutive Board Chair and Working Group 1 Chair Tatsuva Nakada (EPFL)
O p re pa re a n - re - a KEK Lizison Yasuhiro Ckada (KEK)
Lurcpe Lizison Steinar Stapnes (CERN)

QAug 2020: I C FA esta bl iS h eS I DT a n d a p poi ntS I DT ExeC utive Asia Facific Licison _ Geoffrey Taylor (U. Melbourne)
Board (*)

Working Group 1 Working Group 2 Working Group 3

*Goal: establish an ILC Pre-Lab within ~2 years. IDT focusses on Pre-Lab Setup At cleraton Physics & Daleclors
ILC realisation, KEK provides support (admin., financial)

ICFA

. |lbT | ICPrelab ILC Lab.

ILC International Development

'rogueesa Tore She BT Prejueradocy Talnnslors (Frelaly]
Team publishes the Propasal for the o
P1|P2|P3|Pa| 1| 2]3]4]5 7 10 | Phys. ream publishes the Propasz
EXp . 1June 2921 - ILC Insesnational Development Team  Sanuann
An PRerral OralsCenting Josseniu sLPpOts an el ron-20sitroe Higes ~actory i l:-v
:I I’ |ll: x"l-h'll‘ll‘h :.I . .l‘ltl ’I- '. v' l,ll \'ll

Preparation

CE/Utility, Survey, Design
Acc. Industrialization prep.

Aherrs
Drarieg D peopanntory pasoo of e et Jrew Dollhor (1500 peviece, B
» (STERN TS TR Sy | Lamtiag eyl b el AL Saolnx
Constru ctlon Lowiniwd lor o mnaeis whiwd e - viwmiad TusmmineTpes sms
o ey of v af 7 T Tervcaor=y Tadoeaziey | Ty
13 ccocelred o cooctte U wmaon ad cogiraoriag work ard oo woba tha lroes
vaanidal Laasoas, dag nad oo s o 1L al L
. . Towinlien » svabiash o= o sonn meh o lonke sl iml
Civil Eng I e
n wad s Ly Hee lcassweras | M fuvnt Axda s, bl
eyl ol ey fremvoy wr for iy I Fidwrebn it
. . . A allurcat sbockd > cractabe:, by onder oz oy
L L} ngEg ropEresmets arung = 1 T - L T3 borndoras, asc poverzrast
Building, Utilities Following a four-year ILC Pre-Lab phase, ILC construction will S
) 4

Acc. Systems continue for about ten years.

Installation ----

“The INThax arbeved the majer mdlectwm of mmplsting thic epocsl adich oot bnve the
organdirional frarowod, ar inplomc station medcl and a work planofthe Pre led®aed Ll
g = = Tawuys Natada, Char of e 0T Deecutine Soand and Professor Emeriusat Ecole arXIv .21 06 00602
Commissioni ng . .

Al thetechnical deveooment andesghesrinadesion neadeddor thestartof the corst udtion of
= the L kbcrasory sheuld be conglcicd duringthc preparstony phuse. In the 3amw period
P hvs I cs Exp DOVEITITENCM ILLNOC TS O NT2NeSTOaNICTINg M Expectad 10 K30 ar JEroement enthe
= shating ¢ e cost and rrsoonsbiities ‘or the (osstruction and aperation of the ILC aciity and
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ILC Data Taking Scenario

o First stage: 250 GeV (Higgs factory)
« Second stage: 500 GeV and beyond
e covers tth and Zhh (self coupling) production

o Potential to be a GigaZ+ factory (100 fb-1 +) in interim

p_Ne— N [ L | fraction with sign(P(e”), P(e™)) =
Vet M) Eeon (GeV) (7Y | (=+) (+=) (=—=)  (++)
ILC250 250 2000 | 45%  45% 5% 5%
ILC350 350 200 | 67.5% 22.5% 5% 5%
ILC500 500 4000 | 40%  40%  10%  10%
GigaZ 91.19 100 | 40%  40% 10%  10%
ILCI000 1000 8000 | 40%  40%  10%  10%
sign(P(e™), P(e™)) =
( ) ) ( ) ) (_7 _) ( ) ) SULI
. luminosity [fb™!] 40 40 10 10
GigaZ o, P.) [nb) 604 461 359 294
Z events [10°) 04 18 036 029 | 49
230XLEP | qionic 7 events 109 | 17 1.3 025 021 | 3.4
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ILC, Scenario H20-staged§
—— ECM =250 GeV |
—— ECM = 350 GeV
—— ECM =500 GeV

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

o(e*e” — X) (fb)
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 Longitudinally polarised beams are a key feature of ILC design

Differential cross sections for (relativistic) di-fermion production®:

do _ n
dCOSQ(eLeR — ff) =2rL(1+cos)” +Xpr(1 — cosb)’

do _ -
dCOSQ(eRG; — ff) — ZRL(l -+ COS (9)2 + ZRR(l — COS (9)2

https://cerncourier.com/a/ilc-beyond-the-higgs/

*add term ~sin?8 in case of non-relativistic fermions e.g. top close to threshold  Deviations of the left- and right-handed couplings
of the top quark to the Z boson

>y are helicity amplitudes that contain couplings gi, gr (or Fy, Fa)

ogy/8; |
« L. . . i Ilghttop partners
215 # 21y => (characteristic) asymmetries for each fermion. atemaive 2
20% +
ILC precision
10% 1 —
« Beam polarisation can probe the SM/BSM chiral structure. RS with 27" mixing M o
S30% T 0w 1% | 10m o0 o
« SM: Z and y differ in couplings to L-and R-handed fermions. W s s -
] alternative 1 ®—10% @ light top partners
« BSM: unknown chiral structure frome.g. Z’! S ¢ litle Higgs
- modify L and R t and b couplings. © % TR
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|.C Detectors R
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ILD Interim Design ( .
SR Coil
Report
arXiv:2003.01116 DI— HCAL
P S ECAL
S TPC
...................... Vertex

b/c/T tagging

Higgs BR e
and Top-id

Machine background

beam strahlung
conversions

BeamCAL LHCAL LumiCAL

Bunch structure

FTD/SIT

trains of ¥1 ms at 5 Hz
1train=1312 x 554 ns

power
VERTEX pulsing
| iyt | =] Risem [
AX ™ 3 um
resonance masses ~0.15% XO/Iayer

l

4 B>3T > MAIN
Recoil mass A(1/pr) ~ 2. 105 Gev-d TRACKER
: — oy O 0 R | = :
Higgs strahlung P 2 A(1/p;) ~ 10% GeV! |e
+ dE/dx
]
In jets
CALO
W/Z/Top-id AE/E < 30%/VE Gev-/2 o inside coiI. e
in multi jets high granularity

I—' jet separation

Phillip URQUIJO

particle flow

DAQ

triggerless
between trains

The time structure of the
accelerator also allows for a
gaseous main tracker to be used

(like the TPC of ILD) with 4-5%
dE/dx resolution, sufficient for
good kaon and proton ID.




B2 Detector Performance

ILD Interim Design Report o

| | I I I | I I I | I I I | I I -
arXiv:2003.01116 X 0.5F Do ec 2
. - - : diation length
« Tracking, efficient 0.4F @ w 1 ° Low radiation leng
above 200 MeV (good ; 35 : tracker.
for tflavour). l ] « Hermeticity Omin ~ 5
e Momentum resolution 94} : mrad.
1/3 X SLD. 0.1 -
0 {rp—l |
80 60 40 20 O
0 / degrees
= F T L _20.0— ; —
3 v onaruo sz - 0 LD | = /K. dEdx
§6 Tiseas ° ImpaCt. parameter ks %ﬁ DR-L| . ij, TOF100 « dE/dx (TPC) + ToF
o ' e resolution. 6150 %, | * m/K, combined ] particle ID.
10k E 5 % = K/p, dEdx
a . S | K /p, TOF100 .
- v i ° 1/3 X LEP. N 10 Of 77777 N ﬁ# - K/p, combined | ° Particle ﬂOW fOr
¥ v L |, N ? reconstruction.
0m 102 E o - :
S 5.0
T : v : e, e
107 0.0 2 § 6 810 20
1 10 Momentum (GeV)

1 2
Momentum (GeV?
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b C, T-1a 18 epton
THE UNIVERSITY OF
MELBOURNE ' '

\

\
« Production in separate hemispheres. fragment\atlon C \
particles /\J

o Charge measurements based on vertex

and particle ID information. tagged b hadron “ U hadron S neutrino
o Excellent flavour tagging hinges not only on %’ -
the vertex detector performance, but also N
from the nano beam spot, 5nm in the
vertical, few 100nm in the horizontal. ILD Interim Design Report
arXiv:2003.01116
> | | o 1 | | | - o 1
= 0.8 —IDR-L B § ”—D i §
Cj). : : e e bbkg IDR- L o i -
X i | 510" E L bbkg. DR 55 A 4 510"
> O : : O
@ 06 B — @)) - 4 O)
S| I <SP | 2
S—j I i R LI e e A e 1 o« 0°
= i ] m : m
Pogt \ - O s s -
. ta— T -3 L& ... ,,,,,,,,,,,,,,,,,,,,,,,,,,,, R -3
- €6 =TT | 10 -}-uds bkg IDR- L - 10
[} - R 5
Vs =500 GeV _ ! - uds bkg. IDR-S -
Y 3 JEN R RPN SR R -4
-2 | ' 107 10
0 T 0 ) O 02 04 06 0.8 1
1 Ctag rate
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il |
By
T

IP PhD S. Bilokin

: ||_D 6q,\F _5ooeev i

I +cbkg IDRL ch Vvv:
5 e v

+uds bkg IDR- L :

- uds bkg. IDR-S -

0.2 0.4 0.6 0.8 1
Btag rate
11



B4 Top mass measurement

« The top quark mass is a key SM parameter for precision tests at ILC.

Cross section scan method

YYYYYYYYYYYYYYYYY

tf threshold - 1s mass 174.0 GeV 1
-— TOPPIK NNLO + ILC350 BS + ISR 1

| — Simulated data: 10 b /point :
- — Top mass=+ 200 MeV -

O
(o4

e Mass best determined via cross-section scans.

Cross section [pb]
o o
BN »
I T L

« FCNC expected sensitivity: 95% CL BR(t—=Hc)~3x10-5 and BR(t—yc) ~ 105

EPJC 8,

: " 0.2 2530 (2013) -
(Can we probe direct CP quantities?). ) 2019)
O g g ). a g g e g
345 350 395
ISR running top mass method Nominal CMS energy [GeV]
PRD 97, 116012 (2018)
..................... : gy T T T T - 35 —, . . . . . . .
130 % e*e - tly, ILC, Vs=500 GeV ) CLIC optim?ztelg ——
(175 a e ——
1781 = 30} arXiv: 2103.00522 '-Coptimzed ———
: Y FCC optimized ——-—
| * Meta-—stability o — 25|
> g >
2 | =.170 = o
< | EG. ~ Current — . ] >
= 1745 Value i | Total uncertainty | - 02 20 }
_300 2t ! : [ Theory uncertainty \\:
72 1 —1LCc3 165F L S 15
. Y Prediction (R-evolution)
—-1000 = . I ]
170 e ey S
120 122 124 126 128 130 0 50 100 150 1060750 200 250 300 350 400 450 500
my | GeV R [GeV] Luminosity [fb"]
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eLeR l tt, bb R. Péschl, EPS 2021

| | arXiv: 1709.04289
« Polarised beams allow to separate the 4 different

chirality combinations LeLb, LeRb, ReRb, Relb. act__ | ¥10°
1_. _I T T T T T T T L T T T T T I_ ‘—. 40 ™1 I = ] T T l T1 l T 1 \ 1 I T I 1 ' ] R
: ‘ S BE e tt @ 500GeV i 2 'a
« The 4 modes can be differently influenced by NP. o [ €% e L& 2 350 e~ 1@ 500GeV -
-E' o0 [ LO EW matrix element - Whizard 1.95 -g-'w i -g - LO EW matrix element - Whizard 1 95"" ]
LL] - —%— IDR-L 5 3 \ w 30 —ipRL "‘ N
9 10 = = -+ DRSS ..;‘:"H ] o5 [+ IDRS _..f‘r 3
— - . “ 7] 15 - N s
I ILD Preliminary - | o ; o o \
= B 4 Precisions I T - : T ]
% 1L N ILC250, 2000 fo! | expected on 10 - e \ 15E o \
> = ILC GigaZ s cogfﬂments of w : - . :
@) — | EPA 4 helicity AN 10 #’_
— - - ~ Integrated Luminosit K N - . -
: B 7 3n}Pllt3czﬁs 5 B Exa?:t reproduction o¥generated spectra N ;i—-.'* 5
(4 — i — erine ere | Statistical precision on cross section: ~0.1% N = Ny
- ] arXiv: 1905.00220 expressed as IoJs | Stalistical precision on A_: ~0.5% ILD | o ILD
1 O_ E_ —E .th I J _ L R ¢ _I [ | | . | | | | L1 | L[ | L1 l | | | | | [ | Ll l— 11 l 1 1) ll | Ll [ | l | 1 ' | l L1} 11 11 L 111 J | 1 Q
. - with I,J = L,R) -1-0.80.6-0.4-02 0 02040608 1 -1 080604020 02040608 1
B 1 andthe leftand COos0, cosb,
i | right-handed
2 | N couplings of the ¢ (6} 40000 T S E AT W [ B a | b st U] € 65 [, ek 2 B L B N BN N LN B AL BLELELE L
1 O ; ; quark to the Z as % 35000'_‘_ e, ex— bb @ 250GeV, 250 fb™ E % 6000:_ eze; — bb @ 250GeV, 250 fb™ 4;
B _ eXpeCted from a % é ——4— signal + charge corr. -j g % 5000:_ ——+— signal + charge corr. j _:
- — I’Uﬂnlng Of the ILC 30000_— —_— ?ignal+ch. corr. + accep. corr. ‘:5.* o B _— ?itgna|+ch_ corr. + accep. corr. .&t:t +_é
— —] SR UL it ;-_9_-"‘- -—-6-: L 1 o
3 on tne Z_POIe 25000:— pABREENS} _._"9" _: 4000:_ parton level ﬁ+ _:
10 R 200005— a’f E : ﬁﬁx E
GL e A eZ 92 g #‘-& - 3000; *M —:
15000 — s — e -
2 o = +. e ]
. . - = “ L o2
Couplings (notatlon for new resonances) — . - . Riaa :
’ g .‘..ﬂ“fﬂ ‘; 1000:— =
LeZLbZ LeZ'LbZ , 5000 o - - :
LeLb=QeQb+ 2 2 BWZ + BWZ :...,IIIIIIE e
S“WcCc*w S?wcAw \ 0708 06 04 02 0 02 04 o0 8 1 0708 06 04 02 0 02 04 o0 8 1
coso cosb,
ILC250 SM GigaZ New resonances
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« The two-fermion NP operators that affect top and bottom-quark
interactions with vector, tensor, or scalar Lorentz structures can
be well constrained with 500 GeV operation.

Log = Loy + ([\12 Z C;0; + h.C.) + O (A_4)

2
— 10° E
Q\ —
-> = .LEP/SLC+LHC Run 2 .+HL-LHC S1 .+HL-LHC S2 .+IL0250 .+ILC5OO
q) I
I: 10 =
-~ e —_
S i
— 1 -
< i i
tall || I
1072
10" e o Cn C. C C. Cu. C. C
ot Cch Cch tW tB te b bW bB otb
2 <
OS%’Q = % (_ry/JJq SOT’Z,DMQO, O o WI
p) — *
O =V on, T Oaw = yegw qr o"d oW, Oup = qu €p™ @lo,
o : y2? _’Ylu SOT HMQO, OuB = Y9y qot”u @Bw/a Odgo = qd ep” gaTgp,
Ogod = 72 d’}/ d QY ZDMQO, OdB = Y1y E]O”W/d GSO*B/MM
Opud = %t uyHtd ngeiDMgo,

ECFA Flavour Meeting 2022

3.5

2.9

1.5

0.5*

Precision of Higgs boson couplings [%]

Phillip URQUIJO

Electroweak top couplings & top Higgs couplings

Excellent model independent top Higgs
coupling precision through ttH production.

Model Independent EFT Fit LCC Physics WG

x 1/2

B HL-LHC ®ILC250
B HL-LHC ©ILC250 © ILC500
dark/light: S1*/S2*

Z W b 1 CFVth Zy u
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B4 b-physics at Z (a look back at LEP)

Rb = 0.21629 £ 0.00066 . « Large boost of b hadrons ((Ps) ~ 32 GeV/c).
o ’.§ e \Very well separated b (in opposite hemisphere).
1z N -
) < 3 » b hadron energy from rest of event = good calorimetry

and tracking (LEP/SLD ~ 3-5 GeV resolution).

electro-weak O(e,) leading-log QCD

Phys.Lett.B395:373-387,1997

b oPAL 4 b Cigaz100 Bellel 0
z:: Bowler I B+ 7 .108 5.1010 3.10713
ZZZ e BO 7.108 5.101 3.10%1
0 v : B 3.108 6.108  8.10"
Ezz .iCEi:o b-baryon 1.108 1.10712
5"‘;XB_ Eoeam Ao 1.108 1.1012

0 01 03 03 04 05 06 07 08 09 1 Siaazs for

Xwd

reference only
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t=—52 1
+
CDB &
[,h
K-
// >
D° Decay Point
N DELPHI
l A ",
so0 [ B-decay %, B-D cascade
tracks y " tracks
: P -
4000 |- : I '-f';Ll
3000 — :J[J LL'“'-,_l
f L
r'r Ly
’
/// 1000 | v :;"“ H"‘L,_I l -
® B Production Point Dol H“‘Hh

o

_)--t--i—l-—l"l-l|IIIIlIIllIIIlIIIIII]III[IlI
-1 -08 -06 -04 -02 ¢ 0.2 0.4 0.8 0.8 1

BDnet Output

o« b produced @Z decay length L~3 mm

« Db-direction and Lp from vertex detector and tracking —> need good vertex detector, small beam
pipe, small beam spot (nano beam spot at ILC!)
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/ factory

Belle Il & Z factory

D* slow pion tracking efficiency 30-60% >90%

Boost (decay length of a B) 120 ym 3mm
B isolation Overlapping Highly displaced

Low B-frame momentum (<0.7 GeV) lepton ID Poor/moderate Very good
Neutrino reconstruction B tagging Vertex + energy flow
LHCb — Z factory
Flavour tagging efficiency 5% 40-80%
EM showers Pileup Not an issue

Ks acceptance (decay inside tracking) Moderate Good
Hermetic acceptance Forward Barrel/Symmetric

Trigger Finite for hadronic ~100%

ECFA Flavour Meeting 2022 Phillip URQUIJO 17



@7 p.~1.0GeV
o

(@Y (4S) po~0.1GeV

K-t
L. K-t
L K-t 0
RO
Phys.Lett.B395:373-387,1997
.. 02
9 (a) ALEPH
QO -
2 0154
¢ —]
- . |
s L 4 ¢+ ¢ +—4
0.1-
1 A __-- O ______. Q_____._
] Q- S ? 0T O -
0.05 -4 S U Ve Vo PR
i 0 -+ 0 Y S S 0 0 - I+
D —Kn oD —Kmnamn YD —Knmx
O+———T 71 71 T T
1 1.1 1.2 1.3 1.4 1.5
2 2 2
.« M=+ Mpx— g
Efficiency w=-B8_2
QmEmD*

ECFA Flavour Meeting 2022

Belle II: B—=»D* | v experiment precision limited by
efficiency in low hadronic recoil region. (Used in a variety
of analyses beyond Vxp). Limited access to Bs.

LHCb: Model dependent, does not calculate absolute BR.

/-factory: Efficiency flat even for slow pions. Good
potential for wide variety of missing energy
analyses due to clean events.

b—clv, |Vel b-ulv, [Vul
B B—D® | v B—o1tlv, B—=plv
Bs Bs = Ds®) | v Bs = KO [ v
Bc Bce—nclv,Be—=J/Ylv Bc = DO | v
Ao No = A | v No—2plv
Phillip URQUIJO 18
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o This Z result is still unigue....

o Belle ll: Challenging for lepton ID at low
momentum and very small separation of Band 1
vertices in hadronic B decays.

o Various b modes with T could be accessible,
inclusive and exclusive.

Eur.Phys.J.C 19 (2001) 213-227

E, - ALEPH o Data E, - ALEPH o Data .
?WO"’a) & b, —IvX Ewozb) % b,e — IvX
= - # Background - - % Background
= = o

o o

L L

o

L

107 ‘ §+
o ] | |

1
—-20 0 20 40 -20 O 20 40
(GeV) (GeV)

@)
']

Emiss Emiss
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SM prediction H—a—H ALEPH

Phys. Rev. D90 (2014) R. Eur. Phys. J. C (2001)

OPAL

Phys. Lett. B500 (2001)

DELE

Phys. Lett. B496 (2000)

S

Phys. Lett. B332 (1994)

6

Z. Phys. C71 (1996)

Average
Phys. Rev. D 98, 030001 (2018)

—ef— exclusive B(B — D + D*rv)
HFLAV2019

Saturated by only the

05 10 15 20 25 30 35 D and D* modes

B(B — X1v)%

BC — T_ﬂg

fsg, = 427 = 6 MeV (McNeile et al. 2012)
fsg, = 434 == 15 MeV (Colquhoun et al. 2015)
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« CDF (February 1999)
e Sin 2¥1= 0.79+0.41 5 44
e From 400 B—J/y Ks

« ALEPH (November 1999)
o Sin 2= 0.82+0.841c  Phys.Lett.B 492 (2000) 259-274

e From 23 B—J/Y Ksin 4 million
hadronic Z events.

Very clean, could be competitive with a B factory

Belle II: Tag side vertex resolution and signal At AL
resolution (both limited by lower boost).

8 6 4 2 0 2 4 5 min)
LHCDb: Lower Ks acceptance (factor ~10 reduction) Giga-Z time dependent CPV: (
and high dilution in b-tagging. Good timing resolution, flavour tagging,

vertex separation.

ECFA Flavour Meeting 2022 Phillip URQUIJO 20



GigaZ(+) channels

Difficult to say what open questions we will have after Belle Il and LHCb mid 2030s.

e There may also be more to exploit on polarisation.

Missing energy and semileptonic

Inclusive Exploration of B¢, Bs, Ab

Complementarity to LHCb and Belle Il

New observables

ECFA Flavour Meeting 2022

b—s 1tX, b—c T X, b—VvVv X in b-hadron decays
(not just B). Excellent b/c/tau vertex separation.

Explores a relatively new areas. No trigger effects, allowing

exploration of full decay width.

Flat efficiency in Dalitz space (see slow pion example) - high

No doubt the detector and Z-factory environment makes for an excellent B-factory.
(The question is about luminosity at that region ... a TeraZ would be amazing)

precision strong phase measurements in ®s.

Good for inclusive measurements via sum-of-exclusive.

Lifetimes in rare decays, Time dependent CPV in a

variety of mode with neutrals.

Phillip URQUIJO
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B4 Beam Dump or Far Detector Experiments?

« Interesting potential for dark/hidden
sector studies over a very broad mass

yoEYTIVY
A $93.2km Damping Ring Sy PSHYRK
° ° hall I T approx. 3.2 km in circumference -
RTML
range with satellite facilities. N — — o
B 7 ectron Accelerator
Electro’n?Gﬁ - (7/ d BWHST Positron Source
r "/ « pam Delivery System
MR PR MR L
Beam Delivery Systém Ef% #920km
22 m BT TG 4% s approx. 20 km in length
% 8 h0:E 35 D¥ctors (ILD &JiD)
J Positron Accelerator
-2 75IVE Beam Dumps
ILCINE SR DS RLIRZUE
) st Schematic illustration of ILC
arXiv: 2009.13790
ldump lsh i Far Detector
€ > € : > € >
Muon shield Decay volume Detector
Beam dump .
€ """"" > — II”det k e.g. FASER, GAZELLE, MATHUSLA
A AN 20 2@ TR e———— . . ......._._ > \* —- . e,
> 2

n HCAL
FCAL ECAL IP
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B4 Beam Dump or Far Detector Experiments?

AN Super: i
symmetry

e Interesting potential for dark/hidden . e,
sector studies over a very broad mass .\ ) o
range with satellite facilities.
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RTML Science
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B4 Conclusion (top and beauty prospects)

o« |LC - IDT has submitted a pre-lab proposal for the ILC.
« Anticipated 4 year pre-lab phase.

SOO I I 1 I | 1 I I I | 1 ' I I |

« 3 main stages currently planned: 250 GeV, 350 GeV, 500 GeV. .

» Polarised beams. 100

W
o
T I A

o Possibility for GigaZ operation, and for 1 TeV.

CEPC \\250 GeV Higgs Factories

o \
i ‘ A
: | \| ILCL upgrade (Nbunchx2)
| | \ o :

% LCbaseline — — —— ¢|)c

\

[
o

e« The target is to search for NP through precision at high energy:
in addition to heavy flavour Higgs couplings, there are
excellent opportunities to study EW couplings of heavy quarks.

Luminosity 10°* cm2 s
N

| 1 1 1 1 | 1 1 1 1 |

. . 0 | l 500 1000 1500
« The flavour and low energy new particle program is more

nascent but could help inform detector and accelerator
requirements.

Center of mass energy GeV
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Machine parameters

Quantity Symbol Unit Initial L Upgrades Energy Upgrades
Centre of mass energy NE GeV 250 250 500 1000
Luminosity £ 1034cm 25~ 1.35 27 /54  18/36 4.9
Polarisation for e~ (e™) P_(Py) 80%(30%) 80%(30%) 80%(30%) 80 %(20%)
Repetition frequency frep Hz 5 5/ 10 5 4
Bunches per pulse Nbunch 1 1312 2625 1312 / 2625 2450
Bunch population Ne 1019 2 2 2 1.74
Linac bunch interval Aty ns 554 366 554 /366 366
Beam current in pulse Ioulse mA 5.8 5.8 5.8 / 8.8 7.6
Beam pulse duration fpulse IS 727 961 727/961 897
Average beam power P, MW 5.3 10.5 / 21 10.5 / 21 27.2
Norm. hor. emitt. at IP Yex f4m D D 10 10
Norm. vert. emitt. at IP YeEy nm 35 39 35 30
RMS hor. beam size at IP or nm 516 516 474 335
RMS vert. beam size at IP o, nm 7.7 7.7 5.9 2.7
Luminosity in top 1% Lo.o01/L 73 % 73% 58.3 % 44.5 %
Energy loss from beamstrahlung  dpg 2.6 % 2.6 % 4.5 % 10.5 %
Site AC power Piite MW 111 138 / 198 173 / 215 300
Site length Lt km 20.5 20.5 31 40
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