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| Two fermion processes ILD ED

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

P These processes have been deeply studied at STANFORD LINEAR ACCELERATOR CENTER
LEP/SLC at the Z-pole .
CERN-PH-EP/2005-041
SLAC-R-774
® Very comprehensive physics program at Z-Pole 7 September 2005

® no access to the y or Z/y interference's (“cleaner”
access to Z-couplings)

006

)

B ) . < Precision Electroweak Measurements
e | EP: “Moderated” quark tagging and/or charge =
iy I~ on the Z Resonance
measurements capabilities &
® SLC: “Moderated” statistics =
® Also moderated angular acceptance of the detectors $
,1 The ALEPH, DELPHI, L3, OPAL, SLD Collaborations,’
E the LEP Electroweak Working Group,’
5 the SLD Electroweak and Heavy Flavour Groups
o gX g}f 5
SM LedZyg
= — T

xdr (s —my) +imyL,
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| Motivation: LEP/SLC tension ILD

p Current LEP & SLC best sin’6’_, measurements show

ol

tension Asy —— 0.23099 + 0.00053

i i H . ) e 0.23159 + 000041

® This measurement is the one with largest tension il S ——

4 H o LS s ) R
with the SM fit.

Ay v 0.23221 + 0.00029

e SLC: sin?@'__ »from Left-right asymmetry of leptons b

i 0,23220 + 0.00081

. in20/ - hac
e LEP: sin’@'__from forward backward asymmetry (b %J T
quark)
. Average 1 0.23153 + 0.000186
p Heavy quark effect, effect on all quarks/fermions, no 39 ﬂ Np—
effect at all? bl I
=
)
The resolution of this issue requires improving the the ~
measurements precision an order of magnitude E i R
1 _ w8 m= 178.0 + 4.3 GeV
0.23 0.2;32 iant 0.2;34
. o lep
sin"0_g

Per mil level of experimental precision is required
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| Motivation: BSM 2’ resonances [E2] s

» Many BSM scenarios (i.e. Randal Sundrum,

compositeness, Gauge Higgs unification models...) dgl/gl |
predict heavy resonances coupling to the (t,b) doublet 2 Ll
and also lighter fermions (i.e. ¢/s quarks) .
20%+
e BSM resonances tend to couple to the right ICheeEn
components. 10% + -
® Only coupling to (t,b) doublet R i =7 SM
: : —— - : — ——— —— dgl/g’
» Peskin, Yoon arxiv:1811.07877 -330% -20% -10% 10% 20%
> Djouadi et al arxiv:hep-ph/0610173 gﬁf;:gﬁvza;tners‘_lo% T
. . : lttle Hi
® Coupling also to lighter fermions 5D 2 SRR ése,t;ggs CoAISUE
= 0 with custodia
» Hosotani et al arxiv:1705.05282 arxiv:2006.02157 composite top

Figure from F. Richard

Probe such scenarios require at least per mil level for experimental precision
tt/bb/cc/ss/.. Can we do it?
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| Gauge-Higgs Unification Models ILD D

P The symmetry breaking pattern is different than in the SM .

. . (ee*—>bb)
and features the so-called Hosotani's mechanism. S———r5 e
: : . 4 SR S o OSSN WO SO S W S S
P Only one parameter, Hosotani angle , determines the projection of 45§ - ;‘L) N 4

the 5D fields, fixing all physical effects:

do/dcose [pb]

e KK resonances of the Z/y with mkk~10TeV
® Modifications and new EW couplings/helicity amplitudes.
® Already visible effects at 250GeV

As Benchmark, we will use the [Funatsu, Hatanaka, Hosotani,
Orikasa, Yamatsu] models:

> A models. —1I I I—0.8I I I—OSI I I—04I I I—0.2I - 0 = I0.2I I Ilf).4—I I Il'J.ESI I IlfJ.8I - 1

900fb-1; 250GeV coso

® (arxiv:1705.05282) tuned to fit LEP1and LEP2 data
® 7' mass 7.4-10 TeV

p B models:

® (arxiv:i2006.02157) tuned to fit LHC data non observation of Z'
® Z'mass10-13 TeV
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| Observables ILD

P Quark (fermion) electroweak couplings can be inferred from cross section, Rq and forward backward
asymmetry AFB observables.

0_ _ Quark identification. No need to
Rq—qu/Fhad(Z pole) — P measure an angular distribution

SR =0,./0,44(s>Z— pole) (but possible)

Z/y d6
N ’ dcos® T
/ Angular Distribution.
Nr — N Quark ID + charge measurement

Nr + Np (quark — antiquark disentangling)

Normalized & differential observables are highly preferred:

to control (remove) systematic uncertainties
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ILD-PHYS-PUB-
2023-001

(to appear soon:
on the last stage of ILD

approval)



ILD
ILC250, 2ab"’

P, .(-0.8.+0.3)

P, .(+08,0.3)

Full simulation (realistic detector model)

backgrounds including beam induced one¢

ILD-PHYS-PUB-
2023-001

(to appear soon:
on the last stage of ILD
approval)




| Preselection

p Topology: 2 back-to-back jets (pencil-like
topology)

» Preselection aiming for high background
rejection and high efficiency.

P Main bkg ee~» Zy(radiative return through ISR)

® ~x10 larger than signal

e ~90% of such ISR photons are lost in the beam pipe
> events filtered by energy & angular mom.
conservation arguments

®* The remaining ~10% are filtered by identifying
photons in the detector (efficiency of >90%)

® PFA detector!!

P Other backgrounds from diboson production decaying
hadronically are removed with extra toplogical cuts.

ILO &3

35:1.4 LI IIIIIIIIIIIIII IIIIIIIII LILL L LI _ID
% =1 -
L ]
1.2 —+— X= signal b-quark I

i ---4--- X= signal c-quark ]

L —}— X=signal uds-quarks -

1= —— X=bkg rad ret —
0.8f- -
- e . — B :
0.6 .
0.4 .
0.2f -
ol ! Loyl | Lol | | Loyl

1

0 01 02 03 04 05
photon veto & acolinearity

&m, &y, culs
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I Double Tag Method : minimizing flavour tagging unc.

p Compare samples with 1tag vs 2 tags (after preselection)
p Assumptions

® Minimal contribution from the backgrounds (next slide)

® the preselection efficiency is the same for all flavours (seen in previous slide)

__ arbks.
f1u(cos 6) = N,(|cosB|) — N, bk(|cos9|)
2 x (No(|cos8]) —Ny™* (|cos 8]))
N, (|cos 0|) — NZ*& (| cos 6
i+ (cosgy _ Nallo030) N (s

No(|cos 8]) — N*& (| cos 6])
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LD E3

| Double Tag Method

. L NO, N1, N2
Minimal contribution from the backgrounds

for e+e- > bb

green and gray histograms

L 10F ILD 107 ILD x ILD
ﬂ'.l U'_I Eﬂ-hIIIIIIIIIIIIIIIIIIIIIII TTT T IrlllrlIIIIIIIIIII
o 60 o M
N, distribution = - [M distribution = N, distribution i

—bb [= - —bb [= —bb =
- ® b (e & - ]
49T q=uds - |45 g=uds 15 | |09, q=uds ]
[ Aad. Aeat. C |CTRad. et [ Rad. Rat. =1
Eww L |EEww = 7
ElggH 40 - [CggH ClggH 1
£L L s B i T
—_'_‘_'_'_'___,—-—- R -
an E 10 —
a0 - o i Preliminary 3
5 Preliminary =L il
- F L
10 n 4

u LT PP PP PP PP PP P TRV T e e 1 b iy il
o 01 02 03 04 05 06 07 08B 09 1 o 01 02 0.3 04 05 06 07 08B 0.9 1

[cos 6] lcos o) lcos o)

ee" — bb ge” — bb
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| Double Tag Method

p Compare samples with 1tag vs 2 tags (after preselection)

fi,=6R,+& R+, (1-R,—R,)
fzb:‘gi(l"'p)Rb"'fgc\ch"';;j(l_Rb_Rc)

/

Measured !nputs (MC or
observables independent
measurements)
PHYSICS!

Indirect observables

Similar set of equations

for the c-quark

ILD D

solved simultaneously
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| Ssummary Rq ILZ

B’? SDE"'1""I“"I""I”"I""]””I"“I""“_’Q ?100:"'\"”1""I“"I""I"”] "'I”"I""II!_’Q

p Flavour tagging efficiency will be measured & :z: g ER 22: RSy E
* Not estimated with MC I o T
30 - . = ] 3 60 |- - " f

e Per mil level reachable because the .t Preliminary ' b Preliminary E
contamination from lighter quarks is minimal 20f aof 3
and the tight IP constraint 3 ] E3 E

10F = 20F =

» Fully differential analysis !! sE E 10f ;
o Bt b b e b b 10 3 ) ZEETARTETA FRTEY NP FYSTIRTETE FUTHI FRTT] FRUTIRTET:

» Rb and Rc measured at the same time T el O AR 03 AR AR T e ol
e No assumption needed in Ruds L T————— D SN ——————

. . 09F =+ P..-08+03) 3 T 09F =+ P..(-08.403) 3

p Per mil level stat. Uncertainty opf T Pet0803 E opf T Pe08-03 E
“E —— Double Tag Method E E —— Double Tag Method 1

. 0.7 E_ ------ MG cheat _f 0.7 E_ ------ MC cheat 3

» Comparable/lower exp syst. uncertainty sk ‘i ] sk E
oF Preliminary 7 : E

e Dominated by flavour tagging and followed by ok ] £ Preliminary E
angular correlations 0k o 0k E

02F E 02F =

(R —f 0.1 E

DEIIIJLJIIIIIlJIIIIIlJlJIIIIIIJlJlJlIIIIIJlJIIIIJ: D:ln\||nJanl\||Jln||\uulululluullulu\njE

o0 01 02 02 04 05 06 07 08 09 A1 0 0102 03 04 05 06 0.7 08 09 1

ee* =¥ |COS B' ee* - bb |COS B'
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| Jet charge 1L E

P We start from a very pure & background-free
double tagged sample

» We are required to measure the jet charge - -

e Using K-ID and/or full Vtx charge measurement

® K-ID is better suited for the C-quark (Vtx is better / =" %
suited for b-quark) D am

P We use the double charge measurements

e To control /reduce the systematic uncertainties
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| High Level Reco Challenges: Particle ID

e e orbeess LD a0 e ez 1L
200 T : ; :035 7 ) F!‘iﬂP“g'° ] :. 18 [T T T T[T T T T[T T T T[T T T[T TT I [TTT] o'rRih‘Prégjrés‘s

n H ] o 3 3
g " ILD | = #/K, dEdx ;]] : © erLu
< 1 IDRL| « 7/K, TOF100 03| : 16 |
5 15.0- | = 7/K, combined |, 0.95 3 : 14
& = K/p, dEdx r \.I - i 3 1|_
1] . - ] i -
8 :* +?* K/p, TOF1_00 02 _ - LI1
W 10 0: , combined | - I-L g 10 |- ..L1

Ul = - : :

' 0.15 8 |
01 LI'I Secondary; Tracks in b-jets E 6 ]1'1 Secandary. Tracks.in.c:jets
. — pions - 4 P JJ_.J'"‘H 1'1_1"'-. — pions
— kaons : uh — kaons
‘Tmegm 0.05 I.LLLL‘ — protons - 5 h — protons
: Thy
HL"""- ¥ g
Lo T T ] 0 et b"";:g“* T ¥ PO I A 0 I A P e .
4 6 810 20 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 &0
Momentum (GeV) momentum [GeV] momentum [GeV]

P For AFB measurements we are required to measure the jet-charge
P Therefore we are interested in a high power of K/pion separation
P Possible solutions: using TPC-PID and/or TOF » Yellow points

® we are interested in “high” momentum tracks (i.e. dEdx!)
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| Efficiency / Purity of K ID - dEdx ILD

dE/dxexp — dE/de:BB)

Kaon ID Eff/purity per reconstructed secondary track AdE/dx—K = ( AdE Jdx
exp

Minimizing the dEdx distance with the theory curve

oy L oo = cT ILD o xd ee’ - bb ILD
: _IlllIIFIIIIIlII||ll||ll1||||l|||ll||1_'-'t : Fllllllllll-ll|||l||||ll|||llllllll||
@ : w14 Preliminary
60 |- imi 3 - ,.
o e Preliminary ; oiob Wl
50 kaons J N
Ju I
: protons i B
ot B ; :
: A 0.08 -
e E 0.06 |-
20 - m 0.04 |
10 = 0.02 |-
{] ™ ’ o il H - {]
A0 8 B sk 2 W 2 4 .6 10 10
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| Efficiency / Purity of K ID - dEdx

Kaon ID Eff/purity per reconstructed secondary track

Using a simple template and chi2 minimzation

LD E3

ge’ —Cct ILD ee* — bb ”_D
B'E' 1 00 1 | I I 1 | ] l | | T l | T I I | ] 1 I | : ‘a'_QI 1 00 : | I | I | I I I 1 I | I | 1 I 1 1 I 1 :
= 1 Tk :
a ERE - 1 :
Preliminar E 70 o g
¥ : - Preliminary -
E 60 E
sof All secondary tracks B 50 = All secondary tracks ) e
— Ip,, >3 GeV 3 - — Ip,,|>3 GeV ‘ ]
40 = 40 | {1
30 = 30 3
20 *Woming Point _E 20 *Working Point _E
10 3 10F 3
0 1 1 [l I 1 1 1 I 1 1 L I 1 L 1 I 1 [ 1 I [ : 0 : [ L 1 I 1 | 1 I 1 1 1 I 1 1 1 I | 1 1 I 1 :
0 20 40 60 80 100 0 20 40 60 80 100

Efficiency [%]
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| Double Charge Method (€] ™ |

p Double Tag + Double Charge

® Both jets need to have a charge measurement %10° ILD
compatible with the 2 quarks back to back L e

. -
scenario = - **]
) ) ) @ L ¢ Detectar Level {true-MC charga) o -
P Double mistakes are unlikely but still not st [ }  Detector Level {wio charge correction) os ]
negligible and lead to “sign flip” » migrations - $  Detector Lavel (w/ charge corraction) 3 .
- g =
2 il 3
15 [ B 1
I = i
. B O B
BSM or simple i Prellmlgﬁ’ry i
migrations? 10 o* A
; K = 1

~__ -

~ L e .
~_ - 5% -
A :+.+HH;;;E :
;D;Dﬁulslll” AR SR R s

- - - - - - D
Red shows the distribution withtout sign correction. e e are Rt e e e e

P 1] cos B
P, .=(0.8,+0.3) | Lum = 900 fb"'

Gray is the parton level distribution
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| Migration correction ILD E3

P Migrations look as “new physics” » we need to correct them

¢ Using data: double charge measurements with same and opposite charges (see back-up slides)

e We measure the probability to reconstruct correctly the charge (P) and use it for correction

e DATA DRIVEN METHOD - non sensitive to fragmentation modelling.

e 8'—3'100 AR RAARY RALAN LLLLY LARAN LLLLY LALAI KLY ""!"D:
8 EXd; 3
= Preliminary - o’ gof - R
6 = _ 70E i R
4= B 60 F Preliminary 5 »> Pchg limited by
e DU e oF E vertex
= F e 405_ e method 3 reconstruction
0 Lf-'- ibiaslbEsitiaelias g gm_e‘(hé’g 03 g efficiency,
-1 -0.8 -0.6 -0.4 -0.2 V- Pre=(+08,0.3) E Particle ID
20 - efficiency and BO
ee* — bb 10E 3 oscillations (b-
F (-0.8,+0.3) | Lumm = 900 g | | | o o | I quark case).

0 pa b e Lo oo e bl bl
0 01 02 03 04 05 06 07 08 09 1
cos 0

blue shows the distribution after sign correction. e’e’ - bb

Gray is the parton level distribution
IFIC A\
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| Migration correction - cquark case

10

L

@1OD:IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII IIIIIIIII ) :
o geacqza-do- s =
& 90 E =
5 o ]
Q- 80 =
70 £ =
so|E Preliminary 3

. c-quark .

50 e -

L ee —Ccc .

= Vix-method 3

40 o K-method :

-~ ——— P,.=(-0.8,+0.3) E

VE P,.=(+0.8,-0.3) ]

20 =
= =

D :I L1l I | | Liil I Ll I Ll I L1l I Ll | Lil1l I L1l | | I:

0 01 02 03 04 05 06 07 08 09 1

ee = ¢t COS 9

entries

x10° ILD
L L L L L L B R 0
g + o
C ¥ ] -E
6 £ i Detector Lavel (trus-MG charga) #* 7 O
B + Deatector Laval (wio charga corraction) ]
5 B $ Detector Leval (w/ charge corraction) @ ii
- Q‘ B
B & 4
4r- - -]
E s 2
- - -
5 - 4
af o 3
L - J
L - J
- - 4
2 2% H
L - J
& - 4
F g ]
- -e-&"“ 7
[ &% ‘.‘1
¥ T [ 0 1 [ 1 I T T T ST A B (0

-1 -08-06-04-02 0 02 04 06 08 1

g8 —ct cos 6
P,,.=(0.8,+0.3) | Lum =900 fo"'

ILD ED

=1 ”_

TIT [T T T[T T T[T T T[T I T[T T[T T [ Tr [T oI [rrig

E *% 1
3 o # + —
C Detactor Leval (true-MC charga) ]

B + Datecior Level [w/o charge correction) * ]

2.5 B '*’ Delecior Level (w/ charge comrection) 4 $—_
F # ]
2f e
C +* =

L - i
151 & o
b et ]

k- ‘+ i
1 il &

L - 4

C -~ ]

-

05 - i
E e +

0 P T [ A S [ A S 1 A 0 A |
-1 -08-06-04-02 0 02 04 06 08 A1
cos @

ee —cC
P, ,.=(+0.8,0.3) [ Lum = 900 fb"

Minimal migration effects

(and corrections!)

A. Irles | 8th June 2023


http://webific.ific.uv.es/web/
https://aitanatop.ific.uv.es/aitanatop/
http://ific.uv.es/~airqui/
http://ific.uv.es/~airqui/

| Result and fit LD EA
ILD

«10° ILD <107
. . . . .g :[ll'l'l III'I T [|I1'I [ll‘ | T fl'l'l T l[l'l T [II'I'l l[l— .30_14 F TT | [Il'l'l [[Il TT [I'I'I [[ll'l T fl|11 [[I'I T [ll i
p Efficiency and charge miscalculation oo 1 ]
. . @ o — : E 0. p= — . —
corrections » comparison to parton level i Whizard 28.5L0 ] : Whizard 285L0 1
oo b —+— Reconstructed and corrected b o1k —|'— Reconstructed and corrected ]
P At least 4 observables for AFB at ILC250 P fito reconstructed ] [ fite reconstructed ]
H L - 0.08 - -
per energy point 0.45 [ oy ]
[ Preliminary ] Preliminary ]
. . - R 0.06 —
® 2 quarksand 2 polarisations (eLpR, eRpL) o1k c-quark E I c-quark, eR 1
i 0.04 -~ .
al 1 oeef =]
P Per mil level statistical uncertainties N T TR TR TR Tt A TP N e e T PP PO W AT TR T AT
I’eaChab|e fOI’ the homlna| ILC250 program —1L —O._B -06 0402 0 02 04 06 zss B‘I —1‘ —O__B -06-04-02 0 02 04 06 2;35 B‘I
51.:(:0?;1‘0.3) |Lum =900 " gi.:(;g.%.-a.s,\ | Lum =900 fb”"
p Comparable/smaller exp syst. 108 ILD ILD
H M L -l =L I L DL B L LI BRI B L w0 HE AL ILELL ILRLL B B BLELELE IR B UL
Uncertainties e 0er 12 ,E A
£0.18 & 2 F 1
. .. . . « F — Whi ] LE o — Whi ]
® Preselection efficiency (radiative return oapf | LReero E gsf T WheA28sLo E
| f ” d b | I + Reconstructed and correcled E F —f'— Reconstructed and correcled ]
remolva ) followed by angular 014f i o roconsituted 3 30F . fitto reconstructed E
correlations 012 reliminar 3 E oy 3
o1 b-quark eLy E o Preliminary :
F ’ ] 20F  b-quark, eR E
0.08 - — F 4
; ] 15 =
0.08 — “Far N — 1ok AFBL, o]
0.04F s 005 02 o) : ke masor s
do E AFEE, oA 5E AFB! 3
—  =8x (1 +00328) +A x cos 8. . Arp, 0% 02 ()% . B Tsatre 3
dcose i S T T NS N NS TS R oo b b b b b b b B 10009
-1 08-06-04-02 0 02 04 06 08 1 -1 08-06-04-02 0 02 04 06 08 1

cos 0 oo cos B

e'e" — bb & bb
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| Results - ILC 250GeV baseline LD ED

ILC250 2000 b |LD

3 C m

A (g - —_

> - - P,..(-0.8.+0.3) —e— Only stat. unc. .

C - -

'}E 1.2 — P..(+0.8.-0.3) = w/o TPC kaon ID —

3 - -

ILC250 = -
o o Preliminar m

2000fb-" S s | y =
L) [~ .

o - .

— 06 p— —

2 - .

) ::. _:

D = —

Cc
C FB I:ll'::
. . . . Methodology applicable to
p More than one order magnitude improvement over previous experiments Gigaz, 500GeV and 1TeV

» 8 observables per energy point but with almost no radiative

return backgrounds at GigaZ

p The TPC plays a key rol (already with the traditional dEdx approach).
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Beyond the ILD
note:

exploring the full
potential of the TPC-
PID




| Maximizing the usage of the dEdx 1L E3

P In the baseline reconstruction dEdx is only used e'e* — qg mc-2022 (250 GeV) Preliminary results ||LD

for the charge measurement <% ! o A N P I
G - - - J. Marquez, LCWS2023
. . >
P We implement an adaptation of the default =
flavor-tagger of ILD (LCFIPIlus) to also use dEdx a
. . X : :
information ©  All Categories | "
3 80 [ , ................... , ................... ........................... '," ........... i ‘_
. u : " : : : o - i — default : : :
e Still a “classical” multivariate analysis tool O 75 Eoi et s trad, dEd o
. . = i ----default + dNdx : 5
® More advanced techniques are being 70 e el FiD R e N
de\/e|oped (Check here) 65 Fmn ...... With ISR-removal........... I .......... \ S

szchNuds

1.04 S I ................... I. ................

1.02

New/Def
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| Pixel TPC » from dEdx to dNdx

P A pixel TPC seems a realistic possibility >

® Check here and here for more info

P First estimations show that a improvement on
the dEdx resolution from ~5to ~4 % is possible if
we use cluster counting (i.e. dNdx)

P This improvement would translate into a 30-40%
improvement of the K/Pi separation

® Check here for more info

P dNdx reconstruction is not available in the ILD
software (yet)

® we estimate its impact on the analysis by
“artificially” increasing the separation power
capabilities of our discrimination variable.

40

30

x10°

eet - cC

L B3

ILD

— kaons

— protons

J. Marquez, LCWS2023

— Nominal dEdx o
=== Estimated Cluster Counting dNdx

— pions
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| Pixel TPC » from dEdx to dNdx

—_
o
o

New/Def
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e'e’ — qq mc-2022 (250 GeV) Preliminary results |LD

— default _ :
— default + trad. dEAX ™7 X
--=- default + dNdx

--=- default + ideal PID

: . With.[SR.remoyal...... ____________________ __________
szl\{c:Nuds

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

SN D D R RN
—_— T _— ] J. Marquez, LCWS2023

c-quark efficiency (%)

—h

Purity [%]

=

...... Ip, >3 GeV, default dEdx
— Ip,,|>3 GeV, Cluster Counting approx.

A Working Point

20 40 60 80 100
Efficiency [%]
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| Potential improvements

ILC250 2000 b
color coding fill coding
| Bl r..(-0.8+0.3) [_]w/o TPC kaon ID

ILD baseline PID
ILD with dNdx

L P, .(+0.8,-0.3)

Preliminary

total relative uncertainty [%]

R. R R,
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Beyond the ILD
note:

ILC500GeV




lILC500 GeV L E3

> The setup of the analysis is the same current ILC run plan: (basis of projections)

(some) Differences: JE' 4000 __.‘ oo e e | mit e b -; R e e e ]
= :ILC, Scenario H20-staged:
» Higher momentum of tracks (including kaons £ 3000 [ eoM 235068y |ty
and pions ) 8 L. —— ECM =500 GeV
g 2000 C e
®* \Worst kaon-pion separation even with dNdx = - 3
3] i 3
i - i © o B 3
P Higher contributions from backgrounds 5 1000 2 5
+— B E E
.ttbar = 0' |_I m.l/..ll.
) 0 5 15 20
* WW becomes dominant for eRpL years

. _ . . 250 GeV: 2 ab-1, 500 GeV: 4ab-1, 350 GeV: 0.2 ab-1
® This can be solved with appropriate selection

cuts tighter on the acolinearity or thrust also, runs at 91 GeV (5B Z’s) and 1000 GeV (8 ab-1)

® 5 from ~70% to ~50% efficency for the L upgrade: 5 Hz = 10 Hz; E upgrade: extend the linac
preselection

A. Irles | 8th June 2023 IFIC A
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lILC500 GeV

ILC500 5000 b’ LD
color coding fill coding
| B P..(-0.8,+0.3) [_Jw/o TPC kaon ID _

I P,.(+0.8,-0.3)
B /LD with dNdx

Preliminary

total relative uncertainty [%]

R Fa Ry A
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BSM Physics
prospects
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| Discrimination of BSM Models (only with AFB)ILD ES

P [Funatsu, Hatanaka, Hosotani, Orikasa, Yamatsu]

Models A and B.

P Assumption: A measurement of one specific

model is conducted.

® Row/Column combination for comparison.

P The uncertainties are considered normally

distributed
® Significancein o

® P-value: Gaussian at dg

d,

. HAFBtest - AFBrefl
AAFBref

AFB, (e_ef)

PRELIMINARY

B <6
Bxii-2
X |2-3¢
B34

B 450
5-100

>10c

A3 B1 B2 B3
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B5
B4
B3
B2
B1
A3
A2
A1
SM

B5
B4
B3
B2
B1
A3
A2
A1
SM

lILC250 with dNdXx

AFB, (e'LeE)

BX| <
WX 12
x| 230
.3-46
B450
.5-106

>100

dNdx for PID & FT PRELIMINARY

H20, P:(-0.8,+0.3), b-quark Ys=250 GeV
1 1 | |

A2 A3 B1 B2 B3 B4 B5

AFB, (e'Le;)

WX <.
WX 120
x| 23c
B340

B 4+56
M5-100

>100
dNdx for PID & FT PRELIMINARY

H20, P:(-0.8,+0.3), c-quark Ys=250 GeV
| | |

A2 A3 B1 B2 B3 B4 B5
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B5
B4
B3
B2
B1
A3
A2
A1l
SM

B5
B4
B3
B2
B1
A3
A2
A1l
SM

AFB, (e'ReE)

WX <.
Bx 12
BIx| 230
.3-46
450
.5-106

>100

dNdx for PID & FT PRELIMINARY

H20, b-quark P:(+0.8,-0.3), Ys=250 GeV
1 1 1

A2 A3 B1 B2 B3 B4 B5

AFB, (e’Re[)

WX <6
BXx|1-20
PIX|2-3c
B340
B450
M5-100

>100
dNdx for PID & FT PRELIMINARY

H20, P:(+0.8,-0.3), c-quark Ys=250 GeV
1 1 1 1

A2 A3 B1 B2 B3 B4 B5
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lILC250 with dNdXx - combination L E3
AFB, & AFB, (Both pol.)

B5
B4
B3 BX <
BX| 120
B2 WX | 230
B1 B 3-40
B 4-56
A3 5-100
A2 >100
A1 dNdx for PID & FT PRELIMINARY
SM H20, both pol., b&c quarks \s=250 GeV
| | | | | | | |

SM A1 A2 A3 B1 B2 B3 B4 B5
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lILC250 TPC importance L E3

AFB, & AFB; (Both pol.)

WX <
— AFB, & AFB, (Both pol.)
B2 WX |23
B1 W34
B4+56
A3 M 5-106
A2 >10c .X | <l
A1 No PID PRELIMINARY WX 120
SM | H20,|both ,tlno/., bcl?(c qualrks \/§|=250 IGeV | B2 WX | 236
SM Al A2 A3 Bl B2 B3 B4 B5 B1 B34
B 456
AFB, & AFB, (Both pol.) A3 Ws5-100
>10c

A2
A1 dNdx for PID & FT PRELIMINARY

H20, both pol., b&c quarks Vs=250 GeV
| |

Hx| <o
Bx| 12 SM

B2 x| 230 SM A1 A2 A3 Bl B2 B3 B4 BS
B1 W34
B 456
A3 W5-100 _ )
A2 >100 only with TPC we can obtain full
A1 dEdx for PID & FT  PRELIMINARY discrimination between SM and BSM
SM H20, both pol., b&c quarks Vs=250 GeV

oo T T models (and between A & B models)

SM Al A2 A3 B1 B2 B3 B4 B5 IF I C Vh‘
A. Irles | 8th June 2023 GNP PESTIR
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| Polarization importance ILD

AFB, & AFB, (Both pol.) AFB;, & AFB, (unpol.)

B5
B4

BX <

X | <t B3
B3 =X| 1_; x| i-2
B2 B2 WX | 230
WX |23
B1 W34 Bl Wa-do
W45 " B 45
A3 5100 5100
A2 >100 A2 >100
" dNdx for PID & FT PRELIMINARY A1 dNdx for PID & FT PRELIMINARY
o H20, both pol., b&c quarks (5=250 GeV SM  unpol; bécquanc Is=250 Gl

| | | | | | | |
SM__A1__A2 A3 Bi B2 B3 B4 B5 SM A1 Az A3 Bl B2 B3 B4 BS

ILC250 5000fb-! no polarisation

Polarization (over)compensates the extra luminosity

A irles | 8th June 2023, IFIC A
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liILc500

B5
B4
B3
B2
B1
A3
A2
Al
SM

B5
B4
B3
B2
B1
A3
A2
Al
SM

AFB, (e'LeE)

Bxi <
Bxi 12
BIx | 230
.3-46

W 450
.5-106

>100

dNdx for PID & FT PRELIMINARY
H20, P:(-0.8,+0.3), b-quark Ys=500 GeV
1 1 | | |

SM Al A2 A3 B1 B2 B3 B4 B5

AFB, (e'Le;)

WX <o
WX | 120
BIX| 230
W34

B 456
5-100

>100

dNdx for PID & FT PRELIMINARY
H20, P:(-0.8,+0.3), c-quark Vs=500 GeV

SM Al A2 A3 B1 B2 B3 B4 B5

B5
B4
B3
B2
B1
A3
A2
Al
SM

B5
B4
B3
B2
B1
A3
A2
Al
SM

AFB, (e'ReE)

BXx| <
Bxi 12
x| 230
.3-46
B4-50
.5-106

>100

dNdx for PID & FT PRELIMINARY
H20, b-quark P:(+0.8,-0.3), Ys=500 GeV
1 1 1 1 1 1 1 1

SM Al A2 A3 B1 B2 B3 B4 B5

AFB, (e’Re[)

WX <o
Bx| 12
X | 230
W34

B 450
M5-100

>100
dNdx for PID & FT PRELIMINARY

H20, P:(+0.8,-0.3), c-quark Ys=500 GeV
1 1

SM Al A2 A3 B1 B2 B3 B4 B5
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lILC250 & ILC500 L E

AFB, & AFB, (Both pol.) AFB, & AFB, (Both pol.)
B5
B4
B3 BX| <o WX <
WX 12 WX 12
B2 x| 236 X230
B1 W34 W34
B 450 W45
A3 5-100 5100
A2 >10c >10c
Ad dNdx for PID & FT PRELIMINARY Al dNdx for PID & FT PRELIMINARY
SM H20, both pol., b&c quarks Vs=250 GeV SM — H20, both pol., b&c quarks Vs=2508500 GeV
| | | | | | | | | | | | | | | | |
SM Al A2 A3 B1 B2 B3 B4 B5 SM Al A2 A3 B1 B2 B3 B4 B5

ILC250 ILC250&ILC500

We need energy upgradability and beam polarization

A.Irles | 8th June 2023 IFIC A
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| Summary ILD

P et+te- » qgbar in the continuum are challenging analysis
® Require excellent tracking and vertexing, flavour tagging, PID, ...
® Excellent for detector benchmarking and optimization

P A comprehensive experimental study has been performed
®* With detailed assessment of the major systematic uncertainties

(more details in the ILD note to appear soon)

P Requirements for indirect BSM searches (a short list)
® High kaon/pion separation for tracks above 10GeV (aka pixel TPC)
® | ongitudinal beam polarisation
® Energy upgradability

P Excellent capabilities for indirect BSM searches

® Work in progress

A. Irles | 8th June 2023 IFIC A
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| ILD 2D

We would like to thank the LCC generator working group and the ILD software working group for providing the
simulation and reconstruction tools and producing the Monte Carlo samples used in this study. This work has

benefited from computing services provided by the ILC Virtual Organization, supported by the national resource
providers of the EGI Federation and the Open Science GRID
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| Two fermion processes at ILC _ ILd

e b
Z/y
P Differential cross section for (relativistic) di-fermion production o ;

(‘}'f_ f’+ q A 5
d;ozgw 30 —=[(1+¢0s6,)%Q,,,, I + (1 —cos6,)°|0,, .| - &l
! Qi’xfh — Z 2 .
O, +—>q?; N i (S—myr_) —}-Imyr_f'vr_
ERpty B 2
dcos Gq - 327 3o l(1Fcos® ) |Q"R’-’?R| + (1 —cos ) |Q€Rq1| ]

e The helicity amplitudes Q,, contain the couplings g,/g, (or Form factors or EFT factors)

137
e |eft#zright (characteristic for each fermion)

p Only beam polarisation allows inspection of the 4 helicity amplitudes for all fermions

do, - 1 -+ —

e e —qg € €g —qq €r€l —qq
———(P-,P, 0, | —P-P+)— | (1 =P, p)———— 1+ P,

dcos 6, (Pers Peryc0s6y) = ¢ "+)4 ( cff) dcos 6, T+ Fyy) dcos 6,

P, == £
R Vo [FIC A
A.Irles I 8th June 2023 INSTITUT DE FISICA
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| GHU models [Hos et al] ILD

Table 1: Masses and widths of Z’ bosons, ZM), 41 and ZE} (Np =4)
<L
My K T (1) I‘z“;. 'FTL},“] ]._‘,1{1] THZH] FZ}.?“

On
10*
[rad.] [TeV] [TeV] [GeV] [TeV] [GeV] [TeV] [GeV]
0.115 10 | 7.41 6.00 406 6.01 909 2.67 729
6.74 853

0.0917 3 8.81 7.19 467 7.20 992
0.0737 1 10.3  8.52 064 8.52 1068 7.92 1058

A.Irles I 8th June 2023 INSTITUT DE FISICA
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liILC physics program

p All Standard Model particles within reach of
planned linear colliders

p Machine settings can be “tailored” for
specific processes

® Centre-of-Mass energy

® Beams polarisation (straightforward at linear
colliders)

P Background free searches for BSM through
beam polarisation

p First phase at 250GeV

® A Higgs Factory and much more!

current ILC run plan:

ILD 3

(basis of projections)

|1 e s e
i o - i i
= - ILC, Scenario H20-slaged§
> [ —ECM=250Gev
T 3000 | — ECM =350 GV i s g
_g [ — ECM =500 GeV
e |
3 2000 - -
k= e g
(] - =2 %{;
B - =) ©
E 1000 - 1z : SE. ]
(@) = !§ >
2 I € 3
£ B 3 (i

0 ] P

0 5

years
250 GeV: 2 ab-1, 500 GeV: 4ab-1, 350 GeV: 0.2 ab-1

also, runs at 91 GeV (5B Z’s) and 1000 GeV (8 ab-1)
L upgrade: 5 Hz = 10 Hz; E upgrade: extend the linac

Access to e+e- » ff at 91, 250, 500 and 1000 TeV

and 4 different beam polarisation conditions

A. Irles | 8th June 2023
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| ILD highlights ILD

P Linear Colliders favour tiny beam spots

p ILD snapshot

P ILC experiments, as the ILD, will provide excellent:
® Beam IP constraint
* Tracking efficiency (>99%)
® Secondary vertex separation and excellent flavour tagging

p Particle Flow optimized detector with high granularity calorimeters
(>108 cells!)

— e’e" — gq (g=udcsb, E <35 GeV) ILD
(@) dsEITI LA I EE LA T : g o n II”:.Hl = I ‘“”‘lﬂ ' KII””E
= 0.5 [outside TPC = = 0.28 E K .
5;:l'(iFTD ] i 0.26 - -’ E
0.4 |- mmvx — %l'é 0.24 .
0.3 : 922
' 02F
0.2 . 0.18 -
_— ] 0.16
. . o o 01 - ‘ 4 0.14
» High angular coverage with minimum ] S
: O e N | 0.12 -
material budget and PID (TPC) 20 60 40 20 0 N e e
0 / degrees 107" 1 10 10°
/ deg p [GeV]

ILD: Interim Design Report arXiv:2003.01116 IFIC A\
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| (few) Experimental challenges

p B-quark pairs

p C-quark pairs

p High efficient flavour tagging for c-
quarks expected at future colliders

p Charge measurement

® Primary method: identification of
Kaons produced D-meson decays -
K-method (requires PID)

Secondary method: reconstruction
of charged mesons » Vtx-method

PID is mandatory to reach
competitive ac curacies

p High efficient flavour tagging for b-
quarks expected at future colliders

p Charge Measurement

® Primary method: reconstruction of
charged mesons » Vtx-method

¢ Secondary method: identification
of Kaons produced in b-hadron
decays » K-method (requires PID)

PID is very useful

Other approaches involving final
tate leptons are not studied here

p s-quark pairs

e Search of two high energy kaons back to back and with opposed charges.
PID is mandatory to have a measurement

® GCeneral flavour tagging requires optimized tools (including charged kaon
identification) » ML, DNN, etc See talk by T. Suehara

A. Irles | 8th June 2023

ILD

p top-quark pairs... decay before
hadronising

isoffited l§pton
missing energy

lepton ID
tracking

flavor tagging

é 4 jets, isolated lepton

Not covered here but
in the poster session
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| Motivation ILD E3

P ggbar production in the continuum (no return to the Z-pole)

P Many models that predict visible deviations at 250GeV, predict larger deviations at higher
energies.

do _ = do
(eet—cT) S00s0
E T —wa

(eet—c7T)

_ dcos@
T
L cIT I LA — T S— /

SM !

L/

do/dcose [pb]
do/dcose [pb]

T BRI .y
Qe .............. ............. ............. ............. ............. ............. ......... / ...........

ANAE 4. AEAM AT Cose

[ref] Shuichiro Funatsu, Hisaki Hatanaka, Yutaka Hosotani, and Yuta Orikasa. Phys. Lett. B, 775:297-302, 20171FIC ﬁ
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The ILD tracking system

e —

. — -.-—-;.-J-i- _p. 81 J

FID= =t e

Subdetector Point Resolution

VTX Ops. = 3.0 pm (layers 1-6)
SIT 7.0 pm(layers 1-4)

ré,z
SET Oa. = 7.0 pm(layers 1-2)
a; = =7 ° (angle with z-axis)
FTD 3 = 3.0 pm(layers 1-2)
Pixef o = 30pm
FTD O, = 7.0 pm(layers 3-7)
Strip ay = =5 ° (angle with radial direction)
TPC 025 (50% + 9007 sin® ¢ + ((25”/22) x
(4 T/B)®sin 6‘) {z;’cm)) pm?
or = (400” + 80% x (z/cm)) pm”

where ¢ and @ are the azimuthal and
polar angle of the track direction

pESY. Frank Gaede, ECFA Higgs Reco Workshop, 04.05.22

from: International Large Detector: Interim Design Report
The ILD Collaboration, arXiv:2003.01116
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|Analysis chain: preselection -bkil
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| Analysis chain: preselection -bk2 LD B3

Polarisation o, w@Ifb] Radiative Return BKG [fb]
bb cc qq (g = uds) bb cc qq (g = uds)
e €p 4894.4 7068.1 16817.1 21087.0 18865.1 59227.7
epep 1087.4 3006.9 5153.3 128724 11886.2 36410.3

Table 1: Production cross section of the background originated by di-boson production.

Channel O, i sx [fb] Oy el s X [1b]
X=WW — q,4,9:44 14866.4 136.8
X =ZZ - q1q192G> 1405.1 606.7
X=HZ— qqH 343.0 219.5

Table 2: Cross sections at 250 GeV for processes producing at least one pair of g-quarks using fully
polarised beams.
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| Analysis chain: preselection -bk2 ILD

Efficiency of selection for ¢; ¢ — X [%]

Signal Background
bb ¢  qq(q=udsch) | Rad. Ret. ZZ WW  gqgH
Cut1 | 934% 93.3% 92.9% 53.8%  899% 91.3% 93.1
+Cut2 | 80.1% 79.8% 78.2% 1.7% 104% 10.6% 11.5
+Cut3 | 79.7% 79.3% 78.1% 1.1% 98% 100% 11.0
+Cut4 | 68.6% 68.9% 68.2% 0.4% 1.5% 23% 3.1
Efficiency of selection for epe;, — X [%]
Signal Background
bb ¢ ¢ (q=udsch) | Rad. Ret. ZZ WW  qgH
Cutl | 93.1% 934% 93.0% 51.5%  943% 89.6% 93.1
+Cut2 | 79.8% 79.5% 78.4% 1.6% 11.19% 10.8% 11.6
+Cut3 | 79.5% 79.4% 78.4% 1.0% 9.8% 10.8% 11.1
+Cut4 | 68.4% 68.9% 68.5% 0.4% 04%  2.5% 3.1

Table 3: Cut flow for signal and background events.
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ILCFIPIlus LD E3

p Vertex Finder

® PrimaryVertexFinder — tear-down method
® SecondaryVertexFinder — build-up method
p Jet Clustering
°* Implementations of Durham, Valencia, Kt etc
e Uses https://github.com/IcfiplusClustering using vertex information (not breaking vertices, etc)
® Removal of beam jets
p Jet Vertex refiner
® Connects jets and vertices » even accpts jets from external software
® Single track vertex finder
® Combine vertices into jets
p Flavor tagging
® 3-class tagging b/c/g (more categories possible)
® BDT based

A. Irles | 8th June 2023 IFIC A
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Data/process flow

EventStore singleton for data pool

vector<Track *> vector<Vertex *>
vector<Neutral *> vector<Jet *>
vector<MCParticle *>  any other types

» Automatic type identification

(Allow one name with multiple types)
» Automatic creation/deletion

(using ROQOT class dictionary)

Algorithm

PrimaryVertex JetVertexRefiner
BuildUpVertex FlavorTag  TrainMVA
JetClustering MakeNtuple ReadMVA etc.
» Parameters class used

for type-safe configuration

Internal algorithms

A.lIrles | 8th June 2023

All in “Icfiplus” namespace

LEIOD
LCIOStorer

« Automatic conversion from
LCIO to Icfiplus classes
(using hook in EventStore)

* Conversion to LCIO

is manually invoked by
LcfiplusProcessor

configuration

LcfiplusProcessor

* Marlin processor

* Process Marlin parameters
to be passed to Algorithm

 LCIO I/O configuration

Taiflgle[s]eleIgfe [T aNM - < tutorial, 2021/8/1 Marlin
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| Flavour tagging: e+e- » qgbar ILC250 ILD

e'e’ — qq (q=uds,c.b same size samples) "_D e'e’ — qq [g=uds,c,b same size samples) "_D
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cut cut

MC estimations using single jets
Flavour tagging uncertainty modelling could be the dominant source of uncertainty...
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Double tag - bkl
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|dEdx in ILD L E
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Figure 2: Distribution of reconstructed secondary vertices per jet (left) and a total number of secondary
tracks per reconstructed vertex (right) for different quark flavours. In both cases, the plot
includes the pseudo-vertices made of only one track, as described in the text and in [31].
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| Double Tag Method ILD B3
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Minimal contribution from the backgrounds

for e+e- 5 cc

green and gray histograms

X108 ILD

1 | X D

%‘}35— % m_IIP'IIIfllI!lIIF!IIrllII!III!1|r!1IIF1IIF1IIFIIIFL % :IIIIIII!III!'III!'IIII1IIr'IIIrlIIrIIIFlIIIlIIr III_
= [ [W disrbution | ‘= [ [N distibution | FL N ‘= of [N dEbulon =
c F | —eE E L | — ] = S R 3
© 03[ |gmod ® spE  |mmob J—‘ 2 ® sf |mmub =
F |98 g=uds - |[4g8 g=ud= i 7 r o |[9d, g=uds 3

C |3 Rad. Ret. C |3 Rad. Ret. ‘_,_l_[ ] 7 | Rad. Ret. 3
025 - |Emww - |[ERAwWwW 7 E ERWwW 3
E g 40 E g o s e L 3

- £L o rrd E r ra 1

0z E B ] : ]

- - N -5_— b=
Ty 30 - g F 3
3 s Preliminar ] T E
: sk y 4 ,f  Preliminary 3

0.1 C ] s 3

C & 2F 3

0.05 10 - - : 3
& ] 1F L

0 LR SELA Bl R et uw ﬂ:||||||||||||||||||||----|||||||||||----|||u|_|_|_||:

o 01 02 03 04 05 06 07 0B 09 1 g 01 02 03 0.4 05 06 07 0.8 09 1 0 01 02 03 04 05 06 07 08B 09 1

B e = LT |'DC|5 B| ga" =Tl |C‘U5 Bl BR" =T |GGS‘ B|

A.Irles | 8th June 2023 IFIC A



http://webific.ific.uv.es/web/
https://aitanatop.ific.uv.es/aitanatop/
http://ific.uv.es/~airqui/
http://ific.uv.es/~airqui/

| AFB- preselection
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| Efficiency/Acceptance corrections ILD
P We define different categories with different priority depending of how the charge was measured in each
jet. For example:

® Catl Vtx-Vix (for b-quark, and K-K for c-quark)
® (Cat 2 K-Vtx or Vtx-K

® Cat3K-K
P Since we start from a pure qg-bar sample, we are able to measure the efficiency/acceptance of each
method.
'_o' 10 n |LD '_o‘ 40 _I UL} LI ] III T LI ] IIIIIIIII LR} IIIIIIIII!!_IQ
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Double charge measurements ILD 3

P Mistakes in the charge calculation due to loss tracks (acceptance issues, mis reconstruction etc) have to
be corrected and estimated using data » Mistakes produce migrations (flip of the cos(8))

P The migrations are restored by determining the purity of the charge calculation using double charge
mMeasurements

e Accepted events, N__, with (-,+) compatible charges

acc!

Ngee = Np* + N¢?
e Rejected events, N, non compatible (—++) charges it p q

/ NTBJ_ - 2Npq
pg-equation l=9+4¢q

Incognitas: pg and N.

The pg-equation allows for correcting for migrations (finding the correct N) and in particular for the last
and ultimate migration (dilution) due to BO oscillations
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| Unc. LD E3
~ greliminary..
P.-,.(-08,+03) | P, (+0.8,-03) | P +(—0.8,40.3) | P, (+0.8,-0.3)
Re  Afp | R Aff R, Aty | Ry  App
Statistics 0.18% 0.38% | 0.27%  0.52% 012% 0.24% | 0.23% 0.70%
Preselection eff. <0.01% 0.12% | 0.02%  0.16% | <0.01% 0.08% | 0.06%  0.12%
Background 0.01% 0.01% | 0.02% 0.02% 0.01% 0.01% | 0.06% <001%
heavy quark mistag | 0.11% <0.01% | 0.06% <0.01% | 0.12% <0.01% | 0.22% <0.01%
uds mistag 0.03% <0.01% | 0.02% <0.01% | 0.08% <0.01% | 0.14% <0.01%
Angular correlations | 0.10%  0.10% | 0.10%  0.10% 0.10%  0.10% | 0.10%  0.10%
Beam Polarisation <0.01% <0.01% | 0.02% 0.01% <0.01% 0.01% | 0.03% 0.15%
Systematics 015% 0.16% | 0.12% 0.19% 018% 0.13% | 0.29% 0.22%
Total 024% 0.41% | 0.30% 0.55% 021% 0.27% | 0.37% 0.73%

Table 5: Breakdown of statistical and systematic uncertainties for the different experimental observables.
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| Beam polarisation uncertainty LD E3
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| Better dE/dx particle Identification ? L ES

p Conventional dE/dx method: sum of all charge of
a track

=
o

©—® 200 mm, cluster counting
®-® 1000 mm, cluster counting

o
=)

*-% 200 mm, charge summation

® |andau shaped, large RMS... compensated with truncated
mean algorithms

%% 1000 mm, charge summation

test beam, pad-based:
B B AsianGEM, GridGEM,
Micromegas

i
=)

test beam, pixel based:
® @ GridPix at full / 60% coverage

empirical expectation

“
=)

p Alternative approach: cluster counting

ILD TPC dE/dx resolution equivalent / %

L. . . . 2.0k . ; » 4| — ox(pad size) P
® Count number of ionising interactions (Poisson shaped)
. . OF -
* Allows for better particle separation but depends on '
counting efficiency. 008105 200 §00 1000 2000 5000

e
e Can improve the separation power by a factor ... 30-40% pad size jam

Under study (dedicated simulations and TBs)

GridPix, beam test at
ELSA test beam @Uni
Bonn
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A. Irles | 8th June 2023

1L ED


http://webific.ific.uv.es/web/
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http://ific.uv.es/~airqui/
http://ific.uv.es/~airqui/

lILC500 no TPC

AFB, (e'Le’F") AFB, (e;qet)
B5 B5
B4 B4
B3 BX| < B3 WX <.
Bx| 120 Bx|1-2c
B2 WX 236 B2 [x| 230
B1 .3-46 B1 .3-46
B 4+-50 W450
A3 5100 A3 5100
A2 >100 A2 >100
Al No PID PRELIMINARY Al No PID PRELIMINARY
SM H20, P:(-0.8,+0.3), b-quark Ys=500 GeV SM H20, b-quark P:(+0.8,-0.3), Ys=500 GeV
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SM Al A2 A3 B1 B2 B3 B4 B5 SM Al A2 A3 B1 B2 B3 B4 B5
AFB, (e'Le‘F;) AFB, (e'Re’[)
B5 B5
B4 B4
B3 .X \ <lo B3 .X \ <lo
Bx| 120 Bx|1-2c
B2 WX 230 B2 WX 230
B1 B34 B1 B340
W45 W45
A3 M5-100 A3 M5-100
A2 >100 A2 >100
Al No PID PRELIMINARY Al No PID PRELIMINARY
sM H20, P:(-0.8,+0.3), c-quark {s=500 GeV SM H20, P:(+0.8,-0.3), c-quark Ys=500 GeV
| | 1 | | 1 1 1 1 1 1 1 1 1 1 1
SM A1 A2 A3 Bi B2 B3 B4 B5 SM A1 A2 A3 Bi B2 B3 B4 B5

A irles | 8th June 2023, IFIC A


http://webific.ific.uv.es/web/
https://aitanatop.ific.uv.es/aitanatop/
http://ific.uv.es/~airqui/
http://ific.uv.es/~airqui/

lILC250 & ILC500 (w/o TPC vs w/TPC)

AFB, & AFB, (Both pol.)

B5
B4
B3
B2
B1
A3
A2
A1l

SM | |

HZ20, both pol.,
|

BX <
BXx| 12
x| 23

B340

B 45
M 5-100

>100

PRELIMINARY
b&c quarks {s=250&500 GeV
|

| | | | |

No PID

SM Al

A.lIrles | 8th June 2023

A2 A3 B1 B2 B3 B4 B5

ILC250&ILC500

noTPC

AFB, & AFB, (Both pol.)

oo R

1L E3

B4 —
B3 BX <
- BXx| 12
B2 — WIX| 230
B1H | KRN
B 45
A3 — 5-100
A2 — >10c
Al dNdx for PID & FT PRELIMINARY
sM = H20, both pol., b&c quarks Vs=250&500 GeV
| | | | | | | | |
SM A1 A2 A3 B1 B2 B3 B4 B5

ILC250&I1LC500


http://webific.ific.uv.es/web/
https://aitanatop.ific.uv.es/aitanatop/
http://ific.uv.es/~airqui/
http://ific.uv.es/~airqui/
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