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kK mass and New Physics

B MS running mass : Mass which has energy dependence

om_(u) v(a(u)) - Perturbative function
. . . 27 H o 5
QCD Renormalized Group Equation * 4 aﬂz — 7 (O‘S(/’t)) mq(/’t) U : energy scale of experiments
B Energy dependence deviates from SM'’s expectation ~ .0
N i ¢ DELPHI 2004
by new particles’s effect (SUSY etc). \; . \ A SLD
3B m ALEPH
~ 4L A OPAL
- O DELPHI (B decays)
B No indication of new physics 2 -_DELPHI 1998 JL
IN b quark mass at Z-pole (~91GeV). TF r el
25 [ ] - A |
— b quark mass at higher energy scale above Z-pole | >M's Prediction cecutls of
can be SM’s test and a probe of new physics. 5 | EP - SLD
I
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Purpose of This study

B Estimate » guark mass at 250 GeV ILC
through simulation.

B 4g production by e*e™ collision ’ Jet

Quark
"" A‘
Jet
W Gluon

‘ . Can NOT be observed

L
v v . Can be observed




Jefinition of Observable

B Heavier quark tends to be difficult to emit gluon ¢ — g + ¢.

— b quark mass sensitivity appears on 3-jet events after gluon radiation.

B Define the double ratio of 3-jet fractions for ete™ — ¢g7.
All jet events

Rbl _ N3b/Nb
> NylN, -
aS mb2 as ‘ ‘ ..................... ‘

3-jet events 2-jet events Other jet events

a b, »~ . LO corrections b . NLO correction ~ — |
LO > ~LO NLO N, :eTe™ — bb — all jet events number

\/E - CM energy N;, : ete™ — bb — 3-jet events number
N, :ete” — Il — all jet events number (I =u or d or s)

N, i ete™ = Il - 3-jet events number (I =u or d or s)



2nsitivity of » quark mass H

B For higher CM energy experiment, b quark mass becomes smaller relatively.
— b quark mass sensitivity be lower at higher energy scale.

R = ]]\\Izijxj — 14 arp s (bLO(mb) | ibeLO(mb)>
b quark mass sensitivity on R : ARY =2 (1 - R ATHZb

CM energy /-pole 250GeV

S - | o

B Precisely measurement of RY is needed for 250GeV measurement.



Flow of Simulation and Analysis




of Simulation & Analysis 8

R @ Parton

1. Generate Signal - Background events «ccceeee-- » Measure R’ @ Hadronization

Signhal @ efe™ = gg — Jets, Backgrounds : explain after

2. Detector Simulation * Event reconstruction
3. Cut of Background events «ccecececeececeen.. » Measure Ry’ @ Reconstructed

4. Estimate corrections of hadronization and detector

5. Estimate b quark mass precision



amples in This Analysis

B Process : ete™ - gg (g = udscb)
B CM energy : 250GeV

B 2 pure polarization configurations

Left components Left components
Right components Right components
Luminosity : 250fb~! Luminosity : 250fb~!

B Estimate b quark mass precision under the following polarizations

by mixing above pure samples :
(-0.8,+0.3) (+0.8,-0.3)
pe=

Left components

Left components
Right components

Right components
uminosity : 900fb™! uminosity : 900fb™!




1Istruction of Jets

B Define 4; between i and j" tracks (Cambridge algorithm) :
d; = 2E(1 —cos @) E : Energy of i track
It d; <y.,these tracks are included in a same jet.

B R has y, dependence :

oot NN,
> Ny/N,
o mé? Uy
=14+ —a;,(V.) A bro(my, Vo) +—byro(my, V. )
T s T

B Focuses on y. = 0.01.

3-jet event

B Cluster until 2-jet events by loosing y. for later analysis of backgrounds.



|dentification

B Impose the following conditions to each jet
b-likelihood > 0.8 — b events

b-likelihood < 0.4 & c-likelihood < 0.25 — uds events

Efficiency of Purity of Efficiency of Purity of
b-tag b-tag uds-tag uds-tag

ILD 380% 98.7% 58% 96.1%

DELPHI 47% 86% 51% 32%




Cut of Background events



es of Main Background events

Y
e . q
D 0O O (O g
/
e q

Background event® : Radiative return
(Collision energy decreases by radiation)

Background event® : 4-jet events




Of Radiative return 14

o 600 <10
L ;::3 —~ —— MC energy of radiation
B [t radiation can not detect:-: & ©
. . ~ y
—Construct energy of radiation K, from angles of jets, - 250GeV-
100 - PFO energy
and cut K, > 50GeV. -
P 250GeV - siny,,. W, - Angle between 2 jets 300 ‘|
Yy — . . . 1 C
SIN YW, + 800 +5I00, 9 0, : Polar angles of each jet ::Slgnal
200
B If radiation is detected, cut it by using neutral PFO. 100} '
1. Invariant mass of system less than 130GeV iy

00— 20 40 60 80 100 120 140 160

2. Each jet should include particles more than 5 Energy[GeV]

3. Jets include neutral particles which have energy of more than 50 GeV at|cos@| > 0.98

100% Left polarized (Remained BKG)/(Selected Signal)
b quark 1.2%
uds quarks 1.3%




15

of 4-jet events

B If 4-jet events are forced to reconstruct as 2-jet events, shapes tend to be wider.
— Cut by using Thrust T (T < 0.85)

N | o T ~ 0.5 (Isotopic) T ~ 1 (Sharper)
Z. |p,-n| N Total number of particles in jets
T = max — v p; - momentum of each jet
n .
Z:i p: n : unit vector of the thrust axis E:(ir:St » %‘K.R‘J:St
. o.24ef?’3|’.jﬁ=lzfo| L e !—LFQ v
%0.225— — ee" - qq (g=uds)
S 02 — ¥Z->hadrons (Remained BKG)/(Selected Signal)
5 ~  —— HZ — hadrons
T 0'185_ ----- ZZ — hadrons WW // /h
016 — — hadrons
. . I 100% Left polarized
0126 WW/ZZ/Zh take Nt b quark 0.0% 0.3% 0.3%
0.1 By 8 I_:
oo Saller values = uds quarks 2.3% 0.2% 0.0%
0.065— 'JJ’LJ{L - 100% Right polarized
s il e j& b quark 0.0% 0.9% 1.0%
O'Oz—wlmlw;&ii | )= uds quarks 0.0% 0.3% 0.0%

05 055 0.6 0.65 0.7 0.75 0.8 0.85 09 0.95 1
St C o Thrust (principle value)

+ double light-quark tag



Measurement of the Observable




asults of Observable 17

B Reco level is corrected to Parton level by corrections of hadronization and detector.
Parton level can be compared to theoretical predictions.

Rbl Par Rbl Had
Rbl Par __ ~had~det pbl Rec Chad — Cdet —
3 = C°C R3 ~ Rbl Had ~ RDIRec
3 R
(100% Left polarized) (100% Left polarized)
Bmm1-4fle;,fL=250fb" ILD . 1-2?62’ [L=2501b” ” D
B ‘§ I o had
1.3:— %1.15:_ C™ (PYTHIA)
o] 8 I = % (Signal)
L NN 1'1;_ CAMBRIDGE
i i HHH T :
- 1.05_—
s CAMBRIDGE i . ﬁ+++++++*++++*+*
: — Parton Level : Iﬁ-l-” ]
0.9 - , *+ 11
Hadron Level A
0.8 — Reco Level f
0.95
0.7l 11 1| | L | i | IR AR

| L 1 1 ] I L1 L1 Lo | L | 1 | L 1 1 | - — l I | 1 1 |
0) 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
yc

Thrust>0.85 Thrust>0.85 yC



tion of obtained results

. . N, IN bl
B ) is heavier than uds - R = 222 < | Each level Ry by MC
N3,/ N, (100% Left polarized)
‘ iz fle; , [L=250fb”! LD
But obtained result is RY > 1 il
1.3~
. | 2]

B Numbers of 3-jet events are ~10 times less than : e
the SM’s expectation. T e HH
— |s the MC sample adapted to this analysis? 1 EAVBRIDGE

oo — Parton Level
| | adron Level

B \When examine MC --- 0 — Reco Level
qqg@L.O+massless quarks, gluon radiation is only estimated  }... ... .. 1. .., L

Th-ru?st>0.85 0.005 0.01 0.015 0.02 0.025 0y03

by Parton Shower.
— MC Is updating to NLO+massive quarks now.



Estimation of Errors
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timation of Statistical error

B Statistical error on Rgl :

Rbl — N3,/ N, ) ARfl(Smt) N r 1 1 1 N3q . 3-Jet events number
. N5,/ N, RY! /N3, A/N3; /N, m N, : all jet events number
B Estimate under 2ab-! of 250 GeV ILC (H20 scenario)
Polarization ( £, F,: ) EEGOASEIR) (+0.8,-0.3) (-0.8,-0.3) (+0.8,+0.3)
Integrated luminosity 900fb- 900fb- 100fb- 100fb-

B Assumed the proportion of 3-jet events is 30% of the all jet events number.

All jet events (MC) 3-jet events (Assumed)
Nb Nl N3b — OBNb N3l — O3Nl

(-0.8,+0.3) 1,210,601 1,659,628 363,180 497,888
30%
(+0.8,-0.3) 341,950 596,210 102,587 178,863

ARY

oy (stat) = 0.25% for (=0.8,+0.3), 0.45% for (+0.8, - 0.3)
3



Types of Systematic errors

B Appear systematic errors on corrections C", cd.

Parton Level

bl Par _ ~had ~det pbl Rec
RY! Par — chadcdet R

Corrections of

hadronization and detector

bl Par
R3

1. Hadronization error : Estimate the uncertainty on " = —— .
RY! Ha

Rbl Had

2. Detector error : Estimate the uncertainty on C% = 3blR .
R3 ec




'imations of Systematic errors

B Hadronization model error

We expect hadronization error can be reduced with larger data
samples and the larger momentum of hadrons in 250GeV

— Assume the half of LEP’s result : AChd;chd = (.1 %

B Detector error
Estimate appeared uncertainties on Cc% from 3 element’s uncertainties by Toy MC.

Common uncertainties for jet's number and flavor are cancelled.

Each Uncertainties on C%
Uncertainty | 100% Left polarized | 100% Right polarized
Tagging efficiency 0.5% 0.07% 0.06%
Signal selection efficiency 1% 0.06% 0.06%
Contaminations of BKG 1% 0.20% 0.10%
Total — 0.22% 0.13%




Result and Summary
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IIt of This study

B Precision of Rfl Z

ARbl

le = 0.25(stat.) + 0.22(exp.) + 0.1(had.)[ %] for (=0.8,+ 0.3)
3

AR?!

Y 0.45(stat.) £ 0.13(exp.) £ 0.1(had.)[ %] ftor (+0.8, —0.3)
3

(3-jet events number is assumed to be 30% of all jet events number.)

B Estimate b quark mass precision

e y . Amy, ARY
b quark mass sensitivity on Ry | —— = -
m,  2(1 — Rb)

Precision for RY = 0.996, m;, = 2.75GeV

Amy, (250) = 0.76(stat.) £ 0.59(exp.) £ 0.34(had.) £ 0.07(theo.) GeV

Theoretical uncertainty : come from renormalized scale and quark mass definition



pects

B 250GeV measurement is challenging, but it will
provide an extra point at never probed energies.

B Giga-Z ILC (ILC@Z-pole) can measure b quark mass of -
at the better precision. I
- Statistics i1s 100 times Iarger 1 " my(m,): ° PDG world avg. —RG evolution  ~

. : - Mmy(M_): e DELPHI = SLD 4 ALEPH v OPAL -
- ILD superior the performance of flavor tagging R
. ILC prospects: ¢ m, (250 GeV), 2 ab™ = my(m,), GigaZ

- Hadronization error will be half thanks for development of model o T T T T

LEP : Am, ( ) = 0.18(stat.) £ 0.13(exp.) = 0.19(had.) = 0.12(theo.) GeV 0 50 100 150 200 250
Q [GeV]

ILC : Amy, (M) = 0.02(stat.) £ 0.02(exp.) £ 0.09(had.) £ 0.06(theo.) GeV

B Check Marcel's talk in LCWS : The bottom quark mass and the Higgs boson (3.1 7th)



Ly

B [ he first Estimation of » quark mass precision

at 250 GeV ILC > -
Amy, (250) = 0.76(stat.) + 0.59(exp.) £ 0.34(had.) £ 0.07(theo.) GeV O,
g’: h
0))
EE_Q
B WHIZARD is updating to NLO+massive quarks. B
1 '_ mb(mb): ® PDG world avg. — RG evolution -
- my(M.): e DELPHI = SLD 4 ALEPH v OPAL -
B Giga-Z ILC provides a better measurement of - ILC prospects: + m,(250 GeV), 2ab » (), GigaZ
g . O I A A A AT AN A B A B B A
b quark mass at Z-pole : 0 50 100 150 200 250

Am,, (M) = 0.02(stat.) = 0.02(exp.) = 0.09(had.) + 0.06(theo.) GeV Q [GeV]



Backup
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rd generation particles

B Scenario changes according to the ratio of vacuum expectation value of
SUSY Higgs tan p. arXiv:1201.4412 [hep-ph!
tanf ~ 3 — 11 : b-r Yukawa coupling is unified arXiv:1604.02156 [hep-ph]

tanff ~ 35— 60 . b-r-t Yukawa coupling is unified

-
—
—
.
r—l
-
—
-
—
—
4
—e
—
| —

—Y, (our analysis) ..... Y, (M_=M-=m,) -

:  : —y_(our analysis) ..... y, (M_=Mg=m;) ~
N I I N P S PR I B
2 4 6 8 10 12 14 16

Scale Iogm(Q/GeV)

llllllllllllllllllllllllllllllll



https://arxiv.org/abs/1201.4412
https://arxiv.org/abs/1604.02156

olarization

1L /i - proportion of left handed components

B Polarization rate : P,-» =
- Ir+J1 fz - proportion of right handed components

(P,-, P,.) = (+80%,+30%) (P,-,P,.) = (- O% -30%) (P,-,P,.) = (- O% +30%) (P,-, P,.) = (+80%,-30%)

10%

35% 90%

05% 90%

35% 10%

05%

90% 65% 10% 35% 10% 65% 90% 35%
Luminosity : 100fb~! Luminosity : 100fb~! Luminosity : 900fb~! Luminosity : 900fb~!
epes o 1/7fb ] ey er o 83fb] ey en - 846fb] epen - DOfb!

100% Left polarized 100% Right polarized

1
U(Pe—aPe+)=—((1—Pe—)(1 Pe+) OLR (1 Pe‘)(l_Pe+> URL>

ep e and ezer Tfor quark pair production from e*e™ are vanished by angular momentum conservation.

B How to mix :




e,ep . |L=250 b

=

WTI||||||I|||i||

‘; 0_22:1_“||||||||||||_||||||||| TTT T[T 111
5 - ——ee" —>bb
T -~ —— yZ — hadrons
€ 0.18
) B HZ — hadrons |
< 016 - ZZ — hadrons
0.14:_ —— WW — hadrons
0.12[
0.1
0.08
0.06 T
0.04 jq f
0.02:_ !_:-’:I_]_ﬂ-rr'; "-i
:|||||||||||||||u-f'?-!-—-|'7i|—|| 1 TR
8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 095 1
Cuts: Cut 1 + Cut 2 Thrust (principle value)

+ double b-quark tag

5

eqer, [L=250 b
*C—) 0_22:|-||||||||||||||_||||||||| TT T T [T T T TR 77T
5 - ——ee"—>bb
o 0.2
Tés 048 vZ — hadrons, B/S=1.8%
5 N HZ — hadrons, B/S=2.3%
< 016 .- ZZ — hadrons, B/S=1.8%
0_14; —— WW — hadrons, B/S=0.0%
0.12
0.1
0.08[- B
0.06- s sl
0.04 .
0.021- .
:|||||IIII|ILII|Il-l'-r;-llnTll ! ||||||||||||.-:"~-1
8.5 055 0.6 065 0.7 0.75 0.8 0.85 0.9 095 1

Cuts: Cut 1 + Cut 2
+ double b-quark tag

Thrust (principle value)

Normalized to 1

Cuts: Cut 1 + Cut 2

Normalized to 1

10NS

. = = D
0.225_ — e e > qg (g=uds) '_g
0_25_ —— yZ — hadrons é

o7 i
0.16~ —— WW — hadrons Ban
0.14F g
0.120- S H
o1E Igna

0.08F- 3
0.06F- Ll 3
0.04 jj
0.02f AL g
. mhrrﬂ{rﬁ:;u-é

8.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Thrust (principle value)

i|||i|||i|||i|||i|||i||'|_%5

—

+ double light-quark tag
eqer, [L=250 b
0_24:LIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII
- ——ee" - qq(g=uds)
0.22—
0_2:_ —— vZ — hadrons, B/S=1.3%
- HZ — hadrons, B/S=0.1%
0'18:_ ----- ZZ —s hadrons, B/S=0.8%
0.16 —— WW — hadrons, B/S=0.4%
0.14
0.12
0.1
0.08—
0.06;— r |_rLL
0.04F 1 A B
0.02F e u
wl. rll 1 = [ H L1 H—T_I_L l-_-:--l-l_
8.5 0.55 06 0.65 0.7 0.75 0.8 0.85 09 09 1

Cuts: Cut 1+ Cut 2
+ double light-quark tag

Thrust (principle value)

B L eft polarized case suffers from
more background contaminations
than right polarized case.



mation of Detector errors

B Add fluctuations to each efficiency by Toy MC and estimate
appeared uncertainties on C%.

. X- for ete™ — qg
N 2530 4 253t 4 o et % Secttor ee” — qq
N3, sel — |%q™q 99 bkg“bkg  get : X-sect for ete™ —» qg — 3 Jets

e, - lagging efficiency as g-flavor

T EpkgObig g, - mis-tagging efficiency as g-flavor

R? = = — = !

.| e2 =2
Esel * | €504 T €50,

B Selection efficiency ¢, IS given like this :

Uncertainty Flavor 100% Left polarized 100% Right polarized

Signal selection Yy b quark
efficiency ’ uds quarks 16.2% 16.4%

B Flavor tagging efficiencies are estimated by double tagging methods, and
add the fluctuation of 0.5%

B Assume the fluctuation of 1% for BKG contaminations 8bkg"1§;§;jet)'

ARY
RY!

B Total detector error : (exp.) = 0.22 % for (—=0.8,+0.3), 0.13% for (+0.8,—0.3) (See page.22)



lion factors

bl Had
R3

Rbl Par
3 det —

bl Had ~ pbl Rec
Rs R3

bl Par _ ~had ~det pbl Rec Chad =
RY! Par — Chadcdet R

Corrections c"d cdet (DELPHI)

arXiv:hep-ex/0603046

—)
-
|
|

5 ' ' . | M DELPHI took y, = 0.0085 in Cambridge algorithm,
= 0 : g“ad (Pythia) :

c 115 _ 5 and corrections are close to 1.

= Cambridge

5

@

1.05

0.95 .

| I | | | |
0.04 0.05

Ye

0-9 | | | | I | | | | I | | | | I |
0 0.01 0.02 0.03



https://arxiv.org/abs/hep-ex/0603046

lon model error in DELPHI

Rbl Par Ré?l Had
bl Par __ ~had~det pbl R had — 3 det —
R3 Y= checC etRS o ¢ o Rbl Had o Rbl Rec
3 3
Uncertainty on ¢ (DELPHI)
l“”Qo.om - B Estimate uncertainty by considering different models
£ _ (PYTHIA, HERWIG---) and tuning parameters.
= ;i‘é'(;ﬁfg‘fﬁ arXiv:hep-ex/0603046
001 | Cambridge
B The model uncertainty depends on x;(jer) = 2E,_,,,/M,, and
0008 - JS ....0000.0“0“0“0“00“0“0“0“00“0“¢
- if x0(jet) > 0.55 is imposed, it is reduced by a factor of 4.
0.006 | ~4times reduced by
: ) 0
0.004 |- B Configuration of b quark mass at Parton Shower & hadronization
o % Is taken into account.
0 :. P [ (S Y ] T e e e L e

0.01 0.02 0.03 0.04 0.05
Ye


https://arxiv.org/abs/hep-ex/0603046

ber of m,(m,)

B Green marker is the word average of PDG

my,(my,) = 4.187093 GeV e ’

Main experiments : g

ZEUS @ HERA (2018) arXiv:1804.01019 [hep-ex] .
he e-p deep Inelastic scattering depends on b mass.

1 ) mb(mb): ® PDG world avg. — RG evolution i

BABAR @ PEP—" (2009) arXiv:0908.0415 [hep-ex] : my(M.): e DELPHI = SLD 4 ALEPH v OPAL :
Belle @ KEKB (2008) arXiv:0803.2158 [hep-ex] - !LC prospects: « m,(250 GeV), 2ab™ s My(m,h BlgaZ -
Semi-leptonic decay of B-hadron(e.g. B - X .Iv))

0 50 100 150 200 250
Q [GeV]

depends on b mass.



https://arxiv.org/abs/1804.01019
https://arxiv.org/abs/0908.0415
https://arxiv.org/abs/0803.2158

ass sensitivity on R

L . . A ARY
B Following figures are visualized plots of » mass sensitivity M & (See page.o)

m,  2(1 — RYY)
for both of Z-pole and 250GeV.

B Gray bands mean necessary precisions of RY' to measure b quark mass

at the precision of ~0.4GeV for both of Z-pole and 250GeV.
B The sensitivity at 250GeV ~5 times deteriorates.

CAMBRIDGE - mz | ycut = 0.01 CAMBRIDGE - 250 GeV | ycut = 0.01
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | [ I I I [ I I I [ I I I [ I I I [ I I I [ I I I
098- T ==e__ i 0.998:
~~~~~ 0.997
NN L
0.97 q ’-~~\
= \NN
- ~ _ L
. e Y ] _ 0.996
‘r:f \\\\ S sa? L
3
0.96 7~\\ \\\ ] i
. S~ > 0.995
\\ \\ L
i - |
- \\\\ _
0.95 - o ~ i
i So 1 0.994
SQ | i
~
~
N
B \\\ i | -
0.94 ! ! ! \ ! ! ! \ ! ! N ! ! ! \ ! ! ! \ ! ! Q 0.993 ‘ LN ‘ ‘ ‘ ‘ ‘ ‘ L L L ‘ L ‘ ‘ ‘ \ N | I I I I
2.4 2.6 2.8 3.0 3.2 3.4 3.6 24 2.6 2.8 3.0 3.2 3.4 3.6

mp(mgz) mp(250 GeV)

——NLO ==-- LO — U= \/E (Pole mass) ~——— p =1/s/2

u=2/s



'he number of m,,(m,)

B QCD theoretical prediction of RY as a function of y, is given below.

1.000 B
0.998 :
0.996 :
0.994 :
0.992 :
0.990 :

0.988 —

CAMBRIDGE - 250 GeV

0.0125
Yeut

0.0150

0.0175

0.0200
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1.000 B
0.998 :
0.996 :
0.994 :
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0.990 :

0.988 —
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0.0125 0.0150
Yeut
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0.0200




