The 10th Annual
Large Hadron Collider Physics Conference
May 16-21, 2022

-4
a1t

----
.....

.i L R P
-§K.' - 2% b "-
: ; 94

.
- ome® o

,tg_

» :
Bl e = e =

) . . - 3.5 ')
i " 2
.. . l‘ - - ? »n
s - :
Jr ;

Oth E||on of the Large Hadron Colllde Physics Conference

CPV and Mixing in the Charm | 4é&p 16.5.2022
Sector: Theory Overview TAIPEL 5. ander Lenz
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Proton D°
DY = (ie) | Dt = (dc) | DF = (3¢c) | Ac = (udc)
Mass (GeV) 1.86486 1.86962 1.96850 2.28646
Lifetime (ps) 0.4101 1.040 0.500 0.200
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Theoretical Peculiarities of Charm:

¥ Alexey Petrov and 2 others liked

Marco Gersabeck Bl @MarcoGersabeck - 7h

= #CHARM2020 continuing today with a session on past, present and
future experiments. Here's Prof. Xiaoyan Shen giving an overview of the
BESIII experiment.

1. The strong coupling is strong Charm Is charming

* Over-constrain the SM, probe for new physics

v Precision CKM physics in B sector needs input from charm

* CPV and mixing

a m — O 3 3 O O 1 ¥ The only up-type quark to form weakly decaying hadrons,
S C e —— * complementary to K and B systems ;
b

* Unique to test QCD in low energy

Charm is challenging

2. The charm quark is not really heavy

= Theor
* Do methods like Heavy Quark Expansion and Factorization work?] Y
* CKM and GIM suppression can be strong ~ low rates > Large data sample

my 2% = (1.67 £ 0.07) GeV , me(Me) = (1.27 + 0.02) GeV ,

3. There is almost no CPV in charm -

V,=-02247-14-10"%, V., =0.97354-3.1-10"°1, V,, = 0.0416

C = = - u b = » > S
‘ . 2 2
. ( md-) ~0, (m") ~0),
- dsDb . uct — A/I W A/{H;
u - ¢ - ‘ Bl C S - - < £ - b -y 2 . .y 2 I
i —* ) ~13.107°, ( ) ~ 251074,
cC—» pd. Sb. > u b—» >U 2 t» > S (A/IW >2 A/[W - See e.g.
; ; (A";' ) ~28-1073. (A’;i) LB AL, G. Wilkinson
- v w W 2011.04443
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The charm system is theoretically more difficult than the b system since

AQCD AQCD

a(m) ~ 033 and ~ 3

m

4 M Alexander Lenz @alexlenz42 - Mar 16
. &9 Further fundamental physics questions at #charmingclues - Is charm ugly?

C ny,

Nevertheless the Heavy Quark Expansion might still converge

Is Charm Ugly?

Bhujyo Bhattacharya
: ophatloch@ ff

But things will become very ugly, If in addition cancellations arising

A. No cancellations, e.g. ['(D")
B. Strong cancellations, e.g. I (D™)
C. Crazy cancellations, e.g. D-mixing
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['(D) =T3+41TI5 <7(;)7,5> Te (O} - ... + 1677 (f‘G (Os) - T (Or) | ) , ri=r§°)+o‘sl(lzz6)r§1)+ [O‘Sg:”)rr,ﬁz)+....

Free quark decay § %
O3 Os l Os

Kinetic operator ,uﬂ Darwin operator ,u]% Dimension 7 operators
Chromomagnetic operator ,u(z; Vacuum insertion approximation
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= 2 D 2 .D 3 _D

_ 0.48 GeV?2 0.34 GeV2 0.082 GeV3
5 BY 5 B4 el &
s PI01 =0.005—L 4 0005 —=- 0.137 — 0.125 —2 .
e 0.02 0.02 —0.04 —0.04 Lt
dim—6,VIA dim—7,VIA

—0.0045r7? — 0.0004 r3* — 0.0035 737 + 0.0000 75"

—0.01097;? — 0.0079 r5* — 0.0000 57 + 0.0001 7,? | .

Revisiting Inclusive Decay Widths of Charmed Mesons

Daniel King (Durham U., IPPP and Durham U.), Alexander Lenz (Siegen U.), Maria Laura Piscopo (Siegen

U.), Thomas Rauh (U. Bern, AEC), Aleksey V. Rusov (Siegen U.) et al. (Sep 27, 2021)
e-Print: 2109.13219 [hep-ph]
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o \/alues of //t]%, ,ué, pg almost unknown

e NNLO-QCD corrections to free quark decay in progress
Fael, Steinhauser,...

* NNLO-QCD corrections to spectator effects in progress
Nierste, Steinhauser,...

Revisiting Inclusive Decay Widths of Charmed Mesons

Daniel King (Durham U., IPPP and Durham U.), Alexander Lenz (Siegen U.), Maria Laura Piscopo (Siegen
U.), Thomas Rauh (U. Bern, AEC), Aleksey V. Rusov (Siegen U.) et al. (Sep 27, 2021)

e-Print: 2109.13219 [hep-ph]
| — R —
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2(D) 2,(D) % (D)
[(D1) = 6.15T, 1R 048 — 0.13 £=L)_ (1 HG -0.31 LD
) d 0.48 GeV? 0.34Gev2 T % 5082 GeV3
B 0B 3 3
X — 266 —0.055 —L +0.002 —2 — 0.546 —L— +0.009 —2— + 1.10

Yot : . —0. —0. ~~
\C\ m /C/ Wi N 0.02 0.02 0.04 0.04 i =

&/ —0.0000 797 — 0.0000 727 4+ 0.0011 r2? + 0.0008 i
q2 g2 .

—0.0109 757 — 0.0080 757 — 0.0000 757 4 0.0001 57 |

Revisiting Inclusive Decay Widths of Charmed Mesons

Daniel King (Durham U., IPPP and Durham U.), Alexander Lenz (Siegen U.), Maria Laura Piscopo (Siegen

H U g e effe Cts d ue to Pa U I i i nte rfe rence U.), Thomas Rauh (U. Bern, AEC), Aleksey V. Rusov (Siegen U.) et al. (Sep 27, 2021)

e-Print: 2109.13219 [hep-ph]
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-— — o — - - - — —_— —_—— — - — e —

|
|

D+ DO _

— — { FS[ /Fsl '—?

| l | 1 1 1 | |
0 0.5 1 1.5 2 2.9 3. 3.5 4 0 0.5 1 1.5 2

—
—

e \/alues of ,u,%, //tcz;, ,013) almost unknown

e NNLO-QCD corrections to free quark decay in progress
Fael, Steinhauser,...

e NNLO-QCD corrections to spectator effects in progress

Nierste, Steinhauser,...
Daniel King (Durham U., IPPP and Durham U.), Alexander Lenz (Siegen U.), Maria Laura Piscopo (Siegen

° CheCk Of HQET Sum rU|e reSUltS Wlth lattlce U.), Thomas Rauh (U. Bern, AEC), Aleksey V. Rusov (Siegen U.) et al. (Sep 27, 2021)

Black, Witzel,...RBC-UK e-Print: 2109.13219 [hep-ph]
¢ First non-perturbative determination of dimension 7 P — —————

Revisiting Inclusive Decay Widths of Charmed Mesons




U™ C: Crazy Cancellations

B-miIxing D-mixing
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B-mixing > D-mixing 6

M= AT Rl « Ak FlE) 4 2 FLd
OERET ey - L )

I G = T TR R0 W (IR R il (O

M = dAS Fluwd)  + Aude Flae) 4 A Flus)
FhlIECe L el Bt slaieir A AL Fled)
+ A Au ElX ) I DABLECR ) & AdT ¥(‘-k\~\‘)

= Ay [(FGEO - 280 & Blsie)
Y22 AL TGy -FCav ) + R B -F (s W)\
. ISy -1LF(e )+ F (b )\

= ')“}' L FCce) - 2 Flue) + Flueiu)
F 2% LS ey - Flue) + FAL) - F (X))

o MaT ] [ 0 ¥ ()~ F R

ws fuay> € 0
urc fUay® & 251071

wg‘/wn’" T 4.5

CKM suppressed = GIM dominant
CKM dominant = GIM suppressed

CKM dominant = GIM dominant
CKM suppressed = GIM suppressed
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-~ AR
/ ,@ ‘ naive HQE
- A]\[D . +0.48 —3 @ AFD — 6 1r+0.56 . 10—3 Al—1D _5 4 ‘ '
I'p o 2'p AFIFSXP' \
HFLAV AL, Piscopo, Vlahos
p— 2007.03022
0. 0. | | 0. 8 June 2021: First observation of the mass difference between neutral charm
BY: ARGUS DV: Belle & BaBar DV: LHCb bkt
Observation of BO oscillations Evidence of DY oscillations Observation of DY mass difference X = (3.983%) x 103
Phys.Rev.Lett. 98 (2007) 211802

Phys.Lett.B 192 (1987) 245 Phys.Rev.Lett. 98 (2007) 211803 LHCb-PAPER-2021-009 " my-m; = 6.4x10° eV = 0.00000000000000000000000000000000000001 grams (1x10~>%g)

£ £ * (my-m3)/(D%mass) = 3x10713

Today, the LHCb Collaboration submitted a paper for publication that reports the first observation of the mass difference
between neutral charm mesons (or rather their mass eigenstates for experts). The result is also presented today at the CERN

seminar and was reported last week at the 10" International Workshop on CHARM Physics. This mass difference determines the

1955 1987 2006 2007 2013 2021

5 % ¥ Exclusive approaches

A
0 0 . 0. Estimate phase space effects for y: Falk et al. 0110317
K B S* CDF D - LHCb - assume pert. SU(3)F breaking y A 1(7
. . . e . e : ~ 170
Behavior of neutral particles Observation of B2 oscillations |§| Observation of D° oscillations - neglect 3rd family _ _
e.g. Phys.Rev. 97 (1955) 1387 Phys.Rev.Lett. 97 (2006) 242003 Phys.Rev.Lett. 110 (2013) 101802 - neglect SU(3)F breaking in matrix elements - no QCD calculation

Mass difference from a dispersion relation Falk et al. 0402204 r=1Y

Exp. data Cheng, Chiang 1005.1106 £ < O(0.1%) y o< O(few 0.1%)
U-Spin sum rule Gronau, Rosner 2012

Factorisation-assisted topological amplitude approach

Jiang et al. 1705.07335 Y R 02%

2012: AI", by LHCb
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The HQE is successful in the B system and for D meson lifetimes

=> apply it for D-mixing

//I[I)(el ~ \'\ (lﬁ _— )lﬁ\([ L [(l/()) l()— )//5'7\1)

How can this be?

Look only at a single diagram:

¥ #= NI 8rn =3.7 W0 2 s 5.60,™

pert. calculation: Bobrowski et al 1002.4794
lattice input: ETM 1403.7302; 1505.06639; FNAL/MILC 1706.04622
HQET sum rules: Kirk, AL, Rauh 1711.02100

The problem seems to originate in the extreme GIM cancellations
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CPV

GIM cancellation vs CKM hierarchy: | \,| < |A;|, but complex!!!

ds,b
C B B > U
survives in
SU(3)F limit!
T - dominant for
_ 8.0 - B mixing
U < < < C ‘o
5 = “N@5 20t TR) + 20 (T5, —T3) —O§T2;

M= 22 (M5 —2M5 + Mo+ 20\ [Mya — Myg— Mgy + M|+ ML — 2M5 + M) -
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1. Duality violations - break down of HQE N /ﬂ 1) Vary u* % and %
%5 — I'5(1+6%),  20% of duality violation e independently between
is sufficient to explain |} B > 1 GeV and 2 m
d d sd ' % o f e ¢
Ies _ T8 (1 + 4 ) experiment B Y | |
14 L4 ’ o F = uncertainty increases
Jubb, Kirk, AL, \/ d e
'ée — Fdd(l 1 5dd) , Tetlalmatzi-Xolocotzi 2016 02 / / / and exp. value IS
12 = ( w/ covered
5  Higher dimensions | - 2) Choose scales somehow
o g Georgi 9209291; Ohl, Ricciardi,Simmons 9301212; Bigi, ._L_._l_ra_ltse.y 0005089 ph 56 space inspired as
Idea: GIM cancellation is lifted by higher orders in the HQE PN
- overcompensating the 1/mc suppression.

Partial calculation of D=9 yields an enhancement - but not ;
to the experimental value sobrowski, AL, Rauh 2012

Ol

LS DS, I 0.

3. Renormalisation scale setting: AL, pPiscopo, Viahos 2020 ,S“u X EX ;\v m

By = um = ,uw Implicitly assumes a precision of 10/-5! @X 12__, ,/° ¢\X \‘” \"\( Qe

.....

4. New Physics is present and we cannot prove it yet:-) U XX ”’f‘ AX
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Exclusive approach

Iy = D P DU HEGT In) (n|HEG T DO)

)

. = (DO\ S5 Im) (n|H S5~ | D)
Mlg = Z(DO‘H?;;—Z‘DO> +PZ 1) I

/ mf, — E2

Cannot be calculated yet

n

Estimate phase space effects for y: Falk et al. 0110317

- assume pert. SU(3)F breaking - 1(7

- neglect 3rd family Yy~ 170

- neglect SU(3)F breaking in matrix elements - no QCD calculation

Mass difference from a dispersion relation Falk et al. 0402204 r=~1Y

Exp. data Cheng, Chiang 1005.1106 * < O(0.1%) y o< O(few 0.1%)
U-Spin sum rule Gronau, Rosner 2012

Factorisation-assisted topological amplitude approach

Jiang et al. 1705.07335 Y = 02%
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Direct lattice determination

. ' Multiple-channel generalization of Lellouch-Luscher formula
Still a very long way! |

Maxwell T. Hansen (Washington U., Seattle), Stephen R. Sharpe (Washington U., Seattle) (Apr, 2012)
BUt nOt Completely Crazy Published in: Phys.Rev.D 86 (2012) 016007 - e-Print: 1204.0826 [hep-lat]

!
dnymore: odf & DOl [= cite 2) 259 citation:

Status of multi-hadron matrix elements in LQCD...

physical system Method to get it from LQCD
T — TN, /s < 4M, <:‘ Liischer (1986, 1991)
(P # 0 in finite-volume frame)* @ Rummukainen and Gottlieb (1995)

K — 7 (relies on My < 4M,) ® . Lcllouch.and Liischer (2001) )
(P # 0 in finite-volume frame)* ’ = Biden, Sachvajda and Sharpe (2008)

® (Christ, Kim and Yamazaki (2005)*

T . (]
T — I(I(, Vs < dM, :>< Bernard et al. (2011), Fu (2012),
(not possible for physical masses) @ Bricefio and Davoudi (2012)
D KK ®—"® MrHands
— T, ‘i_:p,_,< < MTH and Sharpe (2012)
(ignores four-particle states) - ® &

," Detmold and Savage (2004)
NN — NN, Nm—= N7 f>¢<: Gockeler et al. (2012)
®

(energies below three-particle production) Bricefio (2014)
7* — 7, 71,,7* — T, @ Meyer (2011),
N~* N <: Bernard et al. (2012),
Y *—) T ,C, ," A. Agadjanov et al. (2014),
B — K*(— Km)tl Bricefio, MTH and Walker-Loud (2014)

(energies below three-particle production) Bricefio and MTH (2015)

slide by Max Hansen
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1. CP violation in Mixing: Consider a flavour specific (4;=0=4;) decay B — f

_ 1. — a.B — Xll/
go_ D(Bul®) > 1) ~T(By() - 7) g o Bl e D
. I B t) — +I'(B,(t) — Nod_irect S Mq 9 S
(Ba(t) = f) + T (By(t) = f)  oarect | M, or B — DK~
2. CP violation in interference of mixing and decay
= See al
¢ _ T (]:;)’q(t) — f) =T (By(t) = f) e.g. B. = J/¥¢ 15191?02226,
. [ (By(t) = f) + T (By(t) = f) or B, —» J/YK, hep-ph/0201071

B

T

3. CP violation in decay

g DBt = f)-TB) > f) _ A7 - As|? e.g. AAp
dr T (By(t) = f) + T(By(t) — f) A% 4 A orD’ - 7 nt, KKt

L — ———

Ny
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I'(B%(t) — f) - T (BY(t) — f) AZE cos(AM,t) + AR sin(AM,t)

ACP)f(t) — D —
T (B(t) — f) +T(Bt) — f) cosh(2%:t) + Aar sinh(2Lst)
dir }= |)‘f|2
=TT ViVEA; [ ad” Ay = (f[Hes|BY)
mix _ _ 23 (Ag) )‘f ~ ts V¥ ¢p B 1 Qg I "y 30
1+ A2 ViV Ag | 2 f = (fIHess|Bs)
A —_2§Rm CP violat the B? system
Al ]. + |)\f|2 aaaaaaaaaaa (Syrac : se U.), Guennadi Borissov (Lancaster U ), Alexander Lenz (Durham U., IPPP ) (Nov 30, 201 )

f there i1s only one decay topology contributing to the decay

_ Tree icf)QSBS-I-arg()\c)] .
Ag = 47| 5 Afer o207
— —1|CP

Ay = |Ae] o5 -artn

All hadronic uncertainties are cancelling exactly in the CP asymmetry!
Gold-plated modes
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f there are two decay topologies contributing to the decay

_ | gTree| i[¢200 +arg(Ae)] ‘ Peng| ,i[¢pen, +arg(Au))] : :
Ap = |Age| el + Ay et Could also be BSM if there iIs
Af _ ‘A?eel ei[qﬁ%if—arg(kc)] 1 ‘A?eng ei[¢§:£—arg(>\u)] Only one SM amplltUde

The Golden Modes BO ---> J/psi K(S,L) in the Era of Precision Flavour Physics

‘ h e n -t h e ( : P asyl I ' I I I et ry d e p e n d S O n Sven Faller (CERN and Siegen U.), Martin Jung (Siegen U.), Robert Fleischer (CERN), Thomas Mannel (CERN and Siegen U.) (Sep, 2008)

Published in: Phys.Rev.D 79 (2009) 014030 - e-Print: 0809.0842 [hep-ph]

1 : Ay & pdf (& DOI [ cite ) 97 citations
A7 . 1+ re " arg( 5%)
Af - _6—22 arg(Ae) . —
f 1+ re™ arg(3%) | For a review see e.qg.:

CP violation in the B system

. Peng I ree Marina Artuso (Syracuse U.), Guennadi Borissov (Lancaster U.), Alexander Lenz (Durham U., IPPP) (Nov 30, 2015)
Wlt r — f f Published in: Rev.Mod.Phys. 88 (2016) 4, 045002, Rev.Mod.Phys. 91 (2019) 4, 049901 (addendum) - e-Print:

1511.09466 [hep-ph]

If penguins are small compared to tree-level, the hadronic corrections are
cancelling to leading order and there Is a correction proportional tor
Penguin pollution
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Golden plated modes: B, — J/WW¢ and B, — J/PK,

. I 0
CKM ¢ j/qj B s
i s.trong : 0
Ap =) Aje G = 7 s s Do T
i) >

Neglect penguins:

This is not
the SM

prediction
for ¢!

CP asymmetry in B, — J/W¢ is directly proportional to sin (2f3,) with ¢p, = — 2p-RMEtter — _ 0-037OJ_F8:888§

CP asymmetry in B, = J/WWK_ is directly proportional to sin (2/) A
Bigi, Sanda 1981,... T
Since there is only one amplitude, all hadronic effects cancel exactly! e e o e P bt i

Within the SM penguins are expected to give contributions of the order of £1° &~ &£ 0.017

Now the hadronic ratio of penguin/tree has to be known - extremely challenging ;;
Fleischer,... (2010.14423), Ciuchini et al, Faller et al, Jung, Ligeti et al, Frings, Nierste and Wiebusch,...
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Golden plated modes: B, = J/WY¢

Modification due to New Physics

=
| HFLAV S s SM i
= DO 8 b~ Mg = Al
L 0.13 Realistic 68% CL contours
SM precision ~ . 1A
S due t(l)openguins (Alog £ = 1.15) 1o = PS SMIA e 1%
0.11 CMS 116.1 fb~1
IM CDF 9.6 fb~2 BS — JI¥Y¢
0.09 1 A/
<d* Ex . BSM
¥by 1.(717 w| LHCb 4.9 fb—l _2/8.193 Po= _2816131'1‘ree Z ¢s + /Bs ,Peng :Hs,Peng ’
s, Hx L S
0.0/ o = + ¢S + ¢2
ATLAS 99.7 fbL N
d
. . , | s
0'0-50.5 -0.3 -0.1 0.1 0.3

: not really constrain ces
<es[rad] ot really constrained by ¢;
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[ (BO(t) = f) =T (BY(t) = f) _ |Af]" = As° 2lr| sin (83 — dFee ) sin [arg(A) — arg(Ao)]
I’ (Bg(t) —> f) + I (Bg( ) — f) /—lf + | Ay : 1+ |r|?2 + 2|r| cos (¢QCD — qﬁ%ﬁ?) cos [arg(A,) — arg(A.)]

Peng

Agir.cp,f(t) =

Ny

Af _ |A}‘ree‘ ei[qb,%ig-l-arg()\c)] 3 APeng ei[gbggfg)—f-arg()\u)]

f
A = |ATee| eildted —arsOo)] 4 | gPeng| gil#reng —2rs(r)

The leading contribution to the CP asymmetry is proportional to r = | Qfﬁeng | /] Qi}ree |

Extremely hard to predict! ®0
(In the case of CPV in interference the leading term was free of hadronic ¢
uncertainties and only the penguin corrections depended on r)



" UNIVERSITAT
SIEGEN

2022

LHCP

Status Quo: Non-leptonic decays TAIPE

3 0 to 9 o deviation of experiment from QCDf predictions with standard error estimates

B (BO — DTK™) _
(Belle 2111.04978)
Colour-allowed Tree-level Decays B(B® — DYK~)—
C = . B(BY — D**K~) —
@:, . ) Ps ¢ CKM leading decays )
— _|,_ gy
o :711“<d@ T~ e The are no annihilation, penguins,... B (B ; D )
b=cl Q 3
R e QCDf should work at its best B(BY — D) —
- N Beneke, Buchalla, Neubert, Sachrajda 1999... _
@) s @ -2 (D(g*HL—lQi |Bg)=Zqu_)D‘(")(Mf) B(BO — D+7T )
% < _ jl —
b»c&s% % X/O duT;i;(u)pr(u) + O (AS;ZD) B(BO D*+7T )
siLalia Cali\doc |
sppassed _
B(B? - DIfK™)—

= New Belle

N. Skidmore

= E—— Theo. prediction 1
(2103.04138v2)
° | —— " Theo. prediction 2

(2007.10338)
Current exp. value

— e = (PDQ)
| | | |
2 3 4 3

Branching fraction
(Units of 1073 for b — cud and 10~ for b — cus decays)
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B — K puzzle still present, see. e.g. 1507.03700 o0

Updates: 2002.03262 complete 2-loop penguins -
2107.03819 QED corrections

2104.14871 A p(B° — 7°K°) Bele | We need r = ‘ ﬂpﬁng ‘ / ‘ ﬂTréﬁ‘
SU(3) symmetry e.g. 1806.08783, 2111.06418,... f f

comprehensive phenomenological study missing

AA p: direct CP violation in the charm system DY — K*K~vs. DY — ntzn™
=xperiment: LHCb 03/2019

Theory: SM or not SM? NN ﬁ‘“
E.g. 1903.10952,1909.03063 vs. 1903.10490, 1909.11242 *

We need r = | o "¢ |/| ;™| (22



2022

LHCP
TAIPEN]

s~  Theory for Charm

Theory for Charm Observable #= Theory for Charm Observable



s  Theory for Charm 'i'&'n%'i:’!

Theory for Charm Observable #= Theory for Charm Observable

e No cancellations, e.g. Lifetime of DY can be predicted, 1/m,. works
e Cancellations, e.g. Lifetime of D™ lies in the right ball park, 1/m1. might work

e Crazy cancellations, e.g. Mixing of DY HQE might overlap with exp., 1/ m_. not excluded

e Hadronic decays: we have to first understand the B-system!
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Charm mixing - Theory

Renormalisation scale setting?

Cip =Y T9% (uf'®, J3)(Q) (ug™) 5 + ..

d1 QZ:SSanadd

€

|

AC = 1 Wilson coefficients AC = 1 Wilson coefficients

M1 and U, cancel within the ss, sd and dd contributions independently

s there any requirement to set exactly :“1 = /41 = //t1 (also during scale variation)”

ss and dd might be related via re-scattering, but sd is physically different from ss!



Charm mixing - Theory

Renormalisation scale setting?
SM

211,

0.028ps—!

A’ > 0.028ps~! = Q = = Q ~ 1 means HQE can describe Experiment

TwWO scenarios:

1.Vary u*, 1>, u? independently around m,. between 1GeV and 2 m. .

l T T I T I I T T I I T T I T I I T T I [ T T I 1 T T T T T

Qe4.6-107°,1.3

2.Phase space Iinspired scale choice

(2

3 — 0.01¢
ur =m,—2e
_ ,:/'/ e
sd __ ]
pu=m.—e€ o]
%
¢ 0.00 0.05 0.10 0.15 0.20 0.25 0.30



