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Outline of the talk

|. Evanescent operators : definitions, prescription & scheme

Il. Prescription vs Scheme:

- A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices ([2401.16904 : J.Aebischer, M.P, Z.Polonsky])




Outline of the talk

|. Evanescent operators : definitions, prescription & scheme

Il. Prescription vs Scheme:

- A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices ([2401.16904 : J.Aebischer, M.P, Z.Polonsky])

» The «shift» perspective:
- One-Loop Fierz Identities ( ),

- Dipole Operators in Fierz Identities ( )

» Shifts in the context of change of bases of NLO ADMs:

- Renormalization Scheme Factorization of one-loop Fierz Identities ( )

[Buras & Weisz (1990)], [Buras, Misiak, Urban (2000)], [Jenkins, Manohar, Stoffer (2018)], [Dugan & Grinstein (1991)], [Herrlich & Nierste (1995)],
[Aebischer, Bobeth, Buras, Kumar (2020-2021)], [Bélusca-Maito, llakovac, Mador-Bozinovic, Stockinger (2020)], ['t Hooft and Veltman (1972)], [Buras &
Girrbach (2012)], [Chetyrkin, Misiak, Munz (1998)], [Dekens & Stoffer (2019)], [Grzadkowski, Iskrzynski, Misiak (2010)]...
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General Context

Consider a set of physical operators {Q}, and compute one-loop matrix elements (Q)(l) :

> Dirac Structure {D} . In d=4, they map back to the physical basis :

D = FiQ




General Context

Consider a set of physical operators {@}, and compute one-loop matrix elements (Q)) :

> Dirac Structure {D} . In d=4, they map back to the physical basis :

D = FiQ

# In dim. reg (d=4-2¢), no unambiguous way to continue Dirac Algebra !




Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

l

[See Luca’s talk]




Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:




Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:

E =D- FQ F=Fi+)Y €0,
| n=1 T

The d=4 part is fixed.

Constants fix the scheme dependence.




Evanescent operators, Prescription and Scheme dependence

To account for this, we must :

» specify a prescription (i.e. how to treat Dirac Algebra: NDR, HV, Larin,...),

» introduce Evanescent Operators for the structures that cannot be reduced with the prescription:

E=D—FQ F:f4—|—26n0n
| n=1 T
# E ‘d:4 — The d=4 part is fixed.

= (E) #0 '

Constants fix the scheme dependence.

|—> Finite pieces to be taken into account  [See Matthias’ talk]
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Physical Observables must be independent of both the scheme and the prescription
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Physical Observables must be independent of both the scheme and the prescription

# Different schemes and prescriptions lead to different ev. basis and reducible structures
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Physical Observables must be independent of both the scheme and the prescription

# Ditfferent schemes and prescriptions lead to different ev. basis and reducible structures

(0) (151)
70, Q; — 2074 Q QJ e NLO ADM cancels one-loop matching scheme dep.
(1) (1; 1)
1Q,Q;, — 452@ Q; 252 5ZE L Qi * Subtract ev-to-ph. to decouple the two sectors

T [Many talks today about 2-loop running]

Evanescent-to-physical mixing
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Physical Observables must be independent of both the scheme and the prescription

# Ditfferent schemes and prescriptions lead to different ev. basis and reducible structures

(0) (151)
70, Qi — = 2074 Q QJ e NLO ADM cancels one-loop matching scheme dep.
(1) (1; 1)
1Q,Q;, — 452@ Q; 252 5ZE L Qi * Subtract ev-to-ph. to decouple the two sectors

T [Many talks today about 2-loop running]

Evanescent-to-physical mixing

» How does the choice of prescription & scheme affect NLO ADMs ?

» |Is there a « smart » choice to simplify / remove the ev-to-ph. mixing ?
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections

LD —yf (@PLyg)é — yf’ (EPRw)qﬁ + h.c.

|

Qs — (E”PLIL) (EPLVE)? Qt — (PMO'HVPLﬂ) (éO'm,PLI/e)
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections

LD —yf (gPLyg)qé — yf’ (EPRyg)gb + h.c.

Qs — (l_”uPLﬂ) (éPLb’e)j Qt — (JDMO'HVPLHJ) (éO_uyPLVe)

» One-loop matching + Two-loop running in 3 different prescriptions (GP, NP, NDR)

» Understand how different choices of prescriptions affect the ev-to-ph. mixing in the NLO ADMs
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

 Greek Prescription™ (GP): no ev. ops., only replacement rules
((TMFPL’}/&’}/‘?) &) (’}/ﬁ’chWPL) — (48 — 806) (PL) X (PL) + (12 — 146) (J‘”“”PL) X (JWPL)

T

Structure arising at 1-loop

16 *Tracas & Vlachos (1982)




A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

 Greek Prescription™ (GP): no ev. ops., only replacement rules
((T”“PL’}/&’}/’Q) &) (’}/ﬁ’}/er';WPL) — (48 — 806) (PL) X (PL) + (12 — 146) (J“”PL) X (JWPL)

T

Structure arising at 1-loop

(0) (1;1)
V0.0, = 204 @-@j

(1 (111) o ATT)
o, = 4025, QW

(By construction)

17 *Tracas & Vlachos (1982)




A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

* No-Prescription (NP): ev. ops. for all Dirac structures
E1 — (ﬂpPLf}(ﬂr}/Uﬁ) (E’YHW;LPLHE) o (4 T Eﬁsl)(gs o (1 o Eﬁtl)Qt

E, = (Ij’ﬂO'IWPL’y&’}/H;L) (EvﬁvﬂaﬂyPLve) — (48 — EESQ)QS — (12 — €042) Q.
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

* No-Prescription (NP): ev. ops. for all Dirac structures

E1 — (ﬂpPLf}(ﬂr}/Uﬁ) (E’YHW;LPLHE) o (4 T Eﬁsl)(gs o (1 o Eﬁtl)Qt

Fy = (EHJ“L’PLW”’}/H;L) (E’)fﬁ’yﬂJWPLye) — (48 — EESQ)QS — (12 — €042) Q.
'@' New structures are generated when inserting ev. ops. -> more ev. ops. !

By =0, Py v 1) (evsvavmuPrve) — (64 — €57,,)Qs — (16 — €5,) Qs

E; z(ﬂ#cr”“PLf}/“qﬂS”ny}f ,u) (Ef}/pf}/g’yﬁ'}/&{:rwpg,vﬂ) (768 — Eﬂ'bz) () — (192 — Eﬁﬁ) ();
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

* No-Prescription (NP): ev. ops. for all Dirac structures

E1 — (ﬂpPLf}(ﬂr}/Uﬁ) (E’YHW;LPLHE) o (4 T Eﬁsl)(gs o (1 o Eﬁtl)Qt

Fy = (EHJ’L”PL'y”'yﬁ;L) (EvﬁvﬂaﬂyPLve) — (48 — EESQ)QS — (12 — €042) Q.

'@' New structures are generated when inserting ev. ops. -> more ev. ops. !

—/

By =0, Py v 1) (evsvavmuPrve) — (64 — €57,,)Qs — (16 — €5,) Qs

E; z(ﬂ#cr”“PLf}/“qﬂS”ny}f ,u) (Ef}/pf}/g’yﬁ'}/&{:rwpg,vﬂ) (768 — Eﬂ'bz) () — (192 — E{Tu)Qt

e NLO ADMs should not depend on these scheme constants!

| Yy = T4 T2 123t1 Os1 45“ | T4 T2
e « pure scheme »: ZU9 — ( s 4 4 1 s i

E _ _ , _ 7 _ _ o
© \—120, — 400+ L2 — 125, —%2 — 120, — 6oy + 22
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

» Muon decay via a heavy scalar + QED corrections with 3 different prescriptions (GP, NP, NDR)

* Naive dimensional regularization: d-dim Dirac algebra + scheme-dependent ev. ops.

ENDR = (Iz_*’H’Y“’Yy’}’H’YﬁPLﬂ) (E%%M’}’ﬁﬂ;b’e) — (64 — EJS)QS ( 16 — EJt)Qt

— (I'_’HJWPL’YH’Yﬁ”) (E78Ya0w Prve) =(48 — (16 + 05)€) Qs
+ (12 = (22 + 04)€) Q¢ + Expr

A Re-ordering of Dirac matrices to project on the chosen ev. ops. -> ev-to-ph. is not pure scheme anymore!

/

2435 = (160 + 50, — 120, — % —40 — % + 30, — %)
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

All NLO ADMs agree (up to scheme choice)...

77T | 4— — T 52 11 | 051 | 7oy T2
?(1) B 3 T 3051 + 000 — = 9 T8 T 73 R
NP 176 — T <2 — 143 — T 52 A0 ¢2
3 61.’}'31 | ; | ﬁﬂ'tg 3 ﬁﬂ'ﬂ | § | 3
'3 13 5
(1) 39 18
Tap 172 115
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

All NLO ADMs agree (up to scheme choice)...
What about GP that has no ev. ops. ? Can we forget about them ?

0) _ (1;1) j
V0., = 204 EQ;,

(1) (111) ¢ ATD)
Yo, = 90245, QW

(By construction)
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

All NLO ADMs agree (up to scheme choice)...
What about GP that has no ev. ops. ? Can we forget about them ?

(0) (1;1)
V0., = 204 E-Qj

(1) (111) ¢ ATD)
Yo, = 90245, QW

(By construction)

# GP seems to feature a smart choice of replacement rules -> no need to insert ev. ops. !

What is the «general»* condition to have a prescription free of Evanescent-to-Physical mixing ?

24 *More on this later!




A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij;ﬂ>(1) X (775'51 FmF?Fﬂz¢bz)(@Bb:aFCE:EP?PCEszsz)

25




A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij;ﬂ>(1) X (775'51 FmF?Fﬂz¢bz)(@Bb:aFCE:EP?PCEszsz)

— (1);a—0b (] a 7 a kf;c
Ealicxg;cxgajm B (¢fﬂ1 Frxlri Fﬂ:z 71be2 ) (77/)333 Fﬂi‘d Fj Fﬂf4 7’/)334) o Calif:ez;rx;;jrm;m—}h Qk’f;fi '
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij;ﬂ>(1) X (775'51 FmF?Fﬂz¢bz)(@Bbgrﬂ:arﬁrﬂmwm)

— E(l);ﬂr%b — (?u;fllr qurxz?ubhz)(i}h:jr F{%Fa47~/)f}4) - Ckf;ﬂ Qkf;fi'

110025003 (g 1+ g a3z 9 1t 3 jog;a—b

This ev. ops. can mix with physical ops! -> compute finite subtractions
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij;ﬂ>(1) X (775'51 FmF?Fﬂz¢bz)(@Bbgrﬂ:arﬁrﬂmwm)

— E(l);ﬂr%b — (?u;fllr qurxz?ubhz)(i}h:jr F{%Fa47~/)f}4) - Ckf;ﬂ Qkf;fi'

110025003 (g 1+ g a3z 9 1t 3 jog;a—b

This ev. ops. can mix with physical ops! -> compute finite subtractions

(1) _ _
1);a—b a a
<E;§:1)ify;13jrx4 > X (77//’61 Fﬁl Fﬂfl Fi Fﬂfz Fﬁz wﬂz ) (7//’:33 F53 Fﬂm Fj FEM Fﬁfl 77/}&1)

kl:d T N
o Oaliﬂ:g 3 jog;a—b (770*31 Fﬁl Fgrﬁz 770"32) (/(/)*33 F53 Fgrﬁfl ??/)E/l )
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij‘;ﬂ> . X (Q?Efn Lo F?Fﬂz wbz) (@Bbg Fﬂf:ﬂ F?Fﬂ4 ?7054 )

— (1);a—0b Al a 7 a kf;c
Eﬂfliﬂzaﬂajﬂ4 IR (71be1 Fﬂflri Fﬁz ¢flz)(¢fia Ffl‘t‘d Fj Fﬂmlph.g) T Oaliaz;&:;jrx4;a—}f; Qk’f;ﬂ |
This ev. ops. can mix with physical ops! -> compute finite subtractions

(1) _ _
1);a—b a a
<E(&1)if1’;:13jﬂ:4 > X (1/)61 Fﬁl Fﬂfl Fi Fﬂfz Fﬁz wﬂz ) (1/463 F33 Fﬂm Fj Fﬂ’fl Fﬁzi 77/)&1)
kl:d T N
o Oﬂ:liﬁg ‘vz j g ;a—b (77061 Fﬁl Fgrﬁz wﬂz) (1/)63 F53 Fgrﬁzl 7/)11-4 )

(2);a—c

Eﬁ1&1i&2ﬁ2;ﬁ3&3ja4ﬁ4 :(@Cl Fﬁl Fﬁfl F?FQQ FQQ ¢C2 ) (77503 FﬁSFQB F?Fﬁél Fﬁzl/l/}&l)

ke:d Q
BrariazBa;Bzasjoasfaa—re X kbid -
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

<Q‘ij‘;ﬂ> . X (775'51 Lo F?Fﬂz bez) (@Bbg PCE:} P?FCM ?7054 )

—_—> E(l);ﬂ%b — (@fllrrxlrgr‘l&z%bhz)(l;t'}:jr quﬂ4¢fi4) o Okf;ﬂ Qkf;fi'

1102303 04 a3~ 9 1t 3 jog;a—b

This ev. ops. can mix with physical ops! -> compute finite subtractions

(1) _ _
1);a—b a a
<Efgil)iﬂ’;{13j&4 > X (77//’61 Fﬁl Fﬂfl Fi Fﬂfz Fﬁz wﬂz ) (7//’:33 F53 Fﬂm Fj FEM Fﬁfl 77/}&1)

kl:d T N
o Oaliﬂ:g 3 jog;a—b (770*31 Fﬁl Fgrﬁz 770"32) (1/),:3 F53 Fgrﬁfl ??/)E/l )

- d — d _ (1)d—c 3 o
(wcl Fﬁlrkrﬁz%z)(wc:arﬁarf I ﬁﬁbcﬂ — E51k52;63£ﬁ4 T ngﬁg;ﬁggﬂgL;d—}CQmﬂ;f

(one-loop physical operator insertion)
30




A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

. (1) _ _
1);a—b a a
—_— <Eél)iﬂ;{13j{l4> OC(’LDCI Fﬁl F[]gl F’l F&2F32¢C2)(¢C3F53Fa3rjrﬂ4rﬁd¢ﬂd)

kl:d T N
o Oﬂliﬂg;ﬂgjﬂi.i;ﬂ,—}b (wﬂl Fﬁl Fgrﬁz wﬂz) (Q/f’ca F,B:a Fgrﬁzl 1/)'&1 )

o o

E(l)‘;a—}»b | (1) ~ E(?);a—}»c _ kbd E(l);d—)c
110250037 U4 BratiasB2;B3a3jae By a1iag;a3jag;a—b " B1kB2; 354
mn; f  kbd mn; f
+ (Kﬁlalicxgﬁg;ﬁ3a3ja4,34;a—}c Cﬂkliﬂig;&3j£l{4;ﬁ—}bcﬁlkﬁg;ﬁ3€64;d—>6) an;f

Evanescent-to-physical mixing vanishes if:

Kmn;f _ Ckf;d Omﬂf&f

BraiiazBa;B3azjasBa;a—c ajiag;asjag;a—b " BrkB2;B3LB;d—c
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Evanescent-to-physical mixing vanishes if:

kl:d mn; f
alia;agjog;a—b B1kBo;B3LB;d—c

mn; |

BraniagBa;B3a3jasBa;a—>c

In our simple example, the effect of the evanescent operators on ADMs is
equivalent to that of replacement rules

(Fﬂflrirﬂfﬂ) & (Fﬂ3rjrfr4) — OM (Fk‘) & (Tf) ;

(1100237 Q¥4
(Fﬁlrﬂflrirﬂizrﬁz) & (F53F&3Fjrﬂ4rﬁ4) — Oi:g EEBg;ﬁgfm (Fm) X (Fﬂ)

12025037 04

29 [ine = recursive application of the first line, as is required for
such a prescription to be self-consistent
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Lessons:

. (PLy"") @ (v, PrL) =4 —€0s1)(PL) ® (Pp) + (1 — €041) (0" PL) ® (0 PL)
l. FIXIng P N e
(O'HVPL’)/Q’YB) @ (Q/BQ/QO'MI,PL) —>(48 — 6552)(]9[,) ® (PL) -+ (12 — Egtg)(O'uyPL) @ (O_puPL)

# Completely specifies the Dirac structure reduction at NLO:

(P v*y7) @ (VavaruPr) — (64 — {8 + T2 + 48741 }e) (Pr) @ (Pp)
—+ (16 — {Esl —+ 16Et1 —+ 5&}6) (O'H'UPL) X (O-,u,vPL) .
(JMVPL'Y&’Y)@’YJVP) ) (%%’Yﬁ’)’a%yPL) —>(768 T {48551 + 16552 + 485&}6) (PL) X (PL)

+ (192 — {T 2 + 48541 + 2470 }e) (0" Pp) @ (0., PL) -
NLO scheme constants are fixed!
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Lessons:

Il. Treatment of Dirac structures at LO and NLO should be consistent

Exor = (7,77 7Y Ppp) (67,70 Yav8Prve) — (64 — €05)Qs — (—16 — €04) Qs

—> (V"Y' Y PL”) @ (e VesPL) + Expr tofix  Elpr v

(Re-order) | |
— (’)/”’YF’VG’YQ’)/J’Y‘OPL) R (Y YaV8Ye Yo Pr) + ENDR SPOIls the ev-to-ph. cancellation!
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A Simple Dirac Prescription for Two-Loop Anomalous Dimension Matrices [2401.16904]

Disclaimer [More on this in Zach’s talk]

(D

F—— === ==

Nested divergences «/ Overlapping divergences ?

35




Conclusion

Recursive and well-suited for automation

Ensures vanishing of evanescent-to-physical mixing -> no need to insert ev. ops.

v traces still problematic -> needs to be treated separately

Scheme transformation might be complicated

Generalization / applicability -> Zach’s talk

36

[2306.16449 : J.Aebischer, M.P, Z.Polonsky]




Backup Slides

37



Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Relating two bases with different schemes :

Qi};é‘ = (Ro + A)@s;s
—— T
Scheme &
Prescription

Shifts (« Generalized » {1 )

38




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Relating two bases with different schemes :

Qi};é‘ = (Ro + A)@s;s
—— T
Scheme &
Prescription

. . Scheme dependence of E
Shifts (« Generalized » R )

AG)O = Pos ({1

|

Projects the matrix
elements on the Q-basis
using the 2-scheme

The double scheme-dependence

appearing in the shifts factorizes

39




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change

é — Ro(@ + WE)

Change of bases formula for LO and NLO ADMs :

) B Zod) = Ro |WZyo'| Ry
79 = Ry R; (// I

;‘)"/(1) — Rofy(l)Ral _ Z(,.,l.’..,o) :)'/(O) — 25(0)2(1’0) These are our shifts :

Ry = —RWZp)

40 *Gorbahn, Jager, Nierste, Trine (2009)




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change

Q:M O=Ry(G+WE) & E= M(EUG + (1 + cUW)E)

Change of bases formula for LO and NLO ADMs :

1;0 1;0 1;1 1;1 1;1 _
203 = Ro (W2 — (253 + w2y — 255w ) U | Ry

;3’/(0) _ RO'Y(O)Ral - Q@\ \ ' |

2 (1) (1) p—=1 _ | 7(10) ~(0)| _ 943(0)(1,0) ev-to-ev
Y RO%/ RO _ZQQ , Y _ 26 ZQ
| >S9

~ o~ *Gorbahn, Jager, Nierste, Trine (2009)
209 Chetyrkin, Misiak, Miinz (1998)
Gorbahn, Haisch (2005)

4 Brod, Gorbahn (2010)




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Another example™ : basis change

éw O=Ry(G+WE), E

Change of bases formula for LO and NLO ADMs :

X 0) p—1 %
O = Ry Y R, - ~_
AR Ro’)/(l)Ral ZSQO)’ 50| _ QB(O)Z(~110)

# Need to relate ev. ops. of the two bases (M and U matrices)

# Need to compute 1-loop matrix elements ev. ops.

42

2 0. AN 4

M(eUQ + (1 + eUW)E)

N

$

) — (2o + w2y - 255w Ul Ry

J

|

ev-to-ev

*Gorbahn, Jager, Nierste, Trine (2009)
Chetyrkin, Misiak, Miinz (1998)
Gorbahn, Haisch (2005)

Brod, Gorbahn (2010)




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Instead : use shifts !

43




Renormalization scheme factorization of one-loop Fierz identities [2306.16449]

Instead : use shifts !

# No need to relate anything accross different bases,

# 1-loop matrix elements of physical operators only,

# the shift factorises the schemes : erases S - dependence & restores S - dependence

44
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