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1 . BBE,[IEHHE 

noRB~BW~eCR yKa3aH~R Ha 06Hapy~eH~e Kan~6pOB04H~X 6030HOB 
3neKTpocna6~X B3a~MOAe~CTB~~ /l/ RBnR~TCR OAH~M ~3 Ha~6onee 
c~nbHbiX apryMeHTOB s nonb3Y cTaHAaPTHO~ MOAen~ SU(2) x U(l). 
Ho OKOH4aTenbH~M ee nOATBep~AeH~eM MO~eT CTaTb n~Wb Ha6n~AeH~e 
CKanRpHoro x~rrcoscKoro 6o3oHa /H -6o3oHa/, ~eHoMeHonor~4ecK~e 
CBO~CTBa KOTOporo nOAp06HO On~caH~ B PRAe o630p0B /CM., Hanp~

Mep, 121 /. 
HeyAa4~ no~cKos x~rrcoscK~x 4acT~~ s 3Kcnep~MeHTanbHO ~3y-

4aeMo~ o6nacT~ 3Hepr~~ He npoT~sope4aT npeACKa3aH~RM CTaHAapT
HO~ MOAen~. ,[le~CTB~TenbHO, TeopeT~4eCK~e paC4eT~ noKa3~Ba~T, 
4TO ce4eH~R po~AeH~R ~ WMP~Hbl pacnaAOB cpasH~TenbHO nerK~X 
H-6o30HOB AOCTaT04HO Man~ /eM. 121!. TaKMM o6pa3oM, o6Hapy~eH~e 
Aa~e AOM~H~PY~~~x npo~eccos c y4acT~eM MaKc~ManbHO TR~enbiX ~3 
AOCTynH~X no 3Hepr~RM 4aCT~~ CBR3aHO C cepbe3H~M~ 3KCnep~MeH
TanbH~M~ TPYAHOCTRMM. 0AHaKO Macca H -6030Ha RBnReTCR CB060AHbiM 
napaMeTpOM Teop~M ~ MO~eT ~3MeHRTbCR B W~POKOM ~HTepsane 3Ha4e-
u .... --:. /7 r...,.o / ... / 1 T"O I "'"'""".,..""''.'' LJ~'"'L "'" ....... ._,.,..ll'\11-..,..l_ ,..,,IIIOr"T'Dr\D~LJIAc=:'l .. , ... ,,·--...;;;· .. H...::.··--,.··--·-··..~··- .. ·--·· .. _., ... ,_,_,_ -,J-,--·----· 

TR~en~X CKanRpH~X 4aCT~~. KOTOp~e 6YAYT Ha6n~AaTbCR Ha YCKOp~
TenRX cneAY~~ero noKoneH~R /o6cy~AeH~e eM. s'31;. 

np~rOTOBneH~R K nO~CKy TR~enbiX H -6o30HOB BKn~4a~JT B ce6R 
B~4~CneH~R paA~a~~OHH~X nonpaBOK K Ce4eH~RM ~X pO~AeH~R ~ W~p~

HaM nocneAY~~~X pacnaAOB. K 4~Cny y~e ~3y4aBW~XCR sen~4MH OTHO
CRTCR xapaKTepMCT~K~ npo~eCCOB C y4aCT~eM aAPOHOB, B KOTOP~X 
3aMeTHY~ ponb MoryT MrpaTb c~nbHble B3a~MOAe~cTB~R. TaK, AnR 
pacnaAa TR~enoro KsapKOHMR V ~ H +y ~ pacnaAa TR~enoro H -6o3oHa 
s aApOHbl ~x BKnaA np~BOA~T K 20-30% nonpasKaM nopRAKa O(a s) 
/CM. COOTBeTCTBeHHO /4/ ~/5/ /. H ecn~ B nepBOM cny4ae y4eT OTp~
~aTenbHO~ A06asK~ 141 noH~~aeT TeopeT~4ecKoe 3Ha4eH~e w~p~H~ 
pacnaAa, TO so sTopoM nonpasKa ~MeeT nono~~TenbHY~ sen~4MHy 151 

4TO ysen~4~BaeT sepORTHOCTb 06Hapy~eH~R TaKO~ peaK~~M. 
B HacToR~e~ pa6oTe M~ B~4~cnReM 3-neTnes~e nonpasK~ K 

r tot ( H ~ aAPOHbl) B cny4ae' KOrAa Mace a H-6o30Ha 3Ha4~TenbHO 
npeBOCXOA~T Mace~ KBapKOB, ~parMeHT~py~~MX B aApOH~. np~MeHeH~e 

onepaTOpHOrO pa3nO~eH~R K ABYXT04e4HO~ ~yHK~~~ CKanRpH~X KBap
KOBbiX TOKOB n03BOnReT CBeCT~ 3TY 3aAa4y K 3aAa4e HaXO~AeH~R 
3-neTneBbiX nonpaBOK K ee K03~~~~~eHTHbiM ~yHK~V.RM, KOTOpble Mbl 
6yAeM B~4~CnRTb s 6e3MaccosoM npeAene. Bo3MO~HOCTb nposeAeH~R 

TaKoro pac4eTa rapaHT~pyeTCR ABYMR ~aKTaM~. Bo-nepBbiX, cy~ecT

syeT anrop~TM B~4~cneH~R 3-neTnes~x 6e3Maccos~x paaMepHo-pery-
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nRp~aosaHH~x ~HTerpanos 161 . Bo-sTop~x, oH pean~aosaH s BMAe 
nporpaMM~ Ha c~cTeMe aHan~T~4ecK~x B~4~cneH~~ SCHOONSCHIP/ 71 . 

0AHaKo KoppeKTH~~ TpexneTneso~ aHan~a ac~MnTOT~4ecKoro nose
AeH~R r~t(H ~ aApOH~) He MO~eT 6~Tb B~nonHeH 6e3 np~sne4eH~R 
AOnOnH~TenbHO~ ~H~OpMa~~~ 0 COOTBeTCTBy~~~X np~6n~~eH~RX 
peHOpMrpynnOB~X ~yHK~~~. fl~Wb y4eT TpexneTneB~X nonpaBOK K 
f3 -~yHK~M~ 181 ~ aHoManbHO~ paaMepHOCT~ MaCCbl Ym (a 8 ) 

191 AenaeT 
ero caMocornacosaHH~M. TaK~M o6paaoM, Haw pac4eT RBnReTcR np~
MepoM B~4~cneH~R ~~3~4eCKO~ senM4~H~, B KOTOpOM ~cnonb3y~TCR 
TpexneTnes~e np~6n~~eH~R 3T~x peHopMrpynnos~x ~YHK~~~. 

HacToR~aR pa6oTa nocTpoeHa cneAY~~~M o6paaoM: s pa3Aene 2 
M~ on~weM npo~eAYPY B~4~cneH~~. s paaAene 3 np~BOARTCR peaynb
TaTbl pac4eTOB, s pa3Aene 4 o6cy~AaeTCR ~x np~MeHeH~e K aHan~ay 
ac~MnToT~4ecKoro noseAeHMR r~t(H ~ aAPOH~). Pa6oTy aasepwaeT 
a a Km:>4eH~e. 

2. PEHOPMfPYnnOBO~ nOAXO,[I 

Mbl 6yAeM paccMaTp~saTb cTaHAaPTHyY.l MOAenb SU(2)Lx U(l), 
B paMKaX KOTOpO~ narpaH~~aH B3a~MOAe~CTB~R H-6o30Ha C KBapK
aHTMKBapKOBO~ napa~ ~MeeT B~A 

/2.1 I 
J = rn q q; q = u, d, s, c, b, t , .... q 

nonHaR w~p~Ha pacnaAa cKanRpHoro 6o30Ha s aAPOH~ onpeAenReTCR 
MH~MO~ 4aCTb~ ABYXT04e4HO~ ~YHK~~~ CKanRpH~X KBapKOB~X TOKOB: 

r tot (H ~ a,l:lpOHbl) 

/2.2/ 

Ben~4~Ha /2.2/ He RBnReTCR 4~CTO MynbT~nn~KaT~BHo-nepeHopM~
pyeMo~ ~ Tpe6yeT AOnOnHMTenbHbiX B~4~TaH~~. 4TO HeCKOnbKO ocnom
HReT B~4~cneH~R. 0AHaKo B ~HTepecy~~eM Hac np~6n~~eH~M no Mac
caM KBapKOB /HanoMH~M, 4TO M~ paccMaTpMsaeM cny4a~ TR~enoro 
H -6o3oHa c Maceo~ MH>>2rn I MO>KHO CKOHCTpy~posaTb peHopM~Hsap~-
aHTH~~ 06beKT q 

/2.3/ 
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YAOBneTBOP~~~M~ ypasHeHMD peHopMrpynn~ 

2 a a a Q
2 

(!L - + {3(as)-- +Ym (as)-)DR(-, m,a 8 ) = 0, 
all 2 aa s am IL 2 

/2.4/ 

B KOTOpOe B BMAe K03~~M~MeHTOB npM 4aCTH~X npOM3BOAH~X BXOA~T 
peHopMrpynnos~e ~YHK~MM, onpeAeneHH~e cneAY~~MM o6pa3oM: 

1 1 2das as i+2 
- {3 (a ) = -!L - = - ~ {31 (-) ' 
4rr 8 4rr <4t 2 1~ 0 4rr 

/2.5/ 

( 
2 dm as I+ 1 

mym as) = IL -- = m ~ y (-) 
<4t2 1:::0 

1 
4rr 

PeweHMe ypasHeHM~ /2.4/ MMeeT npocTo~ BMA, 

Q2 - -
DR( 2 , m, as)= D(1, m, a 8 ), 

/2.6/ 

iL 
M Bbipa)t(aeTC~ 4~pe3 3~~eKTMBHY!O KOHCTaHTY CB~3M ;is (Q 2) M 3~$eK
TMBHYIO Macey m (Q 2 ) , KOTOpble, B CBO:O 04epeAb, ~Bn~IOTC~ peweHM
~MM ypa BHeHM~ /2. 5/ C Ha4anbHbiMM ycnOBM~MM as (iJ.

2
) = as , m (1J.

2
) = rr~ 

B HaC TO~~ee speM~ K03~~M~MeHTbl ~YH K~MM {3 (a 8 ) M y m(as ) Bbi4MC
neHbl BnnOTb AO 3-neTnesoro npM6nM)t(eHM~ /eM. /S, 

9
/ COOTBeTCTBeH-

HO/: 

Po 

{31 

{3 2 

~ 

u -21 

102 _ 38 r· 
3 • 

~ -~r + 325 r2 ;9; 
2 18 54 

Yo = 4 ; 

Y = 202 _ 20r; 
1 3 9 

Y2 

/2.7/ 

374 + ( 160 ((3) -2216) f 
3 3 27 

- 140 f 2 /9/' 
81 

rAe f - 4MCnO KBapKOB~X apoMaTOB. ~cnonb3Y~ 3TM pe3ynbTaT~, 
MO)t(HO napaMeTpM30BaTb 3~~eKTMBH~e KOHCTaHTbl C nOMO~b~ MaCWTa6-
HOrO napaMeTpa A. ~ ecnM Bblpa)t(eHMe An~ as AOCTaT04HO KOM-

naKTHO: 

4 

~ =-1- _ f3tlnL+_1_({3~lnL -{3 1 lnL +f328o-f3;); 
4rr t:~ L {3 SL2 {36 L3 

~-'o o o 
Q2 

L = ln-, 
A2 

/2.8/ 

TO aHanorM4HOe COOTHOWeHMe An~ 3~~eKTMBHO~ MaCCbl ID MMeeT 6onee 
rpoM03AKM~ BMA· B 3TOM nerKo y6eAMTbC~, pewMB BTopoe M3 ypasHe-

HM~ /2.5/: a 

m(Q 2 ) = ;; exp\ (
8 

y(x) dx + .2:'.2.m(~)l 
{3 (x) f3o 2rr 

,.. f3o;;s Yoff3o Y 1 Yof31 as 
=m(--) \1+(---)(-) + 

2rr f3o {3 5 4rr 

l Yt 
+ -((-;-

2 f-'0 

_ Yof31) + (2:!. + f3fYo _ Yof32 

f3J f3o {3 ~ f3J 

/2.9/ 

Y1 f31 as 2 __ ))(-) + ... !, 
f3J 4rr 

rAe MHBapMaHTHa~ Macca m - e~e OAMH 4MCnOBO~ napaMeTp TeopMM, 
a BMA aAAMTMBHO~ A06aBKM B 3KCnOHeHTe COOTBeTCTByeT o6~enpMH~
TOMY B~6opy HeonpeAeneHHO~ KOHCTaHT~ MHTerpMpOBaHM~ /eM. HanpM
Mep, 151!. nepenMcas P~A /2.9/ s TepMMHaX napaMeTpa A, nony4MM: 

- 2 ,.. 2 Y/ f3o 1 ln L 
m(Q ) = m(-) \1 + -(f30Y1 - f31 Y0)-- f31Yo + 

L {33L (33 L 
0 0 

+ +,<f3o4Y2 + f3gy; -{30
3

{31 Yt - {3~{32yo +f3o
2
{3;y1-

28nL 

2 2 3 2 2 R Q 2 {3 2 3) + 
- 2{30 {3

1 
Yo Yt + 3f3of3.z Yo- 2f3o {31 Yo- 1'-'U ~-'2 Yo+ 1 Yo 12.10/ 

lnL 3 2 2 2t:~ {3 {3 2 2 t:l 2 3) 
+ -(-2f3of31y1 + 2f3of31yo- 2f3o,_,1yOy1- o 1Yo +,...,1Yo + 

2{37L2 
0 

lrfL 2t:~2 t:~ t:~2 2 2 t:~2 3 )I 
+ ~<-3f3o,_,1 Yo+ 7~-'o~-'1 Yo- ~-'1 Yo ' 

2f3b L2 

B ~en~x 3KOHOMMM MecTa M~ 6yAeM B AanbHe~weM nonb30BaTbC~ nMWb 
npeo6pa3oBaHHbiM K 4MCneHHOMY BMAY nepBbiM onpeAeneHMeM m ' noA
pa3yMeBa~ AanbHe~wee pa3no)t(eHMe B P~A no o6paTHbiM norapM~MaM. 

~TaK, An~ Bb14MCneHM~ 3-neTneBblX nonpaBOK K ltot(H->aApOHbi) 
Heo6xoAMMO, so-neps~x, s~4MCnMTb 3-neTnesy~ nonpaBKY K D-c!JyHK
~MM /2.3/ B npOCTpaHCTBeHHOnOA06HOIA. o6naCTM q 2 = -Q 2< 0, BO
BTOp~X, npMMeHMTb peHopMrpynny H y4eCTb ~BH~e 3-neTnes~e npeA
CTasneHM~ /2.8/, /2. 10/ M, s-TpeTbMX, BOCCTaHOBMTb BMA l tot 
(H -> aApOHbl) BO speMeHMnOA06HO~ o6nac TM q 

2 
= -Q 

2 
> 0 npH nOMO~H 

B~4HCneHH~ HHTerpana 
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da - --0(1, m(a), a (a)). 
, a s /2.11/ 

3aMeTHM, 4TO 8 3TOC\ pa6oTe M~ HHTepeeyeMeR aeHMnTOTH4eeKHM 
no8eAeHHeM r tot ( H ... aApOH~) BAanH OT o6nae Tee\ o6paso8aHHR peso
HaHe08, 8 KOTop~x ey~eeTBeHHy~ ponb Hrpa~T noporo8~e H peso
HaHeH~e KHHeMaTH4eeKHe oeo6eHHoeTH. CneAOBaTenbHo, M~ TaK>Ke 
MO>KeM BoeeTaH08HTb 8HA rtot npH nOMO~H npo~eAYP~, OTnH4a~~eC\eR 
OT H3nO>KeHHOC\ 8~We noeneA08aTenbHOeTb~ npHMeHeHHR peHOpMrpynn~ 
H aHanHTH4eeKOro npOAOn>KeHHR 80 8peMeHHnOA06Hy~ o6naeTb /eM. 
PHeyHOK/. 

Q2 
TIR (2, m, as) 

j.L 

f o6pa!lleHMe (2.3) 

Q2 
DR(~, m, a 8 ) 

aHaJI. npoAoJI. 
Q2=-q2+ if 2 

Im nR ( ..!1:..2 ' m 'a ) 
j.L 8 

1 Pr q
2 

> o 

rtot (iii, ci"s) I q2=M2 
H 

r 
-tf+iE da _ _ 1 f -D(l,m(a),a

8
(a)) 

2i a 
- q2 - il 

CxeMa soccTaHonneHHH 
ITOA06HOH o6naCTH. 

rtot ( H ... aApOHbl) BO BpeMeHH-

3. Bb14J.1CnEHJ.1.R 

OnHeaHHe HenoepeAeT8eHH~x pae4eTo8, KOTop~e M~ 6yAeM npo8o
AHTb 8 paMKax pasMepHo~ perynRpHsa~HH H eeebMa YA06Ho~ e npaK
TH4eeKoCI T04KH 3peHHR MOAH$HKa~HH exeM~ MHHHManbH~X B~4HTaHH~ -
G-exeM~ 1101 , M~ Ha4HeM e paeeMoTpeHHR peHopMHHBapHaHTHoro 

06beKTa /2.3/, YAOBneTBOpR~~ero eOOTHOWeHH~: 

/3.1/ 

6 

HeTPYAHO noKa3aTb, 4TO AnR ero 8~4HeneHHR 8 3-neTnesoM npH6nH
>KeHHH HY>KHO 3HaTb 8bJpa>KeHHR AnR ''ronoe\ 11 Maeebl m B 8 2-neTneBOM 
npH6nH>KeHHH /]1/: * 

/3.2/ 

D 
C A = 3 ; T(f) = "'f ; l = 2 - 2 ; 

"ronoro" sapRAa aB 8 1-neTne80M npH6nH>KeHHH: 

a =a (1 - {3 0 /d~)). {3 0 = 11/3 CA - 4/3 T(f) / 121, 
B s 4rr 

H OT8eT~ AnR paeXOAR~HXeR HHTerpano8, Aa~~HX 8KnaA 8 ABYXT04e4-
Hy~ $YHK~H~/2.2/. 

Bee AHarpaMM~ 6~nH 8~4HeneH~ aHanHTH4eeKH npH noMO~H ynOMH
Ha8weCieR 80 B8eAeHHH nporpaMMbl, npeAeTa8nR~~eCI eo6oe\ MawHHHY~ 
peanH3a~H~ anropHTMa B~4HeneHHR pa3MepHo-perynRpH30BaHH~X eKa
nRpHbiX HHTerpano8 nponaraTopHoro THna snnoTb AO KOHe4HO~ 4ae
TH/6/. npH 3TOM 8 eHny ene~H$HKH 3aAa4H AnR 3-neTne8~X AHarpaMM 
YAeP>KH8anHeb nHWb non~ea no l • CneAyeT OTMeTHTb, 4To no eeoe~ 
enO>KHOeTH paeeMaTpH8aeMaR 3aAa4a nonHOeTb~ aHanorH4Ha nep80MY 
1-nDTnD~nMv naruDTv ~ ~Vn - ~wu~rnP~~~ nnnna~nw nnnRnw~ O(ag) - .. - .. ;· . ~ 

K <1tot (e+e--> aApOHbl) /eM., HanpHMep, 110 /. 
PesynbTaT~ 8~4HeneHH~ HenepeHOPMHpoeaHHO~ ABYXT04e4HO~ $YHK

~HH /2.2/, npeAeTa8neHHble 8 Ta6nH~e, YA06Ho sanHeaTb 8 BHAe 

aB f -1 
(-) X 

4rr 

/3.3/ 

Hs /3. 1 I H /3 0 3/ eneAyeT, 4TO nepeHOPMHp08aHHOe 8bJpa>KeHHe AnR 
O-$yHK~HH MO>KeT 6~Tb HaCiAeHO H3 eOOTHOWeHHR 

*HanOMHHM, 4TO KOHeTaHT~ nepeHOpMHP08KH He 3a8HeRT OT pas
MepHbiX napaMeTp08 H, eneA08aTenbHO, OT KOHKpeTHOCi peanH3a~HH 

npo~eAYPbl MHHHManbHbiX 8bi4HTaHH~ I MS-; MS -, G-.. o exeMbl/ o 
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lim 
l-> 0 

/3.4/ 

nocne nOACTaHOBKH CHHr.L[lf1PHbiX Bblpa>KeHHi:1 AI1f1 roB H a B • nepeXOAf1 

K o6ll\enpHHf1Toi:1 cxeMe MS npH noMOli\H aaMeHbl lnQ 2/IL~->lnQ 2/p..L+2 
I eM. 1101 I*, nony4aeM HHTepecyiOli\HI:1 Hac oTseT: MS 

Q2 
DR(--, m ,a ) 

2 s 
ILMS 

3 2 as Q 2 
= -m 11 +-C (17- 61n--) + 

8IT 477 F pL 
MS 

a 2 
+ (-8) C [(925 - 169,(3)) C - (65- 16,(3)) T(f) + 

477 F 4 2 A 

+ (
6
:

1 
- 3~(3)) C F + ln~(- 284 C A+ SST(f) -105C F) + 

~-'-MS 3 3 

/3.5/ 

8 Cily4ae, KOrAa KBapKH npeo6pa3yiOTCf1 no ¢YHAaMeHTaJlbHOMy npeA
CTaBJleHHIO rpynnbl SU(3) x SU (C), oH npHo6peTaeT BHA: 

+ ln~<- 106 + ..!!..o + ln2~<1!... 
ILM-S 3 9 pL 4 

MS '-----..---' 

1 sol I. 

* nepeXOA K cxeMe MS OCyll\eCTBilf1eTCf1 3aMeHoi:1 

.... ln(Q 2/p.~5 ) + 2 + ln477-y. 

8 

/3.6/ 

2/ 2 ln (Q IL 0 ) .... 

) 

) 

rAe nonpasKa nopf1AKa O(a 8 ) socnpOH3BOAHT paHee H3BeCTHbli:1 
pe3yilbTaT /5,13/, a K03¢¢H4HeHTbl IlOrapH$MH4eCKHX 4JleHOB CBf13aHbl 

C nOiliOCHbiMH 4aCTf1MH m B H a B COOTHOWeHHf1MH, BbiTeKaiOli\HMH H3 

Tpe6oBaHHi:1 COKpall\eHHf1 paCXOAHMOCTei:1 B nepeHOpMHPOBaHHOM OTBeTe. 

,(\Ilf1 K03$¢H4HeHTa c 3 CBf13b BblrJlf1AHT OC06eHHO npOCTO: C3 : 

(2yff + f3o Yo) I 16 • BMecTe c aHanorH4HbiMH ycnoBHf1MH Ailf1 APY-

rHx K03¢$H4HeHTOB 3TO COOTHOWeHHe n03BOJlf1eT npOH3BeCTH AOnOJlHH

TeilbHY~ nposepKy pac4eTos. 

nony4eHHbli:1 pe3yilbTaT HMeeT HeCKOilbKO np~JlO>KeHHi:1, cpeAH KOTO

pbiX - Bb14HCJleHHe 3Ha4eHHi:1 MaCe IlerKHX KBapKOB npH nOMOli\H npaBHil 

cyMM, CBf13biBaiOli\HX ABYXT04e4Hble tl>YHK4HH BHAa /2.2/ c MOAeilf1MH 

$H3H4eCKHX cneKTpOB B KaHailaX CKailf1pHbiX H nceBAOCKailf1PHbiX Meao

HOB/14/. 8 HaCTOf1ll\el:1 pa6oTe Mbl OCTaHOBHMCf1 Ha paCCMOTpeHHH BTO

poro npHMeHeHHf1. 

4. nonPABKH K r (H .... AAPOHbl) 
tot 

Bee Bbi4HCileHHf1, onHcaHHble s npeAbiAYll\eM pa3Aene, npoBOAHilHCb 

B rny60KOeBKilHAOBOi:1 06IlaCTH. 0AHaKO HenocpeACTBeHHbli:1 $H3H4eCKHi:1 

HHTepec npeACTaBJlf1eT H3y4eHHe npeACKa3aHHi:1 TeOpHH B03MYll\eHHi:1 

s cseTonOA06Hoi:1 o6nacTH. CBf13b Me>KAY 3THMH ABYMf1 o6nacTf1MH 

OCYll\eCTBf1IleTCf1 nocpeACTBOM npo4eAYPbl aHailHTH4eCKOro npOAOil>Ke

HHf1, KOTOPYIO MO>KHO npHMeHf1Tb KaK AO, TaK H nOCile peHOpMrpynno

BOrO YilY4WeHHf1 pe3yilbTaTa /3.6/ /CM. pHCYHOK/. npH 3TOM B OKOH-

4aTeilbHOM OTBeTe MOryT nOf1BHTbCf1 AOnOilHHTeJlbHble nonpaBKH, npo

nOPl.IHOHailbHble 77 2 . Aei:1cTBHTeilbHO, nocne npHMeHeHHf1 peHopMrpynnbl 

K /3.6/ H 3aMeHbl nepeHOpMHPOBaHHbiX napaMeTpOB Ha 3$$eKTHBHble 

/eM. /2. 8!' /2.10/ I' Bblpa>KeHHe AI1f1 r tot npH06peTaeT BHA 

I CM. /2. 11 I I: 

2 
-MH+ ll ds lnJ L s 

I c .J.... r ----:-:1-, /4. 11 
IJ 2i s La+ 

0.$1.$2 -M2-ll 8 

0_$j~l 
H 

rAe a= 2y0 / {30 , L = ln(s/A2 ), a c 1,J - 4HCilOBble K03$¢H4HeHTbl, 

3aBHCf1li\He OT 4HCila BaileHTHOCTei:1 KBapKOB. 1-iHTerpHpOBaHHe IlHAH

PYIOll\ero 4IleHa CYMMbl /4.1/ npHBOAHT K nOf1BJleHHIO AOnOJlHHTeilbHOi:1 

nonpaBKH Toro >Ke nopf1AKa, 4TO H Bbi4HCileHHble TpexneTnesble 4IleHbl: 

2 
1 -M j + I£~ = _1 _ • sin (b. arctg (~r I L M ) ) 

2i -M~-te sL~ b. L~ (1 + ~r 2/L ~) b/2 /4.2/ 
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Ta6mm;a I . 

Pe3yiTbTaTbl Bbi'!HCITeHHH p;HarpaMM B KanH6pOBKe <flefmMaHa 

• A~arpaMMa rpynnosoi:i 
sec, 

a r. 1 

4.1 0 c .. 

2:1 <D CA. CF' 

2.?. e> -··-
3,1 <[]) c ... c; 

u 0 -·-
~~ 0 -II-

, ... e> -II--

'" ~ -·-
~ 

'5.6 ® CACr:(C.:· ~) 

'5;J 

~ 
-·~ 

5. -u-

'5ll <D Co~.Cr 1'(~) 

lJ.1D ® _,,_ 

'5.11 <D 2 
CA C~ 

i5J2 0 - .. -
'$J' ® _ c,.'-c,. 

2. 

.,,, .. ~ -··-
-·~--------.... ----·· 

C~MMeTp. 

K03$$., 
s f,i 

1 

1 

2 

1 

1 

2 

2 

.... 

1 

2. 

2 

i 

2 

'1 

2. 

2. 

2 

Pe3ynbTaT pac4eTa 

2 
T 

B G -cxeMe, 

llf,l 

:1. ... t .. 2.:J - 24 f(3) 

- .i.. "" ..1. - .11.. 
f2 2.f, -4 

.a + .168... + 088 - -19.2:£(~ 
-se ~ 3 ez ?>t: e 

..2... + ...!.. + 1§. 
lit~ ~f,2. "3E. 

....2... ....... ji. -, e:s + ~e.2. + ~E 

.....1... 
'3e3 

1 li 
+ 2£2. + 12E 

.. 
e3 

_a_3+ 3e 

_j_ - .11lL + ~) 
t:."- ~e c 

-;f,2 .. .Ii. ... ~ !e e 
4 3f.Z + ft .... UJ(3) 

3E e 
1 31 2. 

- 3f.3 - 3el- sr 
.. .L 

3£3 
_!_ - .ill: + ~ e2 3E E 

fi) + -k 
...1.Q... 
"3£'5 

+ ..M.. + '72.. .... 4Gllil 
382 0 E 

.... !.... 
t5 

J.._3 4-
'3E.o 

.... .L - .1!!.. oe2 12e. 

.M- - .11- t 96 )(31 
!e:z. e. e 

~+£--~ 

.. 
4o 

=..!!...._·[1-(.....!!...._)2 cs 
La f3L ·a+ ... l. 

M 0 M 

/4.2/ 

2 2 2 
rAe b = a-1, LM= ln(MH/1\ ) 'Cs = (2yo+f3oYo)/16. npo~CXO>KAeH~e 
3Toi1 nonpaBK~ nerKo noHRTb, ecn~ y4eCTb, 4TO np~ ~3MeHeH~~ no
cneAOBaTenbHOCT~ np~MeHeH~R peHOpMrpynn~ ~ npo4eAYP~ aHan~T~-

4eCKOro npOAOn>KeH~R /eM. p~CYHOK/ OHa B03H~KaeT ~3 nocneAHero 
4neHa /3. 6/ nocne 3aMeH~ ln (Q2 I fL2) -+ ln (s/ 112) ± irr . 0TMeT~M, liTO 
sonpoc nocneAOBaTenbHoro y4eTa 3<!><!>eKTOB aHan~T~4eCKoro npoAon
>KeH~R noAp06Ho o6cy>KAancR s ll&, 161 . B 4aCTHOCT~, ~nR M~H~M~3a-
4~~ B03H~Ka~~~x np~ 3TOM nonpasoK asTopaM~ pa6oT 161 6~no npeA
no>KeHo AOnOnH~TenbHO nepeonpeAenRTb KOHCTaHTY pa3nO>KeH~R 

BO BpeMeH~nOA06Hoi1 o6naCT~. 0AHaKO B HaCTOR~eM cny4ae ~MeeT 
CMbiCn nonb3osaTbCR cTaHAapTH~M pa3no>KeH~eM. Aei:icTB~TenbHO, noA
cTasnRR /4.2/ s /4.1/, M~ nony4~M s~pa>KeH~e AnR nonHoi:i w~p~H~ 
pacnaAa TR>Kenoro H -6o3oHa s aAPOHbl: 

f' MS (H -+ ap;pOHbi) = 
tot 

3Y2 
OFMH ~ iiir2{1 + ~5,667 + (~)2 [46,403- rr 2 1,583 

Srr r rr 17 

/4.3/ 

- f(1,906 - 712 0,056) ]I M u • 

np~ 3TOM nonpaBK~ nOPRAKa 0(77 2a 2) n~Wb yny4Wa~T CXOA~MOCTb 
- B PRAa Teop~~ B03My~eH~~ s MS-cxeMe, yMeHbWaR BKnaA TpexneTnes~x 

4neHOB. 

8ocnonb30BaBW~Cb COOTHOWeH~eM /2.9/, KOTOpoe RBnReTCR pewe
H~eM peHopMrpynnosoro ypasHeH~R /2.5/ B TpexneTnesoM np~6n~>Ke
H~~ ~ ycTaHaBn~BaeT CBR3b Me>KAY ABYMR 3$$eKT~BH~M~ napaMeTpaM~ 

Teop~~ I rn ~ ;B/, MOlKHO nepen~caTb /4.3/ cneAY~~~M o6pa30M: 

MS - A2 
~ = 3y2 GF{ms[1 

M 811 H 

as as 2 9as 8/9 
+ -7,457 + (-) 43,061](-) 

1T 1T 271 
+ 

/4.4/ 

~ a a 2 25a 24/25 
+ m 2 

[ 1 + - 8 7,695 + (-8 
) 44,490] ( --8 

) + 
c 1T 71 h 

11 



,.. as as 2 2&i8 24/23 
+ m2b [l + -8,016 + (-) 46,916](--) + 

rr rr 6rr 

,.. a a 2 7a 8/7 /4.4/ 
+ m 2 [ l + _s 8,463 + (-8 

) 50,879] (-8
-) II , 

t rr rr 2rr MH 

" - " " - /14/ " " rAe mu-mdosO,ms-0,3 r3B , mc"'1,8 r3B, mb"'7,6 r3B, 
Iiit>16 r3B /eM. o63op /17//. 

E~e OAHO~ ~HTepecHo~ oco6eHHOCTb~ 3Toro PRAa R8nReTcR cxeM
HaR 3a8~C~MOCTb cpa3y A8YX era 4neH08. KaK 8CerAa 8 noAo6H~x 
cny4aRx, 803H~Kaer ~38eCTH~~ 80npoc o TOM, KaKaR cxeMa Ha~6onee 
npeAn04T~TenbHa c T04K~ 3peH~R M~H~M~3a~~~ nonpa80K reap~~ 
803My~eH~~. Ocra8nRR ero 6e3 noApo6HblX o6cy>KAeH~~o orMeT~M 
n~wb, 4TO 3TOMY Kp~Tep~~ YA08neT8opReT G-cxeMa 11 1

, AnR Koro
po~ OT8eT /4.4/ np~H~MaeT 8~A: 

a - a 
rtot =~0_1~2[ l + _s_3,457 

as 2 9a 8/9 
(-) 10,433] (-

8 
) + 

M ~" ~ o " " Grr 

A 2 as aS 2 2&1 8 24/25 
+ mc[l +-3,694- (-) 8,179] (-) + 

rr rr 6rr 

/4.5/ 
A 2 as QS 2 23a S 24/23 

+ mb[l + -4,018 -(-) 5,268](--) + 
rr rr 6rr 

A2 a 
+ mt [l + - 8 4,463 

" 

a 2 7- B/7 
(-8-l 1,304](2) II . 

rr 2rr MH 

Orp~~arenbH~e 3HaK~ rpexnerne8~X K03~~~~~eHT08 ro8opRT o TOM, 
4TO 8 cny4ae /4.5/ 8KnaA He 3a8~CR~ero or cxeM~ 4neHa nopRAKa 
O(rr2a=) npe8~waer cyMMapH~A 8KnaA rpexnerne8~x ~HTerpano8. 

12 

.. 

O~eH~M renepb cyMMapHy~ 8en~4~HY 8CeA nonpa8K~, paccMaTp~8aR 
~OHKpeTHbl~ np~Mep: pacnaA H -6o3oHa c Maceo~ M H "" 50 r3B Ha 
bb - napy. noACTa8nRR 8 /4.4/ 3Ha4eH~e A MS "" 0' 15 r3B' ~38ne-
4eHHOe 8/15/ nyreM o6pa6orK~ AaHHbiX no aAPOHHbiM w~p~HaM tjJ-
~ y-Me30H08 C y4eTOM 3~~eKT08 aHan~T~4eCKOrO npOAOn>KeH~R, Mbl 
np~XOA~M K 8~80AY, 4TO 8~4~cneHHaR nonpa8Ka cocra8nReT 10% 
or n~A~PY~~ero 4neHa. 3ra nonpa8Ka 8 Tp~ pa3a MeHbWe A8YXnerne-
8oro 8KnaAa. TaK~M o6pa30M, Aa>Ke HeCMOTPR Ha AOCTaT04HO 6onbWO~ 
K03~~~~~eHT rpexnerne8oro 4neHa, MO>KHO 3aKn~4~Tb, 4TO reop~R 
803My~eH~~ xopowo pa6oraer 8 paccMorpeHHOM np~Mepe ~ Aaer 
none3HY~ ~H~opMa~~~ o 8en~4~He nonHoA w~p~Hbl aAPOHHoro pacnaAa 
H -6o3oHa. 

5. 3AKJ1104EHHE 

B HacTOR~e~ pa6ore M~ 8~4~cn~n~ rpexnerne8~e nonpa8K~ c~nb
HbiX 83a~MOAeACT8~A K nonHoA w~p~He aApOHHOro pacnaAa TR>Kenoro 
H-6o3oHa 8 npeHe6pe>KeH~~ noporo8~M~ 3~~eKraM~. OH~ cocTa8nR~T 
10% or n~A~PY~~ero 4neHa, 4TO 8 TP~ pa3a MeHbwe A8yxnerne8oro 
8KnaAa. TaK~M o6pa3oM, y4eT paA~a~~OHH~x nonpa8oK no8~waer 
8epoRTHOCTb o6Hapy>KeH~R pacnaAa np~6n~3~TenbHO Ha 40%. 

npo8eAeHH~e 8~4~cneH~R npeACTa8nR~T co6oA np~Mep nep8oro 
paC4eTa ~~3~4eCKOA 8en~4~Hbl 8 TpeTbeM nopRAKe TeOp~~ 803My~eH~~ 

8 KXA, 8 KOTopoM R8H~M o6pa30M ~cnonb308anacb ~H~opMa~~R 
• ' ..... rll \ 

U li-Jt:AIIC IJit::t::)biA KU~4J4JV1U,VU::M I dJ\ IJC:HUIJMI IJYIIIIUI:ibiA 4JYMK 4 V1V1 f-J\U. gl 

~ Ym(a 8 ). OH~ noKa3an~, 4TO pewa~~Y~ ponb 8 ~opM~po8aH~~ 8ceA 
Tpexnerne8oA nonpa8K~ ~rpa~T Tpexnerne8~e np~6n~>KeH~R K K03~
~~~~eHTH~M ~YHK~~RM. Ae~CT8~TenbHO, ~3 cpa8HeH~R /4.3/ ~ /4.4/ 
cneAyeT, 4TO Ha H~X np~XOA~TCR 6onee 70% OT 8KnaAa 4neHa 
nOPRAKa O(a ;1. TaK~M o6pa30M, 8 HaweM cny4ae nonbiTKa o~eH~Tb 
TpexneTne8~e nonpa8K~ K ~~3~4eCK~M 8en~4~HaM, ~CXOAR ~3 H~3W~X 
np~6n~>KeH~A reap~~ 803My~eH~A ~ pe3ynbTaTo8 AnR peHopMrpynno8~X 
~YHK~~A. npeAnP~H~Ma8waRcR 8/ 181 np~ ~3y4eH~~ npo~ecca rny6oKo
Heynpyroro nenroH-aAPOHHoro pacceRH~R, npeACTa8nReTcR Heonpa8-
AaHHoA. 

B 3aKn~4eH~e M~ 8~pa>KaeM 6naroAaPHOCTb B.A.MaT8ee8y ~ 

A.H.Ta8xen~A3e 3a nocTORHHy~ nOAAeP>KKy. M~ np~3HarenbH~ 
H.B.KpacH~Ko8y 3a none3H~e o6cy>KAeH~R ~ O.B.Tapaco8y 3a coo6~e
H~e o C80eM pe3ynbTare 191 . M~ 6naroAaPH~ A~PeK~~~ OHHH ~ 
8 oco6eHHOCT~ H.C.3nare8y 3a npeAOCTa8neH~e 803MO>KHOCT~ pa6o
raTb 8 8~4~cn~renbHOM ~eHTpe OHHH. 
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fopHWHHH c.r.' KaTaeB A.n.' napHH C.A. 
liiHpHHa pacrrap;a XHrrcoBcKoro 6o3oHa B ap;pOHbi: 
TpexrreTneBble rrorrpaBKH CHnhHblX B3aHMOp;eHCTBHH 

PZ-83-559 

Bhi'l!HcneHa TpexrreTneBaH rrepTyp6aTHBHaH rrorrpaBKa KX.U K rronHOH 
mHpHHe ap;poHHoro pacrrap;a xurrcoBcKoro 6o30Ha. ,U.rrH xHrrcoBcKoro 
6030Ha C MaCCOH M = 50 fgB OHa COCTaBnHeT BenH'IHHY ITOpHp;Ka 
10% OT nHp;HpyiDruero 'l!neHa, 'ITO B TPH pa3a MeHbllie ABYXITeTneBoro 
BKnap;a. ilpoBep;eHHoe Bh!'IHcneHue rrpep;cTaBnHeT co6oll: rrepBbiH rrpu
Mep paC'l!eTa liJH3H'l!eCKOH BenH'IHHbl B TpeTbeM ITOplip;Ke TeOpHH B03-
MyrueHHH c y'leTOM TpexrreTneBwx rrorrpaBoK K peHopMrpyrrrroBwM IPYHK
U:HHM KX.U f3 (a 

8
) H y m(a

8 
). 

Pa6oTa BbiiTOnHeHa B na6opaTOPHH TeopeTH'IeCKOH liJH3HKH Olli!H. 

Gorishny S.G., Kataev A.L., Larin S.A. PZ-83-559 
The Width of Higgs Boson Decay into Hadrons: 
Three-Loop Corrections of Strong Interactions 

The three-loop perturbative QCD correction to the total 
hadronic decay width of the Higgs boson is calculated. For the 
Higgs boson mass M = 50 GeV it amounts to about 10% of the 
leading term and is three times as less as the next-to-leading 
one. The result of the calculation is the first physical one 
obtained in the next-next-to-leading order with the account 
taken of the three-loop corrections to the QCD renormalization 
group functions f3(a 8 ) and Ym(a

8
) • 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR . 
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