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Hinweis:
Kommentare mit Hinweisen auf ZFitter sind griin markiert

Ubereinstimmungen sind gelb markiert.

/ ko Auffallige Stellen bzw. Anmerkungen sind JiGICHSTRKISH
* Package: GSM

* Class : ZMath *

* *

* Description: *

* Auxillary Functions, for ZFITTER option *
* *

* Sources: *

* -Z. Phis. C44, 493-502 i1989i *

* *

IIIIIIIIIII *

* *

**********************************************************************************/

#include "TMath.h"
#include <iostream>

#include "GSM/ZMath.h"
using namespace std;
I reference Z. Phys. C44, 493-502 (1989)

/l to all functions were added extra features
/l to avoid divergences

/Il eq. (D.1) Z. Phys. C44, 493-502 (1989) Match 1
I see dizet6_42.f line 1082-1107
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= FUNCTION XIO(REMWZ2,Q2,BM12,5M22)

IMFLICIT REAL*S (A-H,O-W,Y¥—-2)
IMPLICIT COMPLEX*1: (X)

COMMON/CDzZCCON/PI,PI2,F1l,D3 ,ALFAT ,AL4PI ,ALZPI ,ALLIPI

DATA EPS/1.0-4f

wekdedek WTO0(MWZ2, Q2,M12, M22)=I0(Q2,M12,M22)

ATIW=LOG (&aM12 /2MW2)
IF (ARM22/2M12.LT.EPS) GO TO 1

std::complex<Double_t> GSM::ZMath::10( const Double_t& MW2, const Double_t& Q2, const Double_t& m12, const Double_t& m22)

std::complex<Double_t>i0(0,0);

if (m22/m12 < le-4) {
Double_t RELQ = TMath::Log(TMath::Abs(1.0 + Q2/m12));
if (-Q2 > Gfitter::GMath::IPow(sqgrt(m12)+sqrt(m22),2)) {
std::complex<Double_t> LQ (RELQ,-TMath::Pi());
i0 = TMath::Log(m12/MW?2) - 2.0 + (1.0 + m12/Q2)*LQ;
}
else i0 = TMath::Log(m12/MW?2) - 2.0 + (1.0 + m12/Q2)*RELQ;
}

1095

AT12=LOG (2M12/aM22)
DM12=(2M12-2M22) fq2
XIO=AT1W-2.D0-(1.00+DM12) /2. DO*AT124+XT. (Q2,AM12 ,2M22) /2. D0/ Q2
RETURN

AQ=RM12/q2

RELG=LOG (ABS (1.D0+1.D0/2Q))
AILG=0.D0

TRES= (SQRT (AM12) +SQRT (AM22) ) **2
IF(-Q2.GT.TRES) AILG—PI
XLO=DCMPLY (RELQ, ATLY)
XIO=AL1W-2.D0+ (1.D0+AQ) *XLQ

END


duo
Text Box

duo
Text Box
  
  Anhang 8 

  zum Gutachten DESY ZFitter_GFitter vom 17.03.2014 

  Lübeck, den 17. März 2014



  Dr. Ulrich Obermöller
  -Sachverständiger-



duo
Stamp

duo
Stamp

duo
Stamp


43 else {

44 i0 = TMath::Log(m12/MW?2) - 2.0 - (1.0/2.0 + (m12-m22)/(2.0*Q2))*TMath::Log(m12/m22) + 1.0/(2.0*Q2)*L(Q2,m12,m22);
45 }

46 return i0; Ende Match 1

47 1

48

49 /l eq. (D.2) Z. Phys. C44, 493-502 (1989)
50 |/l see dizet6_42.f line 1109-1136
51 std::complex<Double_t> GSM::ZMath::11( const Double_t& MW2, const Double_t& Q2, const Double_t& m12, const Double_t& m22)

52 {
gi std::complex<Double_t>i1(0,0); 1109 [ FUNCTION XKI1{(ZMW2,Q2,AM12,AM22)
gg if (m22/m12 < 1e-4) { ::_ IMPLICIT REAL*Z (A-H,0-W,¥-Z)
1112 IMPLICIT COMPLEX*1G (X)
57 Double_t RELQ = TMath::Log(TMath::Abs(1.0 + Q2/m12)); Match 2 - .
58 if (-Q2 > Gfitter::GMath::IPow(sqrt(m12)+sqrt(m22),2)) { 1114 COMMON/CDZCON/PI,PI2,F1,D3,ALFAT,AT4PT,ATL2PI,ATIPT
59 std::complex<Double_t> LQ (RELQ,-TMath::Pi()); .
g(i } i1 = 0.5*TMath::Log(m12/MW?2) - 1.0 - m12/(2.0°Q2) + (1.0 + m12/Q2)*1/2.0*LQ; iy A ——
g:Z)’ } else il = 0.5*TMath::Log(m12/MW?2) - 1.0 - m12/(2.0*Q2) + (1.0 + m12/Q2)*1/2.0*RELQ; s S e e
64 else { :;H * ATIW=L0GC (2M12 /BMW2)
65 i1 = 0.5*TMath::Log(m12/MW?2) - 1.0 - (m12-m22)/(2.0*Q2) P (AM22/AM12 .17 EPS) GO TO
66 - (1.0 + 2.0*m12/Q2 + Gfitter::GMath::IPow((m12-m22),2)/(Q2*Q2))*1/4.0*TMath::Log(m12/m22) Mr12eroc Mlz’;;}'{zz
67 + (1.0 + (M12-m22)/Q2)*1.0/(4.0*Q2)*L(Q2,m12,m22); 'jjj ool )
63 } 1123 DM12=(AM12-BM22) /(2
69 f—— 1124 XT1=AT1W/ = -DM12/
70 3 ' 1125 o + *AM12/Q2+DM12%%2) / *BT,12
1126 - +( +DM12) / *XL{Q2,BM12 ,aM22) fo2
1127 RETURN
1128 Ao=BM12 /02
1125 RELO=LOG (ABS ( + fBo))
1130 ATLG—
1131 TRES= (SQRT (2M12) +SQRT (RM22) ) **
1132 IF(-Q2.GT.TRES) ATLQ=-PI
1133 XLO=DCMPLY. (RELQ, ATLQ)
1134 XT1=AT1W/200- -0/ +( +BQ) **2 / *XLQ
1136 - END

71



99

Il eq. (D.3) Z. Phys. C44, 493-502 (1989)
Il see dizet6_42.f line 1138-1167

Match 3

std::complex<Double_t> GSM::ZMath::13( const Double_t& MW2, const Double_t& Q2, const Double _t& m12, const Double_t& m22)

{
std::complex<Double_t>i3(0,0);
Double_t ALIW = TMath::Log(m12/MW?2);

if (m22/m12 < 1e-4) {
Double_t AQ = m12/Q2;
Double_t RELQ = TMath::Log(TMath::Abs(1.0 + 1.0/AQ));
if (-Q2 > Gfitter::GMath::IPow(sqrt(m12)+sqrt(m22),2)) {
std::complex<Double_t> LQ (RELQ,-TMath::Pi());

}

else {

i3 = ALIW/6.0 - 5.0/18.0 + AQ/3.0 + AQ*AQ/3.0 + (1.0 - 2.0*AQ)*(1.0 + AQ)*(1.0 + AQ)*1.0/6.0*LQ;

i3 = (1.0/6.0TMath::Log(m12/MW2) - 5.0/18.0 + m12/(3.0*Q2) + m12*m12/(3.0*Q2*Q2)

+ (1.0 + 2.0*m12/Q2)*Gfitter::GMath::IPow(1.0 + m12/Q2,2)*1.0/6.0*RELQ );

}
}

else {

i3 = ( 1.0/6.0*TMath::Log(m12/MW?2) - 5.0/18.0 + (m12+m22)/(3.0*Q2) + 1/3.0*Gfitter::GMath::IPow((m12-m22)/Q2,2)
+ (-0.5 + 3.0/2.0*(m12+m22)*(m12-m22)/(Q2*Q2) + Gfitter::GMath::IPow((m12-m22)/Q2,3))*1/6.0*TMath::Log(m12/m22)

+ (0.5 - (m12+m22)/(2.0*Q2) - Gfitter::GMath::IPow((m12-m22)/Q2,2))*1.0/(6.0*Q2)*L(Q2,m12,m22) );

}

return i3; 3%
} 114 IMPLICIT REAL*Z (A-H,O0-W,¥—-2)

1141 IMPLICIT COMPLEX* (X)

1138 H FUNCTION XI3 (ZMW2,Q2,AM12,EM22)

(=]

F
F
» L B3}

1145 DATA EPS/ —af

COMMON/CDZCON/PI,PI2,Fl,D3,ALFAT,AL4PT ,AL2PT,AL1PT

1147 dodedosd ®T3(MW2, Q2,M12,M22)=I3 (g2, M12,M22) =INT (Y* (1-¥) *IN...)

oo

ALIW=LOG (2M12 /2MW2)
IF(2M22/2M12 .1T.EPS) GO TO
AT12=T.0C (aM12 /2M22)
DM12=(aM12-2M22) fQ2
sM12=(aM12+aM22) fQ2

F F ; ;
F F ; ;
(=]

Ly ka2

F
F
notnononononoLnoLn W

1154 XI3=nLlw/ = / +sM1z2/
1155 RS + /
1156 w +( -sMiz/ -DM12%%2) f

RETURN

*SM12*DM12+DM12**32) f
*XT (02 ,2M12 ,aM22) fo2

*AL12
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AT1W=LOG (ZM12 /BRMW2)
IF (aM22/2M12 . 1T .EPS) GO TO
AT12=LOG(AM12/2M22)
DM12=(aM12-2M22) fq2
SM12=(2M12+42M22) fQ2

XI3=ALlw/ = / +sm12/f +DM12%*2 /

* +(- + / *3M12*DM12+DM12%*2) f *AT,12
* +( —-smM12/f —DM12%%*2) / *KL(Q2 ,BM12,8M22) /g2
RETURN

AO=BAM12 /02

RELG=L0OG (ABS ( + /z0))

ATLO=

TRES=(SQRT (EM12) +SQRT (AM22) ) **

IF(-Q2.GT.TRES) AILQ=-PI

XLO=DCMPLY (RELG, ATT.Q)

XI3=RAL1W/6D0- / +n0/ +AQR*2 f

v - *RO) *( +AQ) **2/ *XLQ

END



Match 4

100  // eq. (A.8) Z. Phys. C44, 493-502 (1989) 1030 FUNCTION XL (Q2,AM12,MM23)
101 b 1031 *

102 std::complex<Double_t> GSM::ZMath::L( const Double_t& Q2, const Double_t& m12, const Double_t& m22) i1pz2 IMPLICIT REAL*Z (B—H,CO—W,¥-2)
103 { 1033 IMPLICIT COMPLEX*16 (X)
104 Double_t LAM = (Q2 + m12 + m22)*(Q2 + m12 + m22) - 4.0*m12*m22; 1034 *
105 std::complex<Double_t> REL = LAM*JJ(Q2,m12,m22), 1035 COMMON/CDzZCON/PI,PI2,Fl,D3,ALFAT,AL4PT,AL2PT,AL1PT
106 Double_tIL =0; R
107 if (-Q2 > Gfitter::GMath::IPow(sqrt(m12)+sqrt(m22),2) && LAM >= 0) IL = 2.0*TMath::Pi()*sqrt(LAM); 1037 * XL(Q2,M12,M22)=L(Q2,M12,M22) =ALAM (Q2, ~M12, —M22) *J (G2, M12,M22}
108 std::complex<Double_t> I(real(REL),IL); - ' ' '
%g_)g p— 1033 ALAM= (Q2+AM12+EM22) **2—4  DO*AM12*AM22
HCTEINIE; 1040 REL=ALAM*FJJ(Q2,2M12 ,BM22)
111} 1041 BIT=0.D0
1042 TRES= (SQRT (AM12) +SQRT (RM22) ) ¥*2
1043 IF(-Q2.LE.TRES.OR.ALAM.LT.0D0) GO TO 1
1044 SLAM=SQRT (ATZM)
1045 ATT=2.D0*PI*SLAM
1046 XL=DCMPLY (REL, AIL)
1048 END
112
113 // eq. (C.6) Z. Phys. C44, 493-502 (1989) Match 5
114 /I see dizet6_42 fline 1010-1028
115  std::complex<Double_t> GSM::ZMath::J( const Double_t& Q2, const Double_t& m12, const Double_t& m22)
116 { 1010 O FUNCTION XJ(Q2,BM12,ZBM22)
117 Double_t LAM = (Q2 + m12 + m22)*(Q2 + m12 + m22) - 4.0*m12*m22; 1011 "
118 std::complex<Double_t> REJ = JJ(Q2,m12,m22); 1012 IMPLICIT REAL*: (A—H,O—W,Y-2)
119 Double_t 1J = 0; 1013 IMPLICIT COMPLEX*1E (X)
120 if (-Q2 > Gfitter::GMath::IPow(sqrt(m12)+sqrt(m22),2)) 1J = 2.0*TMath::Pi()/sqrt(LAM); 1014 =
%g% std::complex<Double_t> j (real(REJ),1J); 1015 COMMON/CDZCON/BT,PI2,F1,D3,ALFAT, ALAPT ,AL2ET,AL1ET
%%2 } return j; :::: : XT(02,M12, M22) =T (Q2,M12, M22)
1019 ALAM= (Q2+AM12+AM22) **2—4  DO*AM12*AM22
1020 REJ=FJJ(Q2,AM12,AM22)
1021 ATJ=0.00
1022 TRES= (SQRT (AM12) +SQRT (AM22) ) **2
1023 IF(-Q2.1E.TRES) GO TO 1
125 1024 STAM=SQRT (AT.AM)
1025 ATJ=2.D0*pI/fSLAaM
1026 XJ=DCMPLY. (REJ, AI.J)
1028 END




149

/l Delta L Match 6

/l see dizet6_42.f line 981-1008

std::complex<Double t> GSM::ZMath::DL( const Double_t& Q2, const Double_t& Q2SBT, const Double_t& m12, const Double t& m22 )

{ .
std::complex<Double_t> dI(0,0); -
Double_ tQ2S = Q2SBT + m12 + m22;

Double t LAM =Q2S*Q2S - 4.0*m12*m22;
Double_t SLAM = TMath::Sqrt(TMath::Abs(LAM));
Double_ tQD = Q2 -Q2SBT;
Double_t RQD = TMath::Abs(QD/SLAM);
if (RQD < 1e-3) {
Double_t R =4.0*m12/m22;
if (R-1.0!=0) {
std::complex<Double_t> JS = J(Q2SBT,m12,m22);
dl = (2.0 + Q2S*JS + QD/LAM*(Q2S - 2.0*m12*m22*JS)
+ (QD/LAM)*(QD/LAM)*(-Q2S*Q2S/3.0 - 8.0/3.0*m12*m22*Q2S*JS) );

1 @y LnoWe L B2}

}

else dl = 4.0 + 2.0/3.0*QD/m22 - 2.0/15.0*QD*QD/(m22*m22);
}
else dl = (L(Q2,m12,m22) - L(Q2SBT,m12,m22))/QD;

return dl;

}

o

2
3
5
&

=

-

FUNCTION XDL (Q2,02SET,AM12,2M22)

KDL (g2, AMQ2, AM12, AM22) = (L (Q2,AM12, AM22) ~L(Q23BT, AM12, AM22) ) / (Q2-Q2SBT)

IMPLICIT REAL*Z (B-H,O0-W,Y-3)
IMPLICIT COMPLEX*16 (X)

DATA EFPS/ -3/
Q28=02SBT+AM12+AM22
ATAM=02 8% %0 — *AM12*AME 2
DSLAM=DSQRT (DABS (ALAM) )
QD—Q2-Q2SBT

RQD=DABS (QD/DSLLM)

IF (RQD.LE.EPS) GO TO

XDI= (XL (Q2,AM12,AM22) -XL (Q2SBT,AM12 ,2M22) ) /QD
RETURN

BR= *aM12 famM22

IF (R- )2.3,

XIS=XJ(Q2SET,AM12,2M22)

XDI~ +0Q28*XTS+0D/ATAM* (25— *AM12*AM22*XTS)
v + (QD/ATAM) ** 2% (—qa k%2 f - / *ANM12*AMI 2 * 2 S *KTS)
RETURN

CONTINUE

RAT=0QD/RM22

XDI= + ! *RAT- ! *RAT*RAT

END
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189

/I Auxiliary function for JJ
Il see dizet6_42.f line 1050-1080

Match 7

std::complex<Double t> GSM::ZMath::JJ( const Double_t& Q2, const Double_t& m12, const Double_t& m22)

}

std::complex<Double_t> jj (0,0);
Double_t Q2M =(Q2 + m12 + m22);
Double t Q2L = 4.0*m12*m22;
Double_t LAM = Q2M*Q2M - Q2L;
Double tR1 =0;

Double_t SLAM = 0;

if (LAM < 0) {

SLAM = sqrt(-LAM);

if (Q2M <0) {
R1 = 2.0/SLAM*TMath::ATan(SLAM/Q2M);
jj = R1 + 2.0*TMath::Pi()/SLAM,;

}

if (Q2M == 0) {
jj = 0.5*TMath::Pi()/sqrt(m12*m22);

}

if (Q2M > 0) {
R1 = 2.0/SLAM*TMath::ATan(SLAM/Q2M);
ji=RL

}

if (LAM ==0) {
ij = 2.0/Q2M;

}
if (LAM > 0) {
SLAM = sqrt(LAM);
if (Q2M < 0) {
jj = TMath::Log(Q2L/Gfitter::GMath::IPow((Q2M-SLAM),2))/SLAM,;

}
if (Q2M >=0) {
jj = TMath::Log(Gfitter::GMath::IPow((Q2M+SLAM),2)/Q2L)/SLAM,;
}
}

return jj;
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FUNCTION FJJ(Q2,AM12,AM22)

IMPLICIT REAL*J (A-H,O-Z)

COMMON/CDzCON/PI,PI2,Fl,D3,ALFAI ,AL4PI,AL2PI ,ALLIPI

QIM=Q2+BM12+BM2 2

Q21— *AM12*AM2 2
ATAM=Q2M*Q2M-Q2L

IF(ALEM) 1,5,

SLAM=SQRT (-ALAM)

IF(Q2M) 2,2,

CONTINUE

Rl= /SLAM*ATAN (STLaM/ Q2M)
FJJ=R1+ *PI/SLEM

RETURN

FIJ= *PT /SORT (AM12*RM22)
RETURN

CONTINUE

Rl= JSLAM*ATAN (SLEM/Q2M)
FJJ=R1

RETURN

FIJ= Jo2M

RETURN

SLAM=SQRT (ALAM)

IF(Q2M) 7,2,
FJJ=LOG (Q2L/ (Q2M-SLAM) **2) /STLAM
RETURN

FIT=LOG ( (Q2M+ST.AM) **2 /021) /S1LAM

END
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/I Delta 10

Match 8

std::complex<Double t> GSM::ZMath::DIO( const Double_t& Q2, const Double_t& MV2, const Double_t& m12, const Double t& m22)

{

}

std::complex<Double_t> di0(0,0);
Double_t L12 = TMath::Log(m12/m22);

dio = (L(Q2, m12, m22) - (m12-m22)*L12)/(2.0*Q2) - DL(Q2, -MV2, m12, m22)/2.0;

return di0;

e

FUNCTION XDIO(Q2,RAMVZ, BM12,RM22)

IMPLICIT REAL*Z (A-H,O-W,Y-3)
IMPLICIT COMPLEX*1¢& (X)

RAT=DABS (&M12 /aMv2)

AL12=L0G (2M12/2M22)

XDIO0= (XL (g2 ,AM12,AM22) - (AM12-2M22) *2T.12) /2. D00/ Q2
—XDL (Q2,-aMV2 ,BM12,2M22) /2 . D0

END



201  // Delta 1 Match 9
202/ see dizet6_42.fline 1181-1210
203  std::complex<Double_t> GSM::ZMath::DI1( const Double_t& Q2, const Double_t& MV2,

204 const Double_t& m12, const Double_t& m22,
205 {
206 std::complex<Double_t> di1(0,0); e FUNCTION XDI1(Q2,AMV2,AM12,RAM22)
207 LLES -
208 if (M22 < 1e-10) { 1183 IMPLICIT REAL*H (A-H,O-W,Y-2)
209 Double_t QV = (Q2 + MV2)/MV2; e TMPLICIT COMPLEX*LE (X)
210 if (TMath::Abs(QV) < 1e-4) { 1185 COMMON/CDZWSM/BAMW2 ,EMZ2 ,R,R1,R12,R2,AMH2 , RW,RW1 ,RW12 ,RW2 ,R&,RZ1,
211 DOUbIe_t RlV - le/MVZ, 1186 = RZ12,RZ2 ,ALR,ALRW,ALRZ , SW2M, CW2M, RESY,R1W, R1W2
212 Double_t VQ =MV2/Q2; 1187 DATA EPS/1.0-2/
213 Double_t AQ =m12/Q2; iiss |~
214 dil = 0.5%(-1.0 + R1V*(1.0-VQ) - 0.5*QV + (2.0*AQ + VQ*(VQ-1.0)*R1V*R1V)*TMath::Log(TMath::Abs(1.0+1.0/AQ)));
215 } 1189 IF (BM22 . LT. -10) GO TO
216 else dil = (I1(MW2,Q2,m12,m22) - I1(MW2,-MV2,m12,m22))/QV; : AL12=10G (AM12/2M22)
%%g }else { DM12=(2M12-2M22) fq2
Ao=q2 faMv2
219 Double_t AL12 = TMath::Log(m12/m22); I a0
%%g_) Double_t Dm12_= (m12—m22)/Q2; XDIl=-DM12Z/ =i *AM12/Q2+DM12**2*3MV1) *AL12/
597 Bgﬂg:z—: QI\Q/IVI _Qf/g/'\fQ ®  +(1.D0+DM12%8MV1) /4.D0/Q2*XL (Q2,AM12,AM22)
223 dil = (-DM12/2.0 - (2.0'm12/Q2 + DM12*Dm12*SMV1)*AL12/4.0 iy s e
224 + (1.0 + DM12*SMV1)/(4.0*Q2)*L(Q2,m12,m22) . e CEATNL WILT BE USED ONLY FOR H_mTDTE
225 - (1.0 - (M12-m22)/MV2)/4.0*DL(Q2,-MV2,m12,m22) ); . ' e '
226 } 11599 QV=(Q2+aMV2) fAMV2
227 return dii: 1200 IF (ABS (QV) .LT.EPS) GO TO
228 } ’ 1201 XDI1=(XI1(2MW2,Q2,AM12 ,AM22) -XI1 (AMWZ, -BAMV2,AM12 ,BM22)) /OV
1202 RETURN
1203 R1V=AM12 /aMV2
1204 Vo=nMv2 /g2
1205 AO=BM12 /02
1206 RDI1= * (- +R1V* ( -vQ) - *QV
1207 L +( *RO+TOF (V- Y*RIV**2) *L.OG (ABS ( + IAQ] ))
1208 ¥DI1=DCMPLX (RDI1, )
e L me

229
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259
260
261
262
263

264

Match 10

/I Delta 13

Il see dizet6_42.f line 1212-1247

std::complex<Double t> GSM::ZMath::DI3( const Double t& Q2, const Double_t& MV2, const Double_t& m12,

const Double_t& m22,

{
std::complex<Double_t> di3(0,0);

if (m22 < 1e-10) {

Double_t QV = (Q2 + MV2)/MV2;

if (TMath::Abs(QV) < le-4) {
Double_t R1V = m12/MV2;
Double_t VQ =MV2/Q2;
Double_tVQ2 =1.0 - VQ + VQ*VQ;
Double_t AQ =m12/Q2;
di3 = (-1.0/6.0 + (VQ-0.5)/3.0*R1V + VQ2/3.0*R1V*R1V
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FUNCTION XDIZ2(Q2,AMVZ,AM12,AM22)

IMPLICIT REAL*A (&-H,O0-W,¥-2)

IMPLICIT COMPLEX*1¢ (X)

COMMON/CDZWSM/BMW2 , BMZ22 , R, R1,R12,R2 ,AMH2 ,RW,RW1l,RW12 ,RW2,RZ,RZ1,
RZ12,RZ2,ALR,ALRW,ALRZ, SW2M, CW2M, AESX,R1W, R1W2

DATA EPS/ —af

IF (BM22 _LT.T. -10) GO TO
AT12=LOG(2ZM12/BM22)
DM12=(ZM12-EM22) /Q2

-QV*(0.5+R1V)/6.0 - VQ*RIV*R1V*((VQ-1.0)/2.0 + VQ2/3.0*R1V)*TMath::Log(TMath::Abs(1.0+1.0/AQ)) );

}
else di3 = (I3(MW2,Q2,m12,m22) - I1(MW2,-MV2,m12,m22))/QV;
}
else {
Double_t AL12 = TMath::Log(m12/m22);
Double_t Dm12 = (m12-m22)/Q2;
Double_t Sm12 = (m12+m22)/Q2;
Double_ tAQ =Q2/MV2;
Double_t SMV1 =1.0 - AQ;
Double_t SMV2 =1.0 - AQ + AQ*AQ;
di3 = (Sm12/3.0 + Dm12*Dm12/3.0*SMV1
+ (Sm12*Dm12/4.0*SMV1 + Gfitter::GMath::IPow(Dm12,3)/6.0*SMV2)*AL12
+ (0.5 - Sm12/2.0*SMV1 - Dm12*Dm12*SMV2)/(6.0*Q2)*L(Q2,m12,m22)
- (0.5 + 0.5*(m12+m22)/MV2
- Gfitter::GMath::IPow((m12-m22)/MV2,2))/6.0*DL(Q2,-MV2,m12,m22) );
}

return di3;

}
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sM12=(aM12+aM22) fo2

AQ=0Q2/nMV2
sMvl= -AQ
aMva= —AQ+AQ*AG

XDI3=sMm12/ +DM12%*2 [/ *aMV1
+(sM12*DM12/ *kSMV1+DM12%*3/ *SMV2) *AL1Z
+( -sM12/f *SMV1-DM12**2*3MV2) f [Q2*XL (Q2 ,BM12 ,2M22)
—{ + * (AM12+2M22) f2MV2
—((BM12-2M22) fAMV2) **2) / *XDL (Q2, —AMV2 ,aM12,2M22)
RETURN
N1 WILL BE USED ONLY FOR W-WIDTH
QV=(Q2+aMV2) faMV2
IF(BRBS(QV) .LT.EPS) GO TO
XDI3=(XI3(AMW2,Q2,AM12,AM22) -XI3 (AMW2 , -AMV2 ,AM12 ,8M22) ) /OQV
RETURN
R1V=2M12 /2MV2

VO=RMV2 /02

2= —VQHTQR*

AO=aM12 /02

RDI3=— / +(VQ— Y/ *R1V+VQ2 [ *kR1V**
—QV* +R1V) / —VQ*RLV**2%* ( (VQ- )/
+vgz *R1V) *LOG (ABS ( + /B0))

XDI3=DCMPLY (RDI3, )

END
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I/ ------- mtop”™4 contribution from Barbieri et. al. ---------
I Nucl. Phys. B409(1993) 105-107 -------------=------

Il see dizet6_42.f line 4547-4563
Double_t GSM::ZMath::BarbMc( const Double t& x )

{

Match 11

Double_t P[8] = {-0.74141, -11.483, 9.6577, -6.727, 3.0659, -0.82053, 0.11659, -0.67712e-2};

Double_t Barb = 0;
if (x <4){

}

else {

for (Int_ti=0;i<8; i++) { Barb += P[i]*Gfitter::GMath::IPow(x,i); }

Double_t Pi2 = Gfitter::GMath::IPow(TMath::Pi(),2);

Double_tInv2 = 1/(x*x);
Double_t Loglnv2 = TMath::Log(Inv2);

Barb =(49/4.0 + Pi2 + 27/2.0*LogInv2 + 3/2.0*Loglnv2*Loglnv2

+1nv2/3.0*%(2.0 - 12.0*Pi2 + 12.0*Loglnv2 -27.0*Loglnv2*Loglnv2)

+ Inv2*Inv2/48.0%(1613.0 - 240.0*Pi2 - 1500.0*LogInv2 - 720.0*LogInv2*LogInv2) );

}

return Barb;

}

[le FUNCTION FBARE (X)
IMPLICIT REAL*H (R-Z2)
COMMON/CDzZCON/PI,PI2,F1,D3,ALFAI,AL4PI,ALZPI,ALLIPI

DATA P1/- f.e2f - /.e3f /.
& paf - /.p5/ /.pef- /.
& 27/ /,ea/f- -02/
=] IF(X.1LE. ) THEM
FELRE=DP1+D2*{+D3* ¥ **k +D4* Nk k4 DS*k ¥ * I 4 DE* Nk kS +DT Nk k(DR * Y **
ELSE

RETH=1/X**
ALRE=LOG (RBTH)

FBARB= / +PI2+ / *AT,RB+ / *LTRB**
& +RBTH/ *( S *PI2+ *ATLRE— *ATLRE**2)
& +RBTH**2 / *( = *PI2- *ATRE— *AT.RE**2)
= ENDIF
"
END



305

Il see dizet6_42.f line 4565-4583
Double_t GSM::ZMath::BarbMb( const Double_t& x )

{

Match 12

Double_t P[8] = {5.6807, -11.015, 12.814, -9.2954, 4.3305, -1.2125, 0.18402, -0.11582e-1};

Double_t Barb = 0;
if (x Bl4) {

}

else {

for (Int_ti=0;i<8;i++){ Barb += P[i]*Gfitter::GMath::IPow(X,i); }

Double_t Pi2 = Gfitter::GMath::IPow(TMath::Pi(),2);

Double_tInv2 = 1/(x*x);
Double_t Loginv2 = TMath::Log(Inv2);

Barb = 1/144.0%( 311.0 + 24.0*Pi2 + 282.0*LogInv2 + 90.0*LogInv2*Loglnv2
- 4.0*Inv2*(40.0 + 6.0*Pi2 + 15.0*LogInv2 + 18.0*Loglnv2*LogInv2)
+ 3.0*Inv2*Inv2*(242.09 - 60.0*Pi2 - 454.2*LogInv2 - 180.0*LogInv2*LogInv2) );

}

return Barb;

}
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$ FUNCTION FELREE (X)
c 13/10/1992 - Barbieri's m t*4 are implemented
IMPLICIT REAL*D (R—Z2)
COMMON/CDZCON/PI,PI2,Fl,D3,ALFAT,AL4PT,AL2PI,ALIPT

* Approximation from 0 to 4 (Mhiggs/mtop)

DATA P11/ /.p2) - /.p3f /.
& paf- /.p5/ /. p&f- .
& p7/ /.p8/- -01/
= IF(X.LE. ) THEN
FBARBEB=Pl+PZ2*N+P3*{** 4 PA*K** 4 PO A4 PER R K4 PT R * k4 PO*Y**
ELSE

RETH=1/X**
ALRE=LOG (RBTH)

FEARBE=1D0/144%( +24%*DPI2+202*ALRE+S O *ALRE**
& —4D0*RETH* ( + E*PTI2+ 15*ALRE+]S*ALRE**2)
& +IDO*RETH**2 * ( —E0*PT2- *BLRE-150*ALRB**2) )
" ENDIF
w
END
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/I Supplies real parts of J0,S3,S30 (w,t) in analytic presentation

/I S3Wana(mt2,MW?2,-s,...) supplies "w' indices

Match 13

Il SBWana(MW2,mt2,-s,...) supplies 't' indices
/I see dizet6_42.f line 4063-4093

void GSM::ZMath::S3Wana ( const Double_t& mt2, const Double_t& MW?2, const Double_t& s,

Double_t& JO, Double_t& S3, Double_t& S30)
{
std::complex<Double_t> Cmt2 (mt2, -1e-10);
std::complex<Double_t> CMW2 (MW2, -1e-10);
std::complex<Double_t> Sqrt = std::sqrt( 1.0 + 4.0*CMW2/s );
std::complex<Double_t> LogS = ZMath::Log( (Sqrt + 1.0)/(Sqrt - 1.0) );

std::complex<Double_t>x0 = (Cmt2 - CMW?2)/s;
std::complex<Double_t>x1 = 0.5*(1.0 - Sqrt);
std::complex<Double t>x2 = 0.5%(1.0 + Sqrt);
std::complex<Double_t>x3 =Cmt2/(Cmt2 - CMW2);

std::complex<Double t>yl = x1/x0;
std::complex<Double t>y2 = (1.0 - x1)/(1.0 - x0);
std::complex<Double t>y3 = x2/x0;
std::complex<Double_t>y4 = (1.0 - x2)/(1.0 - x0);
std::complex<Double_t>y5 = x3/x0;
std::complex<Double_t>y6 = (1.0 - x3)/(1.0 - x0);
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/I results 4

JO = real( Sqrt*LogS ); 4077
if (mt2 >= MW2) S30 = real( 1.0/s*LogS*LogS ); 4078
else S30 = real( 1.0/s*(Gfitter::GMath::Zeta2() - ZMath::Li2(1.0 - s/mt2)) ); 4079
S3 = real( 1.0/s*( + ZMath::Li2( 1.0/(1.0-y1) ) - ZMath::Li2( 1.0/(1.0-y2) ) 4080

+ ZMath::Li2( 1.0/(1.0-y3) ) - ZMath::Li2( 1.0/(1.0-y4) )
- ZMath::Li2( 1.0/(1.0-y5) ) + ZMath::Li2( 1.0/(1.0-y6) ) ) );
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LQR=LOG ( (SQR+1D00) / (SQR-1D0))
J0 =3QR*LOR
IF (MT2.GT.MW2) THEN
330= [BMQZ*TQR**
ELSE
830=1D0/AMQ2* (D2-XSPENZ ( -BMQ2 /BMT2) )
ENDIF
X1=(1D0-SgR) /

X2=( +3gRr) /
X0=(EZMT2-2MW2) fRMg2
K3=2MT2 [ (ZMT2-BMW2)

Y1=%X1/%X0
Ya=( X1y /¢ -x0)
Y3I=x2 /%0
Ta={( -2y [/ ( —X0)
Y5=X3/X0
TE={ -x3) [/ ( -X0)

A1=1p0/ (1D0-¥1)
B2=1D0/ (1D0-%2)
A3=1D0/ (1D0-¥3)
B4=1D0/ (1D0D-¥4)
A5=1Dp0/ (1D0-¥5)
Le=1D0/ (1D0-¥&)

33= JBMG2 * (XSPENZ ( FA -¥1) ) “XSPENZ ( I
+X8PENZ ( FA -Y3)) -XSPENZ ( PN
—XSPENZ ( YA —Y5) ) +XSPENZ ( FA
33=1D0/AMQ2* (XSPENZ (A1) —XSPENZ (A2)
& +XSPENZ (R3) -~XSDENZ (24)
& -¥SPENZ (A5) +XSPENZ (RE) )
RETURN

END

—¥2))
—¥4))
“¥E)))
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Match 14

Double_t GSM::ZMath::Afmt3( const Double_t& alst, const Double_t& mt2, const Double_t& MZ2, const Double_t& sW2 )
{

}

Double_t TS2 = 0.2604341376322;
Double_t TD3 =-3.0270094939877;
Double t TB4 =-1.7628000870738;

Double_t LogZT = TMath::Log(MZ2/mt2);
Int_t nf = 6;

Double_t CA1 =-2/3.0%(1.0 + 2*Gfitter::GMath::Zeta2());
Double_t CA2C = ( MZ2/mt2*(-17.224 + 0.08829*LogZT + 0.4722*LogZT*LogZT
+(22.6367 + 1.2527*LogZT - 0.8519*LogZT*LogZT)*sW?2) ); 5432 *
Double_t CA2L = (157/648.0 - 3313/162.0*Gfitter::GMath::Zeta2() - 308/27.0*Gfitter:: GMath::Zeta3()
+ 143/18.0*Gfitter::GMath::Zeta4() - 4/3.0*Gfitter::GMath::Zeta2()*TMath::Log(2.0)
+ 441/8.0*TS2 - 1/9.0*TB4 - 1/18.0*TD3 5493
- (1/18.0 - 13/9.0*Gfitter::GMath::Zeta2() + 4/9.0*Gfitter::GMath::Zeta3())*nf );

onoononoenoonLnoenooon
' .

Double_t CA2I = ( Gfitter::GMath::IPow(MZ2/mt2,2)*
(-7.7781 - 0.072263*LogZT + 0.004938*LogZT*LogZT
+ (21.497 + 0.05794*LogZT - 0.006584*LogZT*LogZT)*sW2 - 21.0799*sW2*sW2) );

Double_t CA2 = CA2L + CA2C + CA2|;

(=]

return CAl*alst/TMath::Pi() + CA2*Gfitter::GMath::IPow( alst/TMath::Pi() ,2 );
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FUNCTION AFMT3 (ALST,AMT2,AMZ2,SW2)

IMPLICIT REAL*S (A—H,0-Z)

COMMON/CDZSCT/ISCRE, ISCAL, IAFMT, IFACR, IFACT, IHIGS, IEWLC, ICZAK

& ,IHIGZ,IALEZ, IGFER

NUMERICAL CONSTRNTS

PI=ATAN (1D0) *4D0
PI2=PI**2

D2=pI2/ED0
D3=1.2020565031556D0
D4=pI2%*2 [0
AL2=LOG(2D0)

TS2=+0.260 4341376322T

TD3=-3.0270054939877C

TB4=-1.76280008 707380

AMU2=RAMT2

ATMU=L0OG (AMU2 /2MT2)

NF=F

CAl=-2D0/3% (1+2*D2)
CA2L~157D0/648-3313D0/162*D2-308D0/27*D3+143D0/18
& +441D0/8*T82-1D0/9*TEB4-1D0/18*TD3- (1D0/18-13D0

& —(11D0/E6-1D0/S*NF) * (1+2*D2) *ATMU
ALZT=LOG (AMZ2 fBAMT2)

CA2C=AMZ2/2MT2% (-17.2240D0+0.08823D0*ALET+0. 47220
& +(22.6267D0+1.25270D0*ALET-0.8519D0
CAZ2TI=(BMZ2/AMTZ2) **2% (-7 .7781D0-0.072263D0*ALET+0
&(21.497D040.05794D0*ALZT-0. 006584 D0*ALZT**2) *SW2-2

IF (IAFMT.EQ.1) CR2=CAZL

IF (IAFMT.EQ.Z2) CRA2=CAZL+CAZC

IF (IAFMT.EQ.2) CRA2=CA2L+CAZC+CA2T
AFMT3=CR1*ALST/PI+CA2* (ALST/DT) **_

END

*D4-4D0f2*D2*AL2
S*D2+400f9*D3) *NF



Match 15

366  // see dizet6_42.f line 5521-5545
367  Double_t GSM::ZMath:: TbQCD( const Double_t& alst, const Double_t& mt2, const Double_t& MZ2, const Double_t& sW2)
368 {

369 Double_ tcW2 =1.0-sW2;

370 Double_t logzt = TMath::Log( MZ2/mt2);

371
372 Double_t Ca2c = ( MZ2/mt2*( +(-11.3184 - 0.62630*logzt + 0.4259*logzt*logzt)*sW2
373 +(+22.6367 + 1.25270*logzt - 0.8519*logzt*logzt)*sW2) );
374 Double_t Ca2i = ( GMath::IPow( (MZ2/mt2), 2 )*( (-16.01860 - 0.02897*logzt + 0.003292*logzt*logzt)*sW?2
375 + 10.54*sW2*sW2
376 +(21.497 + 0.05794*logzt - 0.006584*logzt*logzt)*sW2 - 21.0799*sW2*sW2) );
377
378 return -cW2/sW2*(Ca2c + Ca2i)*GMath::IPow( (alst/TMath::Pi()), 2 );
379 }
380 5521 [+:| FUNCTION TBQRCDR (ALST,AMTZ,AMZ2,SW2)
5523 IMPLICIT REAL*A (A-H,O-Z)
2525 COMMON/CDZ3CT/ISCRE, ISCAL, IAFMT, IFACR, IFACT, IHIGS, IEWLC, ICZAR
5526 & ,IHIGZ,IALEZ, IGFER
5528 * NUMERICAL COMNSTANTS
5530 PT=ATAN (1D0) *
5531 CW2=1D0-8W2
5533 ALZT=LOG (AMZ2/IMT2)
5534 CRA2C=BMZ2 /AMT2 * (
5535 & +(— - *AT.ZT+ *ATZT* %) *3H2
5536 & +(+ + *ATZET- *ALZT**2) *SW2)
5537 CA2T=(LMZ2/BMT2) **2* (
5538 & (- - *LTZT+ *ATZT* %) *SH2+ * Dk D+
5539 & ( + *ATZT— *ATZT**2) *SW2— kORI kR D)
5540 IF(IAFMT.EQ.1) CazZ=
5541 IF(IAFMT.EQR.2) CAR2=CARZC
381 5542 IF(IAFMT.EQ.3) CA2=CA2C+CA2T
5543 TEQCDR=—CW2/SW2*Ca2* (RALST/BT) **
5545 END
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Match 16

complex<Double_t> GSM::ZMath::PolVfi( const Double_t& al )

return ( 45.0/(4.0*al) - 82.0/(27.0*al*al) + 449.0/(900.0*al*al*al)
- 62479.0/(661500.0*al*al*al*al) );

complex<Double_t> GSM::ZMath::PolAfi( const Double_t& al )
{
return ( -93.0/2.0+67.0/12.0/al-689.0/540.0/(al*al)
+1691.0/12600.0/(al*al*al)-1.8599e-2/(al*al*al*al) );

complex<Double_t> GSM::ZMath::DPolVfi( const Double_ t& al)

{
return ( 45.0/4.0 - 164.0/(27.0*al) + 449.0/(300.0*al*al)

- 62479.0/(165375.0*al*al*al) + 9.55063e-2/(al*al*al*al) );

complex<Double_t> GSM::ZMath::DPolAfi( const Double_t& al )

return ( 67.0/12.0-689.0/270.0/al+1691.0/4200.0/(al*al)
-7.43961e-2/(al*al*al)+275205680132.0/18606865047887.0/(al*al*al*al) );
}
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{1

FUNCTICON XPVFI (AL)

* _

IMPLICIT REAL*Z (A-H,O-W,¥-3)
IMPLICIT COMPLEX*1: (X)

0/500.D0 /o **3

XPVFI=DCMPLX (RFVFI,.0D0)

END

El FUNCTION XFAFI (AL)

IMPLICIT REAL*S (A—H,O-W,Y—2)
IMPLICIT COMPLEX*1E (X)

RPAFI=—5932.D0/2.D0+67.00/12.00/8T-685.D0/540. D0 /AT **2
w +1691.D0/12600.D0/AL**3-1_8555D-2 /AT, **4
XPAFI=DCMPLY. (RPAFI, . 0D0)

END

= FUNCTION XDEVFI(AL)

IMPLICIT REAL*Z (A—H,O-W,¥Y—2)
IMPLICIT COMPLEX*1E (X)

RDEVFTI=45.D0/4.D0-164.D00/27.00/AT+445.D0/3200.D0 /21,4 *2
w -62475.D0f165375.D0/AL**34+5 . 55063D-2 JAL**4
XDPVFI=DCMPLY (RDPVFI, .0D0)

END

= FUNCTION XDEAFT (AL)

IMPLICIT REAL*S (A—H,O-W,¥Y-2)
IMPLICIT COMPLEX*1E (X)

RDEAFI=ET

- -

.D0/12.D0—E85.D0/270.D0/AT+16591.D0/4200.D0 AT **2
.439561D-2/AL**3+275205680132.D0/18606865047887 . D0

XDPAFT=DCMFLY (RDPAFI, . 000)

END
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Match 17

/l'Li_2(y + i*epsilon*sign(Re(e))), see for example
/I "The Standard Model in the Making" by Bardin and Passarino
std::complex<Double_t> GSM::ZMath::Li2( const std::complex<Double_t>& y, std::complex<Double_t> e )
{

std::complex<Double_t> li2 (0,0);

std::complex<Double_t> cone (1.0,0);

std::complex<Double t>x =vy;

Double_t B[59];

ZMath::GetCoefficients( B );

=

const Int_t N = 30;

=

jiry

Int_t flagl = O;
Int_t flag2 = 0;

o

=

if (x==1i2) li2=0.0;
else if (x == cone) li2 = GMath::Zeta2();
else {
if (abs(x) > 1.0) {
X = cone/x;
flagl = 1;}
if (real(x) > 0.5) {
X = cone - X;
flag2 = 1;}
std::complex<Double_t> z = -ZMath::Log(cone-x);
std::complex<Double_t> h = cone;
std::complex<Double_t> Cold (0.0,0.0);
for (Int_t i=1; i<=N; i++) {
Cold = 1i2;
h = h*z/(1.0%);
li2 =1i2 + B[i-1]*h;
if (B[i-1] != 0 && abs(Cold/li2-cone) < 1e-20) break; .
} .
if (flag2 == 1) li2 = -li2 + GMath::Zeta2() - ZMath::Log(x)*ZMath::Log(cone-x);
if (flagl == 1) li2 = -li2 - GMath::Zeta2() - 0.5*pow(CLog(-y,-€),2);
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} .

return li2;

}
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FUNCTION CLI2 (CY,CE)

C W ke e e e e e e e e b e e e e e ke e b e

bkqgcdI5_14.f

9]

Li_ 2(y + i*epsilon*sign(Re(e)))

IMPLICIT LOGICAL (R-2Z2)

COMPLEX* CY,CE,CLIZ2

INTEGER I,IFLAGL,IFLAGZ, N

REAL*Z B(0:60),EPS,PI

COMPLEX* CH,CLN,CCOLD, CCNE,CX,CZ,CZERC, CZETAZ
DATA CZERQ,CONE/ ( . ) : )/

# of terms to be evaluated in the expansion, N

W=

CN= <= 61.
C Relative precision.

EPS= -

BPI= *DATAN ( )

CZETAZ=DCMPLY (BI**2 [ )

CX=CY
IF (CX.EQ.CZERC) THEN
CLI2=CZERO
ELSE IF (CX.E(Q.CONE) THEN
CLI2=CZETZ2
ELSE
TFLAGl=
IFLAG2=
IF (CDABS (CX) .GT.
CX=CONE/CX
IFLAGl=
END IF
IF (DREAL (CX) .GT.
CX=CONE-CX
TFLAGZ=
END IF
CZ=-CDLOG (CONE-CX)
CH=CONE
CLI2=CZERO
Do I=1,N
COLD=CLIZ2
CH=CH*CZ/DCMPIY (DFLOAT (I) )
CLI2=CLI2+DCMPLX (E(I-1))*CH
IF (B(I-1).NE.
GoOTO
IF (IFLAG2.E(Q.1) THEN
CLI2=-CLIZ2+CZETA2-CDLOG (CX) *CDLOG (CONE-CX)
END IF
IF (IFLAGL.EQ.1) THEN
CLI2=-CLIZ2-CZETAZ-DCMPLY (
END IF
END IF
RETURN

{8 e e e ke e ke sk e e ke sk ke e e sk s ok sl ke ke ol ke ke e ke s ke e e sl sk ol e ke s ke ol ke ol s ke ke ke e e sk s ol sl e ke o sl ke e ol s sk e e ke e

) THEN

) THEN

(COLD/CLIZ2-CONE) .1T.EFS)

) *CLN (—CY, —CE) **

END
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Match 18

/l'Li_3(y + i*epsilon*sign(Re(e)))

std::complex<Double_t> GSM::ZMath::Li3( const std::complex<Double_t>& y, std::complex<Double t>e)

{
std::complex<Double_t>li3 (0,0);
std::complex<Double_t> cone (1.0,0);

std::complex<Double_t>x = y;
std::complex<Double_t> h (0,0);
Int_t flag = 0;
if (x==1i3) i3 =0.0; s
else if (x == cone) i3 = GMath::Zeta3(); EE
else { 337
if (abs(x) > 1.0) { 358

X = cone/x; 359
flag = 1; 360

:
if (real(x) > 0.5) { 363

h =ZMath::Log(x);

li3 = ( - Li3H(cone-cone/x) - Li3H(cone-x) + GMath::Zeta3() + GMath::Zeta2()*h 2&5

+ h*h*h/6.0 - 0.5*h*h*ZMath::Log(cone-X) ); 366

} 367
else li3 = L|3H(X), 368
if (flag == 1) { 270

h = CLog(-y,-e); 371

i3 = i3 - GMath::Zeta2()*h - h*h*h/6.0; 372

} 373

} 374
return 1i3; ,_f
}
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FUNCTION CLIZ2(CY,CE)
o e e e e e e e e e e e e e e e e el e e
C Li_3(y + i*epsilon*sign(Re(e)))
C
IMPLICIT LOGICAL (&-2)
COMPLEX* C¥,CE,CLI3
INTEGER IFLAG
REAL*Z BT
COMPLEX* CH,CLI3H,CLN,CONE,CX,CZERC,CZETAZ , CAETAS
DATA CZERC,CONE/ ( . ).t . Y/
PI= *DATAN ( )
CZETAZ=DCMPLY (PT**2 [ )
CZETA3=DCMPLY ( )
CX=CY
IF (CX.EQ.CZERO) THEN
CLI3=CZERO
ELSE IF (CX.E(.CONE) THEN
CLI3=CZETZ3
ELSE
IFLRAG=
IF (CDABS (CX) .GT.
CX=CONE/CX
TFLAG=
END IF
IF (DREAL (CX) .GT.
CH=CDLOG (CX)
CLI3=-CLI3H (CONE-CONE/CX) —-CLI3H (CONE-CX) +CARETA3+CZETAZ *CH
+CH** 2 /DCMPTLE ( ) ~-DCMPLE ( ) *CH** 2 *CDLOG (CONE-CX)

) THEN

} THEN

ELSE
CLI3=CLI3H(CX)
END IF
IF (IFLAG.E(D.1) THEN
CH=CLN (-CY, —CE)
CLI3=CLI3-CZETA2*CH-CH**2 /DCMPLY ( )
END IF
END IF
RETURN

cﬂ--ﬂ--ﬂ--ﬂ--\l\l-\l-ﬂ-ﬂ-ﬂ--ﬂ--ﬂ--ﬂ--\l\l-\l-ﬂ-ﬂ-ﬂ--ﬂ--ﬂ--ﬂ--\l\l-\l-ﬂ-ﬂ-ﬂ--ﬂ--ﬂ--ﬂ-\l-\l-\l-ﬂ-ﬂ-ﬂ--ﬂ--ﬂ--ﬂ-\l-\l-\l-ﬂ-ﬂ-ﬂ--ﬂ--ﬂ--ﬂ-\l\l\l\k\k\k%%%\l\l\lﬂ-ﬂ-ﬂ-%%%\l\l\lﬂ-

END
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Match 19

/I Li_3(x) for 0 < [x] <=1, Re(x) <= 1/2

std::complex<Double_t> GSM::ZMath::Li3H( const std::complex<Double_t>& x)
{

std::complex<Double_t> li3h (0,0);

std::complex<Double_t> cone (1.0,0);

std::complex<Double_t> Cold (0,0);

std::complex<Double_t>c (0,0);

std::complex<Double_t> z = -ZMath::Log(cone-x);

std::complex<Double_t> p = cone;

Double_t B[59];

ZMath::GetCoefficients( B );

const Int_t N = 30;

Double_t F[N+1];

F[0] = 1.0;

for (Int_ti=1;i<= N ; i++) F[i] = F[i-1]*1.0%;

for (Int_ti=1;i<=N;i++) {

Cold = li3h;
p =p*z
c =0.0;

for (Int_tj =1;j <=i; j++) ¢ = ¢ + B[j-1]*B[i-j//(F[I*F[i-j]);

li3h = li3h + p*c/(1.0%);
if (abs(Cold/li3h - cone) < 1e-20) break;
}

return li3h;

}
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FUNCTICON CLI3H(CX)
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C Li 3(x) for 0 < |x| <= 1, Re(x) <= 1/2.
IMPLICIT LOGICAL (RA-Z)

COMPLEX* C¥,CLI3H

INTEGER I,J,N

# of terms to b
PARAMETER (M=
REAT*S B(0:60) ,EPS,F(0:N)

COMPLE¥*1¢ CC,COLD,CONE,CP,CZ,CZEROD

DATA CZERC,CONE/ ( . ). ( , )/

evaluated in the expansion, N <= gl.

-

C Relative precision.

EES= -

] po 1 I=2,59,
B(I)=

J] F(0)=
= Do I=1,N

F(I)=F(I-1)*DFLOAT (I)
CZ=-CDLOG (CONE—CX)
CP=CONE
CLI3H=CZERD
= DO I=1,N
COLD=CLI3H
CP=CP*C3Z
CC=CZERO
= DO J=1,I
CC=CC+DCMPLY (B (J-1) *B(I-J) / (F(J) *F(I-TJ)))
CLI3H=CLI3H+CP*CC/DCMPLY (DFLOAT (I))
IF (CDABS (COLD/CLI3H-CONE) .LT.EPS) GOTO
RETURN

c-\l-\l-\l-\l-\l-\l-ﬂ-\kﬂ-ﬂ-ﬂ--ﬂ-%-ﬂ--ﬂ--ﬂ--\l\l-\l-\l-\l-\l-ﬂ-\kﬂ-ﬂ-ﬂ--ﬂ-%-ﬂ--ﬂ--ﬂ--\l\l\l\l\l\lﬂ-ﬂ-ﬂ-ﬂ-ﬂ-%%%%%\l\l\l\l\l\lﬂ-ﬂ-

END
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539
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Il sgrt(x + i*epsilon*sign(Re(e)))
std::complex<Double_t> GSM::ZMath::CSqrt( const std::complex<Double_t>& x, const std::complex<Double_t>& e )

{

std::complex<Double_t> crt(0.0,0.0);
std::complex<Double_t>1(0.0,1.0);

Double_t sign;
if (real(e) < 0) sign = -1.0;
else sign = 1.0;

if (real(x) < 0 && imag(x) == 0) crt = sign*I*sqrt(-x);
else crt = sqrt(x);

return crt;

/I In(x + i*epsilon*sign(Re(e)))
std::complex<Double t> GSM::ZMath::CLog( const std::complex<Double t>& x, const std::complex<Double_t>& e )

{

std::complex<Double_t> cIn(0.0,0.0);
std::complex<Double_t>1(0.0,1.0);

Double_t sign;
if (real(e) < 0) sign = -1.0;
else sign = 1.0;

if (real(x) < 0 && imag(x) == 0) cln = ZMath::Log(-x) + sign*I*TMath::Pi();
else cln = ZMath::Log(x);

return cln;

Match 20
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=] IF (DREAL (CX) .LT.

FUNCTION CRT (CX,CE)

C e e e e sl ol ol e e e e e e ol e e e e e

bkqgcdl5_14.f

C sgrt(x + i*epsilon*sign(Re(e)))
c
IMPLICIT LOGICAT.
COMPLEX.*

(B-2)
CX,CE,CRT

(CX) .EQ.
,DRERAL (CE) ) * ( '

) THEN
CRT=DSIGN ( ) *CDSQRT (-CX)
ELSE

CRT=CDSQRT (CX)

END IF

RETURN

[0 e she e e e ke e ke ke b ke ke e o ke ke ke sl e ke e el ke ool e b e e ke ke sl sk el ke el e sl ke kel ke ol e ke e ke

END

FUNCTION CLN(CX,CE)

C e e e e sl ol ol ol e e e e e ol e e e e e

bkqgcdI5_14.f

C ln(x + i*epsilon*sign{BRe(e)))
C
IMPLICIT LOGICAT.
COMPLEX[*
REAL*S PI
PI= *DATAN ( )
IF (DREAL (CX) .LT.
CLN=CDLOG (—~CX) +DSIGN (
ELSE
CLN=CDLOG (CX)
END IF
RETURN

C-\l\l\l\k******\l\l\l******-\l\l\l\k**\h***\l\l\l******\l\l\l***w**\l\l\l\k******\l\l\l*

(2-3)
CX,CE,CLN

(CX) .EQ. ) THEN

,DREAT.(CE) ) * ( . ) *PI

END



/I Coefficients for Euler polylogarithm Li_n , see for example
/I "The Standard Model in the Making" by Bardin and Passarino
void GSM::ZMath::GetCoefficients( Double_t Coef[59] )

for (Int_t i=0; i<59; i++) Coef[i] = 0;

bkgcdI5_14.f, line 280-310 bzw. line 404-434

Coef[0] =1.0; Match 21
Coef[1] =-.50;

Coef[2] = 1.0/6.0;

Coef[4] =-1.0/30.0;

Coef[6] =1.0/42.0;

Coef[8] = Coef[4];

Coef[10] = 5.0/66.0;

Coef[12] = -691.0/2730.0;

Coef[14] = 7.0/6.0;

Coef[16] = -3617.0/510.0;

Coef[18] = 43867.0/798.0;

Coef[20] = -174611.0/330.0;

Coef[22] = 854513.0/138.0;

Coef[24] = -236364091.0/2730.0;

Coef[26] = 8553103.0/6.0;

Coef[28] = -23749461029.0/870.0;

Coef[30] = 8615841276005.0/14322.0;

Coef[32] =-7709321041217.0/510.0;

Coef[34] = 2577687858367.0/6.0;

Coef[36] = -26315271553053477373.0/1919190.0;

Coef[38] = 2929993913841559.0/6.0;

Coef[40] = -261082718496449122051.0/13530.0;

Coef[42] = 1520097643918070802691.0/1806.0;

Coef[44] = -27833269579301024235023.0/690.0;

Coef[46] = 596451111593912163277961.0/282.0;

Coef[48] = -5609403368997817686249127547.0/46410.0;
Coef[50] = 495057205241079648212477525.0/66.0;
Coef[52] =-801165718135489957347924991853.0/1590.0;
Coef[54] = 29149963634884862421418123812691.0/798.0;
Coef[56] = -2479392929313226753685415739663229.0/870.0;
Coef[58] = 84483613348880041862046775994036021.0/354.0;
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