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What is the Recursive Relation

Off-shell R.R. for gluons in fixed color-order

JH(1,2,3: 7) : .
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Why do we use R.R. ?



Matrix Element
generation:

Matrix Element
evaluation
(Fortran):

May 6, 2011

MG5 is Fantastic!

Process MapGraru 4 | MADGRAPH 5 | Subprocesses | Diagrams
PP —> 3ij 2008 544 s 34 307
pp—» jil L 341 s 258 s 108 1216
pp — jijete” 1151 s 654 s 141 9012
ut — ete~ete " ete” 772 s 175 8 1 3474
99 — 99999 2788 8 1049 s 1 7245
pp = ji(WT = 1Ty 146 s 70s 82 304
pp — tt4full decays 5640 s 22 s 27 45
pp— §/3G/§ 222 s 286 s 313 475
7 particle decay chain 383 s 52s 1 6
99 — (§ = vixg))(G = uii?) 70s 55s 1 48
pp —+ (§ - jif~ : 11008
More Efficient than MG4
ST MG4|MG5, MG4 | MG 5
uik = et e” 8 8 <6 < Bus
siseeee | 10| 8 ozms|oums  fromJohan’s talk
i —eTe ete et e | 6668 | 3775 | 46.5 ms | 19.0 ms
uil — dd 6 ] < dus | <4dus
utt —+ diig 16 16 27 us | 27 ps
ult —+ ddgg 85 67 |0.42 ms|0.31 ms
utl — ddggg T48 | 515 |10.8 ms |6.75 ms
uil —» wiigg 160 116 | 1.24 ms | 0.80 ms
wit —+ uiiggq 1468 | 960 | 35.7 ms|17.2 ms
wii — dddd 42 | 33 | Bdpus | 83 ps
il — ddddg 310 | 197 |1.88 ms|1.15 ms
ui — ddddgg 3372 | 1876 | 141 ms | 34.4 ms
ui - dddddd 1370 753 |425 ms | 6.6 ms
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BUT still not satisfied!

Because

For some processes, Generated HELAS codes

cannot be
compiled and calculated...
99 — 94 Especially for

q9 — 499 Multi-parton QCD processes
99 — 9949

May 6, 2011 Y. Takaesu - Recursive relations in MG 5



Why codes for Z M|?

color
cannot be evaluated?

because of

# of diagrams (Function Calls)
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QCD processes with

\
M AMPs cannot be compiled

10°
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?“3 _
Z 10° |
.S
0
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E;“ ‘ | gg > ng (ext) -
1 ug>ung —
o uu>uung
100 | | l

Final State Particles
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Rearrangement of diagrams (AMPs) into JAMPs
takes large amount of compilation time for many AMPs

matrix.f gg > ng

AP (L )= 2% (+ HAGLRANP (1 )+ IMAGLFANP (3

MAGLYANP (4 )+ HAGLFANP (5.

S +AIP(45 ) AP (44 ) +ANP (47 +ANP (45 )+ANP (43 .+ AP (51 .+ AP (69)
$ -AIP(TL)-ANP (72) AP (73)-ANP (74 J+ANP (76 4 AP (77)- AP (4)

§ _AP(324)-AI(326)- AP (370)+ P (372 ) oAIP(373)- AP (375 ) Al (377)

CALL YKREKK(P(0,1),ZERD NHEL (1), -L¥IC(1) (1,1)) % 3 WP (L ) IHAGLAATP (4 ) YAt (248) § AP (376 )4AP(383 )+ AIP (352 )-ANP (406 4P (408 )+ AIP (429)-AIP (411)
CALL UXRUXK(P(0,2) ZERD NHEL (29, -L¥IC(2) 0(1,2)) L IHADLAAP (34 THADLAAHP (45 THAGLAMP (343 $ - - M (2572 (261 )P 250 AP (304 Y+AP 385, § —AMP(413)-A1P(412 )+ AIP (419 oAl (418 )4AMP (506 AP
CALL VXRAXK(P(8,3)  ZERD HEL (3) ,+1¥1C(3)0(1,3)) IR )-IHAGLAAP (3 $ 2+ IMAGL*AP (30 ) IHAGLYANP(35 ) § AP (3089 (3173 AHP (316 AP (3203 AHP (315 9o AP (32350 AHP (322 AP(23)= 24 (-AHP (1 )+ (3)- AP (5)+AIP(6)- AP (7)-AII(8) AP (10)
CALL VKKK (P(0,4) ,ZERD NHEL (49, +1¥IC(4),0(1,4)) = > § 4 THAGLHAIP(34 - IHAGLFAP(45)- INAGLYANP (443 § LA (325 P (326 AP (331 0 AP (3333 AP 337 AP (3399 § —AMP(LL)-AIP(29)-A1P(30)-AMP(33) AP (35 )-AHP (34 )+
CALL VIXRXK(P(D,5) , ZERD NHEL (5), +LXIC(5),¥(1,5)) )-IMAGLAANP (30 (3 JNP(2)ei2K ) $ +AP(340)-AP (392 )-ATP (346 )+AI1P(348)-AITP (403 )+A1P (405 )-AP (489 § i RGER A RE b R IR D AP TREEED)
CALL VWL L(W(1, 1) 0(1,2),6C_4, ZERD, ZERD, W(1,6)) +THAGL#ANP (31 )+ IMAGLYAYP (45~ IMAGL#ANP (43 ) - IMAGLYAHP(1: ) $ SAMP(411)sAHP(412)-AMP(414)- - AP (507)) L 2O R (22 R Lo ) NG
AL WL 100 3). (e 4),00 4580, 20, K(LT)) § +AP(131)-ATP(135)+AIP(L33)-ANIP(261)-A1P(282)-AIP(283)-AIIP(284)

Anplitude(s) for diagran nunber

CALL WWVL_B(H(L,6),49(1,7) (1. 5) 6C_4 AP (1))
CALL WV1_1(W(1,3),(1,5),6C_4,ZER0, ZERD, W(1,8))

)
JANP(3)=+2%(~IHAGLAANP(1)- THAGLFANP (2)- INAG AP (5)- INAGL¥AIP (6)
)

)

5
~IMAGLYANP (34)- IMAGLYANP (42)- IHAGL#ANP(41))
I

$ o
$ +IMAGLYAIP (31 )+ INAGLFANP (45 )- INAGL¥ANP(43))
NP3 (1)-

)-IMAGLYANP (6)

) -! )
+ THAGLYANP (33 )-IMAGLHANP(35)

Jole(E AR (e G e (1) ()
$ +AUP(L1)-ANP(12)+ATIP (24 )+ TP (25 ) +ANP (25)+AIIP (35 AP (34)

$ ~ANP(39)4AI1P(37 )+ AN (193)-AIIP(195)+AIIP(197)-AIIP (198 ANIP(200)

$ +AP (281 )+ )-AHP(208)+AP(219)

$ +ANP (285 )-AIP (257 )-AIP (268 )+ AP (296 JoANIP (295 )+ ANIP (299 )+ P (360)
$ +ANP(301)+AIP(332)+AIP (331 )+ AHP (333 AP (337 )+ AN (345)-ANIP(340)
$ +AP(342)-AIP(343 )+AIP(367)-AIP (369 AP (370)- AN (372)

Amplitude(s) for diagran number s § TArp(oiss me P et $ 4ANP(377)-AIP(363 AP (378)-ANP (384)- AP (389)- AP (390 )+ P (352)
e T ki) it ) i) O G T iR G e e AR e pa )
e f(" ;m;m)m (1,9)) ~IMAGLRANP (26 )+ MAGL¥AMP (29 )+ IMAGL¥AMP (28 )~ INAGL¥ANP (33) (4)=r2%(4 (2)-! (3)4 (5)+ ) $ +ANP(307 )/ Y+ANP(358)-AMP(360) § AP (22 YA (23 AP (29) AP (1) AP (32 mv(asymv(a»)

CALL WWVL_B(H(1,6),4(L,3), w(1 9) 6C_4,AMP(3))

Amplitude(s) for diagran nurioe

CALL WVL_1(W(1,1),W(1,3),G

x4
I (L,6,65. AP(H)

+THAGL¥ANP (31 J+ IHAGLYANP(42)- IHAGL*AP (40))
JANP (5)=42%(~IHAGLAANP(1)- THAGLFANP (2)- INAG AP (5)- INAGL¥AIP (6 )
~IMAGLYANP (14 )+ IMAGLYANP (15 ) IHAGL¥ANP (17 )~ INAGL¥AIP (16)

§ ~IMAGLYAMP(T)-TMAGLYAMP(3)+ INAGLYAYP (16)- INAGL*AMP (12)

$ o .
$ +IMAGLYAIP (31 )+ IHAGLFANP(42)- INAGL¥ANP(48))
IS (1)-

§ ~ANP (364 )4AP (366 )-ANP (368 )-AP(367)-AP(3T1)-AP(378)-AMP(3T7)
$ AP (38L)-AP (375)-AP (380)-AP (461)-
$ 4ANP(465)-ANP (473)-ANP(472)-ANP (469)-ANP (470)-AP (497)-AP(498))

$ ~AHP(45 4 AIP (43 )+ AP (59 +ATP (60 )+ AP (61 4P (63)- NP (65
$ ~AHP(66)-AIP (67)-AHP (75 )-AIP(76)-AHP (T7)-ANP (78 )+ AP (67)
$ +AIP(86)-AIIP (30)+ AP (353 AP (281 AN (282 )+ NP (283) o P (284)

CALL WA B, 3L NG g ) JAMP(14)= 2% (+AIP (8)+AIP () AP (18)+ATP (12 )}+AIIP(13)+ AP (14 b " W Y - i
e e SRS e R el e RS e
CALL WWLB(W(M).W(M)V!( +5),W(1,6),6C.6,41P(6)) 1+ IMAGLRAIP PeRuCLaha(a) ) § +AHP(41)+ANP(4D ) +ANP(97)-AHP (99 )+ANP (181)-AMP (162 )~ $ +AHP(324)-AHP(325 )-AHP (367 )+AMP (369 )-AHP (373 J4ANP(375)

i

CALL YW1 (0(1,2),0(1 4,6
Anplitude(s) for diagram nunber 5

1
_4,2ER0, ZERD, W(1,18))
4,26R0, ZERD, W(1,11))

CALL WN1_(H(1,10),W(1,11),0(1,5),6C_4 AP(7))
CALL WHLL(H(1,2) M(1,5),64 2000, 2280, W 12))

Auplitude(s) for diagron nunber

- THAGLYANP (44
ZIHACLSAT 5+ THAGLYANP (9)-INAGLAATP(LL)-IHAGL*AYP (18)
~IMAGLYANP (27)- IMAGL¥ANP (23) - IHAGL*ANP (28 )~ INAGL¥ANP (36)
.mmwp(a«).Irw:mnp(as) xmmwp(w))

-+ IMAGL 61
,mpoz).mmmv(ﬂ)ummmv(za)qmmxmp(zﬁ). 1rAGL

)
JAMP(6 )=+ 2% (+ INAGLANP (L )+ IMAGLANP (3 )- IHAGLANP (4 )+ IMAGLKANP (5

3
$ -]
$

§ai ) )-
$ +IMAGLYAIP(34 )+ IHAGL¥ANP(39)- INAGL¥ANP(37))
NPT @

$ +AMP(111)sAHP(112)- AMP(113yAm(115).Am(116).Anp(117)5mp(126)

$ 4ANP(125)-ANP (134 )-ANP (133 )-AP (267 )+AI1P (269 )+AP (278

$ +ANP(272)-AP (274 )P (275 )+I1P (276 )P (219)-AP (278 )-A1P (383)

e comy e ony e p e (ol e s (ol (1)
§ A HE)-WP(2)- P (34)-WE (20 AP (54 (250 (357)

§ —ANP(350)-ANP (355 )+ AP (365 )+ AP (364 )-AP (460 s Al

$ +AP(376 )-AIP(378)-AIP (302 AP (304 )-ANP (386 )+ AP (390
$ +AP(331)-AIP(393)-AIP (395 )-AIP (354 1+AIP (481 )+ ANIP (480 ) AN (509)
$ +hP(51s

AP (Z5 )=+ 2+ (-AIP(46 )+ AP (45 )-AIP (50 )+ AP (51)-A1P (64 ) NP (66)

$ +AHP(67)-AIP (68)-AHP (74 +AIP(76 )P (77 )+ANP (BL)-ANP (75

$ +AHP(90)-AIP (56)- mv(m).mp(m) AP (15)+ANP (166)-A1P (157)
- Al (213)- AN (215)

CALL WWV1_8(W(1,18),1(1,12) (1, 4) GC_4,AMP(8)) xmn(«u)umnmnp(aa).msmnp(qs).xmmmp(«)) $ *AMP(L $ +AMP(463 )-AHP (465 )-AMP (467 ) m:(»ss).w(473).mr:(wz).w(w7) $ -AMP(188)-ANP(199)-ANP(131)-At AP

Anplitude(s) for diagran nusber - THAGLRANP (3 Jeimast § HAIP(24)- THAGLXANP (25)- NAGLAANP (30 )~ INAGL¥AIP (29)+ IHAGL § +AP(438)) 2 ¥ AP (228)-A1P(229)

TALL WL 6(H(1,10) V(1,2 1, 9),00.4,4P(5)) AN (103 IHAGLAANP (13 ). TIAGLYAIP (14 )+ TIAGLYAP (17 ) HAGL § HAMP(41)+ THAGLRANP (40 )+ INAGLAANP (45 )+ IHAGLANP (44)) JANP (15 )= 2% (AP (L)-AIP (2)-AHP(4)-AIP (5)-AIP (13)+ AP (15) § TAP(236 - AP (2383 AP (243), AP (241 )+A1P(254)
Anplitude(s) for diag va(1s).lmmXAMP(25).lmm*mv(m)ummtmp(zs).mAm JAP(8)=+2%(+ IMAGLFANP (8)- HAGLFANP (3 )+ IMAGL¥ANP (11 )+ INAGL s —AHP(17)+AMP(18)-AHP(19)-AMP (26 )-AMP (23 ) +AlP (36 )-AMP(34) $ )-ANP (314 )-AMP (315 )-AHP(320)-ANP (321 )-AHP(327)
CHL WA DI, ) Mo wo s) 4(1,10),65_6,A1P(10)) 5 § AN (10)+ INAGLYANP (13)+ THAGLYANP (14 )+ IHAGL#AMP (17 ) IHAGL. § ZANP(38)-ANP(37)+ AP (194 )+ AIP (195 +ANIP (196 +ANP (195)- NP (208) § +AlP(328)-AIP(330 AP (4283441 (427)
CALL WW3_B(H(1,2),W(1,4),0(1,5),W(1,18) ,GC_6 ,AMP(11)) P (8)- -1 HAMP(1 +] 1t $ -AMP(201 )-ANP(202)-ANP(210)-ANP (211 )-ANP(212)-ANP(213 ) +ANP(222) $ +AHP(435)-AlP(430 ) AP (432)-¢ WP(477)+AlP(479)
CALL WAL_B(H(1,2) W(1,4) 4(1,5),M(1,18),6C_6 AMP(12)) e mmmp(za).;mmwp(m_mm,w(23)_mm, $ HANP(38)+ THAGLYAIP (37)- INAGLAANP (45 ) IAGLFAIP (43)) § SAP(221)- AP (264)-AIP (265 AP (268) § +AIP(482)+ATIP (489 )+AIP (491 )+ AIIP(492 ) +ATIP (488 AP (494 )+AIIP(493))
CALL WVLL(W(L, 1) W(1,4),6C_4,2ER0, ZERD, W(1,13)) IAG1 AP (26 ) =12+ (-AP(47)- Al (43)-AIP (49)-A1P (51)-AIP (63)+ AP (71)

CALL WVI_L(W(1,2) W(1,3),6C_4,ZER0, ZERD, W(1,14))

Auplitude(s) for diagran nusber 9

BALL WAL 6(V(4,13). (2, 14,008,624 AP (13))

Auplitude(s) for dia

CALL VW¥1_B(H(1,13) (1, 12) w(1 3),6C_4,AlP(14))

Auplitude(s) for diagram numoer

BALL WWABH(L,43) (L 2 H(L,8) 004 AP(IS))
y 12

Auplitude(s) for diagran nu

CALL W¥V4_B(H(1,2),1(1,3), w(1 5),0(1,13),6C_6 AP (16))

xmn(}s) IMAGLFANP(37)- IMAGLYANP (415 THAGL#ANP (48 )
amp(m)..zx( IHAGLYANP(1)- mmunp(a).mww(o) Ihast
O+

—IHAGLAIP (34 )- IMAGLYAMP (39 )+ INAGLKANP(37))
JANP (11 )=+ 2% (~THAGLXANP (7)- INAGLYAIP(8)- IMAGLYANP (11 )-NAGL
MPG) WGP (10 TUCLNP(S)- INGI (- ot

*

IHAGL
AHP (38 ) IHAGLYANP (37 IUAGLVANP (42)- IAGLAAMP (40))
- IHAG

HELAS
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JuP(12
AP (4)+ IHAGLYAIP

1+ IHAGLANP(3)-

~IMAGL¥ANP(31)- IMAGLYAMP (42 )+ NAGLHANP (48))
AP (13)=+ 2% (+ IMAGLXANP (13 )+ HAGL¥ANP (15 ) IHAGL#ANP (16 )

-1 )
+IMAGL¥AMP (24 )~ IMAGL*AMP (26 )- IMAGI¥ANP (33 )- IMAGL¥AMP (32)

)
JAMP (14 )=+ 2% (+ HAGLFANP (7 )+ INAGL¥ANP(8 )+ HAGL¥ANP (11 ) THAG.

AP (9)=12HC IUGLPAT (1) INGLIATP ©)-INGLAP(LL)- st
3

$ me(zz) IHAGLYAIP(27 )~ HAGLHANP (36 - xmsmnpas).mm
$

Jmp(m)«zx( xmsmnpu) msmw(a).msmm(q) MAGL
§ PO UL

§ LTHAGLAAIP (34 THAGLIAIP (3904 TGP (37))
AP (11 )=+ 24 (~THAGLYAIP(7)- IHAGLYAYP(8)- IMAGLAANP (11)-THAGL
$ RANP(12)- IMAGLYANP(14)+ IHAGLYANP (15 ) THAGL#ANP (17)- IMAGL.
$ 1AP(16)- IUGLTATP(26)- INAGLAARP 35)- INAGLATP G2 )- G

3 A

3 p(jz)-.zx( xmsmnp(z).mww(a) IMAGLYANP (5)- IMAGL

$ -AHP(269)-AHP(270)-AMP (271 J+ AP (278 +ANP (277 Y+ AP (309 Y4AHP (310)
$ +AIP(3LL 4P (349)-ANP (351 1o AMP (352 )-ANP (354 )+ AP (359)-AIP (365)
Qe et i o i e o) (e ()

$ +AP(381)- AP (379)-AP (425)
ST 29 ho7) N G58) W (455 )N (53 I o o (Rl

s .mp(zz) AP (2434 AHP (28 Yo AIP (27)-AIP(28 )+ ANP (39 )+ NP (38)
$ AP (44)-A1P(43)+AIP (52 )-AITP (54 )+ANP (56)- AP (57)-AP(54)
§ +ANP(66 J4AP(67)-AP (68 )+ ANP(70 )+ANP(TL ) AP (T2)+ANP(31)
$ +ANP(82)-AP(89)-AIIP (88 )+AP (268 )+ATP (269 )+AITP (278 )+ANP (271)
S e R C AR S SE (S o0 X ()
§ ~ANP(311)-ANP(314)-ANP(313)-ANP(317)-ANP (316 )-ANP(323)-AMP(327)
§ AP (324 )-AP (326 )-AP (352 ) +Al1P (354 )+ 1P (355 )-AP (357 AnP(ss?)

At
$ FAP(4)+ THAGLFAP ()4 AL

$ 4
$ - IMAGL¥AIP(31)- INAGLFANP(42)+ INAGLFAP(48))

$ +IMAGLFANP(18 )+ IMAGLANP (19)+ HAGL¥ANP
$ +THAGLFANP (24 )~ IHAGL¥AMP (26 ) INAGL¥AMP
$ +IMAGL¥AMP (24 )~ TMAGL¥AMP (26 )-TMAGL
$ +THAGL¥ANP (42)+ THAGL¥ANP (41 )+ THAGLH

_mv(m) mr(»zu).w(»av).Aw(»ae).w(su:).mw(sm))
(- mp(z) AP (3)-AMP(3)-AMP(6)-AMP(L3)-AIP (14)

" AP (33)-AP(38)-A1P(37)
AP (100)+ANP (102)-ANP (115)
AP (123)-AIP(132)
(2645 AMP(265)- A1 2665
AP (277)-MP (299)-A1P (308)

$ 4P (72)-AIP (73)+ AP (74)-AIP (76 )-AHP (77 )+AHP (84)-ANP (62)
$ -AP(90)-AIP (89)-ANP(136 )+ P (138)-A1P (148 )+AIP (141 )-AIP (142)
$ —AP(L43)-AIP(L45)-AIP (146 )- AN (164)- AP (165)- AP (168)-A1P(178)
$ - 77)-AHP(175 )+ P (231 )- AP (233)-AIP (234)-AIP (236)
$ )- -AIP (254)- AN (255)
$ ~AHP(258 )-AHP(ILT)-AIP (3L 4 ANP (320 )+ AP (321)- AP (329)-AHP(328)
§ -AHP(325 )-AHP(326 J+AIP (404 AIP (403 AP (410 ) AP (485

$ +AHP(417)-AIP(412)+AIP(414)-AIP (415 AP (475)- AP (477)

$ 4P (478)-AIP (450 )+AIP (485)-AIP (491 )+ NP (486 w(<gz) AP (494)

AP(27)=12 (AP (52)+ NP (54)-AIP (56 )+AHP(S7)s AP (64)-AIP (66)
§ AP (67 )+ AP (65)-AHP (70 )-ANP(71)-AP (72)-AMP(81)-A1P (30

§ +AP(89)+AIP(55)-ANP(162)-AMP (133)-AP (184)-ANP(186)-AIP(133)

$ —AIP(194)-AIP(196 )-AIP (157 ) +AIP (209 AP (210)+ANIP(213)-ANP(218)

§ AP (2LT)-AP(222)-AIP(221)-AIIP (226 )P (228 )+AIP (229 A1 (232)

§ +AIP(233) AP (234 )+ AIP(235)-AIIP(292)- NP (41 )+AIP (272 ) AIIP(273)

$ +AIP(276)+A1P(314)+AIP (315 )sANIP(3L7 4P (318 )+AIP (327 sAIIP(329)

$ +AIP (330 )+ANP (326 )+ AMP (425 s AP (424 )-ANP (428 )- AP (427 )4 AMP(431)
§ 4P (438 )+ANP (433 )+ AHP (434 )+ AP (458 )+ANP (453 )+ AP (461 )+ AP (462))
§ +AP(47L)+ANP (473 )+ AMP (474 5P (470 ) 5P (497 )+AP (496 ))

) HANP(12)+ IMAGL¥AMP (14 )~ THAGL*AMP (15 )+ IMAGL¥ANP (17 )+ IMAGL B Ao (3373 AL (34130 P (248 JAMP(28 )=+ 2% (-ANP(53)-ANP (54 )-AIP (55 )-ANP (57 ) +ANP (78 )+ AP (71)
%) KNP (16 )+ THAGLHANP (26 3+ INAGLANP (33 )+ THAGL¥ANP (32 ) THAGL SHIP (1412 ITAGLAAP(7)+ TUAGLAP AP (351 AP (352) AP (354 $ +AIP(72)-ANP (75 )-AIP (76 )-A1P(77)- AP (78)+AlIP (BT )-AIP (85
) AP (36 )+ THAGL¥AMP (37 )~ THAGL¥ANP (42 )+ INAGL*ANP (48 )) $ ‘AHP(ﬂ)'IHAM*A"P(i")-WM*A"P@E ) AMP(ass)m(sss) AMP(387)-AP(392) $ -AHP(90)-AHP (89 )-AHP (31 )+ AHP (93 )-AHP (95 )+ AMP (96 )-AMP(37)
AP (15 )=+ 2% (~ INAGLFANP (13 )- IMAGLYAMP (14 ) IHAGL¥AMP(17) § '::::(ég)*:mgi*mg(is)';:i;‘ 2 $ -AIP(38)-ANP(100)-ANP(161)-ANP(119)-ANP (128)-ANP (123)- AP (125)
~IHAGL*ANP (18)- IHAGLYANP (19)- 1Mm*mp(u)umsmnp(zz) e (e « P27 AP (28)- AP (29N (31 YsAHP (32)- AP (39 ATP(37) $ ~ANP(124)+AIP(132)-ANP (138 )-ANP(232)-AHP (233)-A1P(234)-AIIP(235)
o ummuw(ﬂy JAMP (15 )=+ 2% (~ IMAGL¥AMP (13)- IMAG1*AMP(M) THAGLRANP(17) PSP (43P (533l (34 AL BB AP (57 AP (703 $ +AIP(237)+AlP(238 )+ AlP(239 )+ AP (243 ) AP (242)-ANP(272)-AlP(273))
) )) $ -Imsiunp(m) lmmunp(ﬂ) lmEl*AHP(Zl)dMAEi‘AﬁP(zZ) P (TL) AP (22 P (7530 AP (76 4P (77 AP T63-AMP (57 $ -AMP(276)-ANP(3L7)-ANP (318 )+ AMP (320 )+ AtP(321 )-AIP (329 )-AlIP (328)
$ $ -AMP(325)-AMP (326 J+AMP (386 J+AMP (385 J+AMP (392 )+AMP(391)
JAHP(16):02*(»lHAGl*AHP(1)*lHAEl*AﬁP(2)+II1A51*AHP(5)+U1A51 8 S (39) T (35)7 )7 § LIP30 AP (354 AHP (308 AP (357 AP (457 AMP (459
PN o TR SR
¥ - + . o o $ -AMP (496,

S e e : *;~::g:z;;:ﬂgwc:;::zA;sggg**r::giz;;:“ggw<“>**”Ml*‘“"ﬁ“ P ) e e G R 5 -0
CALL WL 1(0(1,1),W(1,2),1(1,3),6C_6,ZERD, ZERD, W(1,18)) JAHP(N)«Z*( IHAG1*AMP(E)-lHAG1*AHP(9)-II1AEHAMP(11) THAGL 33 (27)+ b ( it § —AIP (67 )+ AMP(63)~ANP (71 )- AMP (72 )+ AP (73 )-ANP (84)-A1P(83)
Anplitude(s) for diagram nunber 2t HANP(18)- IMAGL¥AMP (13 )~ IMAGL*AMP (14 )- IMAGL¥ANP(17)-IMAGL AT yor? & 36)) HANP(17)-ANP (16 )+ ATP(19)e AP (28 ) AHP(23)-AHP (36 4P (34) $ +AMP (B9 )+ AP (BB )-AMP (137 )-AMP (138 )-AHP (139 )-AMP (141)-AIP (148)
CALL WWWA_B(H(L,4),0(1,5),(1,16),6C_4,AMP(28)) HAMP(18)- IMAGL*AMP (25 ) IMAGLXAMP (30 ) IMAGL¥AMP (29 )- IMAGL $ —ANMP(140)-AMP(151 )-ANP(152 )+ AP (164 )+ ANP (165 )+ AP (168)-ANP(173))
CALL YWVL_B(U(1,4),9(1,5),8(1,17),60_4,AMP(29)) KANP (38 ) THAGL¥ANP (37 )+ INAGL¥ANP (45 )- THAGL*AMP (43)) : ::pﬁ(i? :mgi:mz(;g)';q:gi:m;<§;)';mgﬂm’;(g> :mgi e e e $ —AMP(L72)-AHP(LT? ) AMP 176 J+ANP(227 AP (228 )+ P (225
CALL WL B(W(L,4),1(1,5),0(1,18),6C_4,AMP(38)) JAHP(lB)_ 2*(—-II1A51*AI1P(2)¢lHAEl*AHP(])—IHAEI*AMP(S)—IHAM s AMPES&; ‘"AM*A"PE“; ¢ 3 (29 . 3 AP(316) $ +AMP(230 )-AP(231 )+ AP (233 1+ AP (234 )-AMP (242 )-AP (241 )4 AP (290)
CALL WWWv4_L1(W(1,1),8(1,2),%(1,4),6C_6,ZERO, ZERD, W(1,19)) e 9 = +AIP(312)-ANP (350 )-AIP (343 )-ANP (353 ) AP (352 )-AIP(359)-ANP(363) $ AP (291 )+ANP (294 )+ANP (314 )+AMP (315 )+ AP (317 }+ AP (318 )+ AP (327 )
CALL WWE_L(N(L,13,9(1,2),4(1,4),6C_6,ZERD, ZERD, W(1,20)) ormsmnv(zs)qmmwp(za) INAGLYANP(28)- IWAGLAANP (32) JAP(16)= 5)-1H ~AP(360)-ANP(362)-MIP (367 ) AP (365 $ +AIP(329)+AHP(330 )+ AP (326 )+ AP (487 )+ANP (406 )-AHP (410)-AP(409))
CALL WWWWL_L(N(1,1),0(1,2) (1,4),6C_6,ZERD, ZERD, W(1,21)) [b -~IMAGL¥AMP(3L)-TMAGLXANP(45 )+ INAGL¥AMP(43)) $ P 3)+ IMAGL*ANP(15)- **1”“1"‘”’(13) (e ) $ +AHP(413)+AHP (412 )+ AHP (415 )+ AP (416 J+ AP (440 s AP (441 Js AP (443))
anplitude(s) for diagram nunber 21 JAMP(19)=+2% (+ INAGL¥AMP (13 )+ IMAGL¥ANP (14 )+ MAGLXANP (17) $ +IMAGLYANP - )-TMAGL¥AMP (32) & 7. ) $ «AHP(141)o:HP(153)oAMP(455)oAMP(456)oAHP(452)vAMP(Sw)MHP(ﬂ?)
CALL WWVL_B(H(1,3),H(1,5),4(1,19),6C_4,AMP(31)) oIMAEi‘AHP(lE)del*AHP(lQ)clHAGl*AHP(Zi) IHAEUAMP(ZZ) ‘JA"P (193m a (13)')' "> AP (1) AP(20)- ‘Jf’mgzg;imsgg‘;fi:g;;g‘;fiig;é:‘;fi:gé:gfﬁzz::gfiﬁgz:g(ﬁs)
CALL WwW1_B(W(1,3),¥(1,5),4(1,20),6C_4,AMP(32)) Thea 39 HAGLKANP (3857 THAGLSAP (445 TMACLHANP 43 $ AP(15 2 ::?E 111 Yo AP (112)-1 >§>, $ +AMP(90)-AMP (88 )-AMP (92 )-AMP (93 )-AMP (94 )-AMP (96 )-AMP (103)

CALL WWVL_B(W(1,3) W(1,5),8(1,21),6C_4,AMP(33)) + (397 (38 ( )* ( )) § L IHAGLYANP (245 IHAGLHANP (275 IHAGLIANP (36 - THAGLYANP (355 THP(120 AP (134) AMP(133)- 3P 265 $ —ANP(104)-AIP(106)-AHP (107 )+AHP{119 )+ AMP (128 )+AHP(123)-AIIP(126)
CALL WVUH_L(I(L, ), 0(L,2) (L,5),666,ZERD, ZERD, W(1,22)) [ IAMP(28)=v 2% (+IHAGLKANP(7)+ IHAGLYANP (8 ) IHAGLYANP (11 )+ IHAGL $ TSI G . LA G« HSLEAP (1) TSP (129 § “ANP(127)-ANP(132)-ANP(131)-ANP (227 -AHP (228 )P (225 )P (238)
CALL WWAW3_L(W(1,1),W(1,2),W(1,5),6C_6,ZERD, ZERD, W(1,23)) [§b *AMP(12)+ IMAGLKANP(20)- IMAGLYAP (21 )+ INAGLYANP (23)+ IMAGL + MAGL AR SR () $ -AHP(237 )-AHP (238 )-AHP (239 )-AHP (243 )+ AP 241 )-ANP (298)-AHP (291)
CALL WWOVL_1(0(1,1),0(1,2) W(1,! 5),5: 6,2ER0, ZERD, W(1,24)) ::m(;g)nmw»\m(m)o1msmnp(as)qmcmnp(ss) THAGL S (12)“""““”?(25) m GLYANP (21 )+ THAGL, mp(za).mm s g;?t‘”" 352 S ) $ -AMP(294)-AMP(314)-AMP (315)-AMP(320)-ANP(321 )-AP(327
anplitude(s) for diagran nunber 2: B M T T N e AP (44) AP (44T AP (445 $ +AMP(328)-AMP (330 )+AMP (325 J+AMP (380 J+AMP (388 )-ANP (392)-AMP(391))
CALL Wsz(w(i.3),w(1,1),w(1,2z),5: 4,AMP(34)) JAMP(21)=+2% (- IMAGL¥AMP(13)- IHAEi*A"P(15>*1HA01‘AHP(16) § b AHPEM;AMGHMP&&M AEﬁmPqugummt AMPzaa;) HP(01)) § +AMP(395 ) +AMP (394 ) +AMP (397 )+ AMP (398 )+ AMP (439 )-AMP (441 )
CALL YWVA_B(H(1,3),4(1,4),0(1,23),6C_4,AMP(36)) ~IMAGL*ANP(18)- INAGL¥ANP (19 )- IHAGL*ANP (20)- INAGL¥ANP (23) g e T R T T s, P21y 24 (AP (1)- NP 2)-MP(4)-P(S5)-MP(TYAP(3)-AP(11) $ $ANP(442)-AIP (444 ) AP (449 )-ANP (455 ) AMP (450 )-ANP (456 )-ANP (500)
AL WHLZBUCE, 30 1L, 4),0C1,24) 008 AIPGE)) 1 % 2 o x , 2 S ol A R P e (e (e
CALL WWWW4_L(W(L,1),4(L,3) H(1,4),6C_6,2ER0, ZERD, W(1,25)) W - )- )-| )-| D) § CINAGLYAIP(24 )+ INAGLYANP (26 )+ INAGLYANP (33 )+ IMAGLRANP (32 ) AP (IS AP (163 AP (166 (31 )=+ 2% (+ANP (46 )-AHP (48 ) +ANP (50 )-AMP (51)+AHP (52)+ AP (53)
CALL WWWW3_L(H(1,1),1(1,3) H(1,4),6C_6,2ERD, ZERD, W(1,26)) M JAMP(22)=+2¥(+IMAGLFAMP(L)+ IMAGLKAMP(2)+ IMAGL¥AMP (5 )+ MAGL AIP(176)- AP (282)-AHP(263)-AHP(256) § ‘::;Eg?;*::zE;g;‘::Ff833;A::ézigé;ﬁiszzég';"iisz;ggs(]ag(m)
HAMP(6 )+ IMAGLANP (20 )~ MAGL¥ANP (21 )+ INAGL¥AMP (23 )+ INAGLFANP (22 o i -AP(267)-AHP (268 )4 - + 1+ )+ )+ j+ 4
e 53 fox iogson ey TR0 TR0, VD) g T o (e )unfm)inp(ai) e @ N (L B el § +AP(195 JeAHP(L96 )4AP (198 )-AHP (199)- AP (200)-AlP (203 oAt (216)
CALL VWVL_B(H(L,2) M(1,5),W(L,25) 604 A1P(37)) 3+ $ HAMP(E)+ - )+ IMAGL¥ANP(23) SE0e R e e e ) $ +AMP (215 )+ AMP (221 )+ AMP (228 )-AMP (254 )-AMP (255 )-ANP (258 J+AMP (262)
WSS DE TR e Tt IR O e s, § MEITMeGe) e ke G nernke ) | R IRC R e B s
CALL WWVL_B(I(1,2),W(1,5),4(1,27),6C_4,AP(39)) ez TP (23 )=+ 2% & IMAGL T T R T $ +AHP(482)-ANP (422 AP (421 )-ANP (425 )-AHP (424 )-AP (431 )-AP(435),
+ § SAP (22) AP(23)oATP(25) A 26 AP (27 P (36 AP35
CALL WWW4_L(H(1,1),0(1,3),W(1,5),6C_6,ZERD, ZERD, W(1,28)) :ﬂs(i:)‘mgimg(ig)'mgi:ﬁ:mg)’:mg:ﬁ:i(ﬁ) mm § HANP(12)- IHAGL¥AMP (15 )- THAGLXAMP (28)- mAsmMP(za) mm RS et At gt S ] $ -AHP(432)-AMP (434 -AHP (479 )-AHP (480 s AP (452 )+ AP (483 )-AHP(491)
CALL Y3 1(0(1,1,9(1,3) (1,5),6C_6,ZERD, ZERD, W(1,29)) (41)- (40)- (45)- (44)) § %P (244 Yo THAGLFANP (30 § 71481 (72)-AHP (T3 4P (64) $ -AHP(498 )-AMP (457 )-AIP(488)-AIP (494 )-AlP (495 )+AlIP (508 )-AlIP(510)
CALL WWWW_L(N(1,19,0(1,3),9(1,5,60_6,ZERD, ZERD, W(1,38)) [ JAMP(24)=+2* (~IMAGL¥AMP(1)-TMAGLXANP(3)+ IMAGL¥AMP(4)-THAGL $ *AMP 41 JWMP(32)=+2% (+ANP (47 ) +ANP (48 )+AMP (49 J4AMP (51 )4ANP (58 )+ AP (59)
Anplitude(s) for diagran nunber 24 HANP (6 )+ IMAGLYANP (19 )+ IMAGLKANP (21 ) IHAGL*ANP (22 )+ INAGLYANP (24) AP (24)er2H (- "1”;1‘Am7(1> INAB]_‘AMp(g)qﬁAEllAnp(q) MGt QR R RERATRE S RS $ +ANP(61 )+ AP (62)-AHP (74 )-AP(75)-AMP (78 AN (83 4P (82)
CALL YWVA_BW(1,2),4(1,4),0(1,28),GC_4,AMP(48)) RAE(D FAE(% SHE(eD § RAMP (6 § +ANP(B7 }+ANP (86 J+ANP(142)AMP (143 )+ AP (145 )+AIIP (146 )+ 1P (149)
CALL WWL_B(I(1,2) 0(1,4),W1(1,29),6C_4,AMP(41)) ~IMAGLANP(34 )+ IHAGLXANP (45 )+ IHAGLYANP (44)) § —INAGLYANP(25)- mmump(sa).mm*mn(zs) IHAGLRANP(35) $ +ANP (158 )+AHP (151 )+AMP(153)-AHP (154 )-AHP (155 )-ANP (158 )+AHP (171)
CALL YWVA_B(H(1,2) (L, 4),0(1,38),60_4,AMP(42)) § CIHAGLYANP(34)+ IHAGLHAIP (45 0+ HAGLHAMP (443 $ +ANP(L70)+AHP (176 )+ AHP(L75 )+AHP(254 1+ AMP (255 )+ AP (258 AN (280)
Bl I ARG B s, T ) mEoHdme g o
ST e oy g it ity AP (408)-AP (4043 A1P(423)-AE (457 (496 ) AP (413)-A1P 417)
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Recursive relation

for gluonic subamp.
Reduce the # of diagrams (AMPs)

7

May 6, 2011 Y. Takaesu - Recursive relations in MG 10



We added n-point off-shell R.R.
subroutines to HELAS Library

May 6, 2011
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We also forbid gluon propagator between multi-
gluon vertices to avoid double counting.

For example,

§ is also made by
2x(3-point R.R. currents).

\

)

contalnsl ‘ =
< “p.  4-point R.R. current

)
Y

Double counting
12
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Using those off-shell R.R. subroutines,

We calculate JAMPs.

v 99 — 99
v 99 — 0g
AN\ gg — 79(0|< but slow..



Conclusion

* Generated Codes by MG5 for multi-parton
QCD process cannot be compiled for more

than 5 final states processes.

e Off-shell recursive relations helps us to reduce
the # of AMPs and the size of the codes.

* We proposed a way to calculate gg > 5g, 6g, 7g
processes by making use of the R.R. .



Future works

* Apply to processes with quarks,
g >qng, qq > qq ng

* Phase space integration and event generation



Dank u zeq

MERCI
BEAUCOUP!  #AHgucH

DANKE SCHON!

Thank you very much!

Grazie mille!
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