
Resummation

!



!

"#$%&'# (")*
+

,

- $.""*/#' (0#1.2#1.".34

+
$.""*/*13 ()'%*$"#5

+ ()'%.1 + 2./#" 6.' %0# /'*"" + 6)1 ('.$#55

+ 7'#*% + 8*31#' 9 18)

: ;&)1%&2 $0'.2. /41)2*$5

+
) '#<*#8 => ;$/

+
')/*)%*<# $.''#$%*.15 ?= /@

+
/3")( #<."&%*.1

A '#502) %.1

+

5.6% + $.""*1#)' 6)$%.' *5)%*.1 , *'$ 5)6#%4

+ %0# %')15<#'5# 2.2#1%&2 .6 %0# B 7.5.1

C D#% (045*$5

+
804 D#%5 E

+
D#%

F

/#6*1*%*.15

G D#% 5&75%'&$%&'#

+
3'..2*13 HIJ %)33*13

+ 2)$0*1# "#)'1*13 K LMNO>PQ R



*16') + '#5 9 $.""*1#)'

$*'.
5)6#%4

F "O?ST U=ITNJOM H VOIOMNU WM=UOTT ?XH? H? "= XHT I + WHM?OT

NI 0O >NIHP T?H?O $L? Y I +

+ = R

>
8X=

Z =M
[

\ =M
'#)"

\ F V
<*1%

Z >=PJ
] S
*2 =P

S

\ HT * >=PJ
] ] '

\ >=PP=^ < R
TOWHMH?O JN_OMVOI? , L`? ?XO T`a

NT

>NIN?O

$ H>?OM &< 9 (/6 MI F R

F 8XH? XHWWOIT N> ^O ^HI? ?= aOHT`MO HI =LTOM_HLPO

. Z . K

X=PNPQ
>NIHP + T?H?O a=aOI?H

K WHM?IOMT _T XHJM=IT R

F ^O NITOM? aOH`MOaO^? >`IU?N=IT K OV =b F
F c

,
C U F F F R ,

O?U F R

MOJ
F >=PJ

] S
*a

F*.E*>>JW?
] ] '

.
S ]

d >=PP=^<N=UHIUOPPH?N=I => *'$ TNIV`PHMN?NOT T?NPP X=PJT e =-S ] ]
+ = . ] S

^XOI >?^>O>IHM?F*%, IOHM

+

=IO WHM?OI
LOU=aOT "O>? F

*'$ 5)6#%4 K 5?OM aHI + 8ONITOM? R
. K f

, , fg ,
+ +

,fh, f
+ / . K f ,

F i +

N=I
R N> VF h H =M

. K HN F F , HN
,

+

Vh
F i

hV/
+ O . K =X ,

F i +

fN\h
,

+

fF/
S> F fNbfh

=?XOM JO>NIN?N=IT HMO W=TTNLPO Y OT j.2* 5&# , IO??OJ #< , %0)&#' fcgck



6=M NIT?HIUO Y

+ i +

+ U=`I?NIV ?XO I`aLOM => 'UL WHM?NUPOT

K WHM?NUPO a`P?NWPNUN?Q RNT 1=? *'$ TH>O

+
?XO NI_HMNHI? aHTT => H =MUT TQT?Oa

NT *'$ TH>O Y

2
S

Z K f , +kfg ? F + +

fI6
j"1 ?XO=MOa TX=`PJ OIT`MO UHIUOPPH?N=I => HPP *' TNIV F NI k2? l
T= ^XQ J= ^O XH_O `IUHIUOPPOJ U=PPNIOHM TNIV F >M=a *5'E

+c ?XO U=IUOW? => WHM?==b m + TOO NT I=? *'$ TH>O

, >HU?d , W
T= # $?O R O_OI N>/H=

+

=?XOM ^HQ => THQNIV N? Y ^O JOaHIJ H WM=?=I NI ?XO HI?N H? + T?H?O F

F 5= >=M *'$ TH>O=LTOM_HLPOT ^O UHI OaWP=Q ( F % F

F 7`? NT (% V=NIV
?= LO MOPNHLPO E /= ^O XH_O ?=

^=MMQ HL=`? i

W=?OI?NHPPQ PHMVO P=VT
E

F *I =MJOM ?= HIT^OM ?XOTO n`OT?N=IT ,
^O XH_O ?= P==b

H? aH?MNm OPOaOI?T NI ?XO T=>? >=Pb IOHM PNaN?T
F



k

;$/ aH?MNm OPOaOI?T

NI?XO

U=PPNIOHM PNaN?
+

+
+

F F +
+

f I

fg

H

%a
] ]

Q SJo
a=

?X=TO #b + M=

N
aO *2

] Q SJP=^ =>> Jp (hF
F

$1
b fk

B f N

?OO I=?O ?XH? >=M 65' $ ?NaOPNbO R

n
] qf+ ?XO =WW=TN?O U=I_OI?N=I NT =>?OI

N

$P +?=Vr`TOJ Y fr + "O?p
F

VFF

F OaNTTN=IT >M=a JN>>OMOI? POVT TNaWPQ >HU?= MNTO

F OaNTTN=IT >M=a
F ?XO THaO POVT VN_O MN?O ?= H

U=I_=P`?N=IHP T?M`U?`MO
,
^XNUX >`PPQ JNHV=IHP N?OT

`W=I 2OPPNI ?MHIT>=Ma F

5.6% + $.""*1#)' "*2*% N

p +sc
g+ i + O *

=M

t FUN=>> uF 6* u
HUT aH?MNm OPOaOI?T NI ?XO a=T? TNIV`PHM T=>? HIJ U=PPNIOHM

PNaN? W=W`PH?O ?XO $
S

*I? ,
*I ?= R WPHIO &1*6.'2 NI?

]

uv,
, F , ,

On`HP HMOHT T= On`HP OaNTTN=I WM=LHLNPN?Q
$ a=MO PH?OM R



F 1.%# Y U=PPNIOHM S

>HU?=M F TH?HI ^MN??OI NI ?OMaT => Tn`HMOJ
aH?MNm OPOaOI?T

,
NO

]

WM=LHLNPN?Q
]

F

%XNT UHI LO TOOI

HT H TOaN + UPHTTNUHP WM=UOTT F

%XNT =LTOM_H?N=I NT

?XO T?HM?NIV W=NI? => 2)'j2)1 )"3.'*%02

bI=^ HT ()'%.1 50.8#'5
+

;$/ + aH?MNm OPOaOI? NI ?XO T=>? PNaN?
+ i + i +

T
+ +

F 8XH? HL=`? ?XO LOXH_N=`M => HT aH?MNm OPOaOI?T NI ?XO

T=>? $ L`? I=? IOUOTTHMNPQ U=PPNIOHM R PNaN?

r
,

H , M? VHT a7# F
fN

V`b *

F Y uf
,

f I n)PPOM b fX

KHR 65' $ L R *5'

F N?ST `TO>`P ?= PHLOP HPP
]

XHMJ
] 2=aOI?H HT fN , NT? , I

KHR 65'

K X? * R + $IP

2NZ #MUbR N_F $HNP 3NV, >? NPXf 2
F

K XO +kf N? \ NT

jHTHN + $I R

w #U^ N? UHN= 2 Z

% gj F HN i ?N #



Z #MNU

btdtF

N UH >HNM S \gfNIx ?HM?
]

`
Z= >=M /NMHU On`H?N=I

#QUb R

yfNI
Z

3HVVN
,

N? $HNP ?HM?
] S

F

* ?

z O #*j/1)"

)(('.@*2)%*.1

F I=?O ?XH? ?XO TONI JOWOIJOIUO >`PPQ >HU?=MNOT ,
^XNPO

?XO U=P=`M aH?MNm MOaHNIT ?MHWWOJ K a`UX OHTNOM NI ;#/

C24] STfNn`UH, ?HM? ] S

+ frF b \
NT

HLT?MHU? I=?H?N=I *

X??
Z V T fVNt{

S

*N*IV
F |$H?HINH

)>HLIN
U=P=`M =WOMH?=MT

Y

>H? LN ,

H 2HMUXOTN IN r?=
HH?HIN

, 5OQa=`MxJ+ Oa=

* $XNPP X?? S? Zn}V jNPI+kk~k
]

5> NI

W=? F



F

F
N?ST I=? JN>>NU`P? ?= TOO%XH? HPP *I?P*I?P _HINTX

NI ?XO T=>? PNaN? LOUH`TO ?XO T`a =_OM ?XO

VP`=I W=PHMNTH?N=I T VN_O IVh=nFaV d Z c

F =IPQ NI?OM>OMOIUO ?OMaTT_M1OTVyFUI?NPI?P?Tb?HTNfh�!FN!>UnFI

>aP 6N

Y{
YaN

] T`a O_OM JNW=PO
]

>=Ma`PH
%NH oh

F ^O XH_O HUXNO_OJ T=aO T=M? => >HU?=M F TH?NI , L`? N? ST

2`UX a=MO U=aWPNUH?OJ ?XHI NI ?XO U=PPNIOHM UHTO
F

O U=P=`M U=ITOM_H?N=I #d %6d *aV Z . HPP=^T `T ?=

TNaWPN>Q?XNIVT NI UOM?HNI UHTOT

OV I +

+ g *% \

*%
Z =

,
NO 0%%F Z + *% + 6N Z +�3Z

*I + +>O^ %Nb Z + $#
F

"

#@#'$*5# /NHV=IHP NI ?XO U=P=`M HPVOLMH >=M I Z�

%O
,

=M

F

S *
F



F *I '#/
,
N?ST H ?Om?L==b OmOMUNTO K TOO V 8ONILOMV R

?= TX=^ ?XH? T=>? WX=?=I OaNTTN=IT >HU?=M XO HIJ

OmW=IOI?NHP F

O NI H $L ?XNIVT HMO U=aWPNUH?OJ LQ U=P=`M $ HT ^OS_O

TOOI R L`? HPT= LQ I=I+)LOPNHI TWPN??NIVT F

F
1ON?XOM ?XO POTT

,
I=I F )LOPNHI OmW=IOI?NH?N=I $ NI H 2H?MNm *

=WOMH?=M >=Ma R UHI LO HUXNO_OJ F

+ 7OUH`TO => ?XOTO U=aWPNUH?N=IT ,
NI ?XO MOaHNINIV WHM?

=>
+ ?XOTO POU?`MOT ,

^OSPP a=T?PQ ^=Mb NI ?XO U=PPNIOHM

PNaN? HIJ =IPQ U=aaOI? HL=`? ?XO PHMVO HIVPO
T=>? ^XOI IOUOTTHMQ F

F 0=^O_OM
,
?XO >`I NT WMOUNTOPQ ?XOMO Y NT T=aO?XNIV

UHI V= ^M=IV ,
N? J=OT T= NI ?XO T=>? PNaN?

8XOMO HPP T=M? => NI?OMOT?NIV O>>OU?T XHWWOI

6)$%.'*T )?P .1 7'#)j*13 , 1O^
+ 3".7)" ".35

,

$/0 #1#1&* <*.")%*.1 HIO HPP 5.6% #66#$%5

)% ?XO

6.'#6'.1%

=> .MUT '#5#)'$0 F



%')15<#'5# 2.2#1%&2O? %0# g+ L=T=I
+

+
F F

+

F 1O^
,

* S_O LOOI WM=aNTNIV Q=` HI HU?`HP JN>>OMOI?NHP
=LTOM_HLPO

F

F XO? ST
V=
LHUb ?= =`M LQ WM=UOTT F ^O ^=`PJ PNbO HI

=`? =LTOM_HLPO ^N?X ?XO >=PP=^NIV
B *

���aQF

F
>OH?`MOT

* >}
H R ] JOHI

]

PO OHTQ ?= aOHT`MO

b
Q

*I_=P_NIV =IPQ QO?N TQT?Oa

LR HLPO ?= WM=_O =MUT

JQIHaNUT

UR *'$ 5)6#

"O?ST U=ITNJOM HI =I + TXOPP B Y V
S

Z 2#
F

"HL
F >MHaO Y

f Z $ 2? =X Q ,
f

, , ,FVV, 2? 5XQ R r

2NaN=> Z $2*? o*UX S

Q +nN+ K 2#?VN>R5?NV Z 2# M
F

HR 'HWNJPQ => ?XO B L=T=I Q Z * *I

V=FVT

NJ ?MHIT OMTO a=aOI?`a => ?XO B L=T=I

f%
F



8O V= >=M

hH
,

Z ?HNP +
+ %H?HMQ

+

+

F )? .3 Y R NI U=PPNIOHM >HU?F ?XO
NIU=aNIV n`HMb

HMO JNMOU?OJ HP=IV ?XO LOHa K ?XO ]
?

] JNMOU?N=I R

+

u
+

+
,

W, \ # Z f a=aOI?`a U=ITOM_H?N=I JNU?H?OT H? Z/

$ NMMOTWOU?N_OPQ => ?XO WHM ?=INU U=a >MHaOR

F %X`T
,
H 2OHT`MO O> f , JNMOU?PQ WM=LOT HUOT MHJNH?N=I

NI @ M L R

F 8O UHI MOU=I?HU? =b >M=a Wad WN M H R

O *T ~ *'$ 5)6# E

=>> Z t
,

]

b *
] IOHM S I ?XO aOaOI?=T =Hb , IOHM

TH>O

[
N> j** V=OT T=>? ,

N? VN_OT H

_HINTXNIV
U=I?MNL`?N=I ?= ?XO T`a F

4#5 � V



F *I =MJOM ?= U=aW`?O ?XO f ,
+ JNT?MNL`?N=I H? JHJ

,

>=M f , � =
,
^O =IPQ IOOJ ?= U=ITNJOM ?^= WM=UOTTOT

ttYKWP`T UM=TTOJ R

^XNPO
VQa

U=I?MNL`?O HT

�~F

8XH? NT ?XO aOHT`MOaOI? >`IU?N=I NI ?XNT UHTO E

.
S S S S

PNOY R Z JH?Hr?NOYR$ NIJOOJ .
S S S

+ O.U =
Z �$ NI T=>?LHPP PNaN? x

+ %XO WHM?=I /* JNT?MNL`?N=IT UHI LO =L?HNIOJ
J=P?

LQ NI?OVMH?NIV
F *aH * SJ

]

%=N?NY R 9

PaHLP S J`U? + #N R

F 8O HMO NI?OMOT?OJ NI ?XONM n
+ O = PNaN? F %XO LOXH_N=`M

NT JN>>OMOI? NI ?XO ?^= UHTOT Y

YFu>YtmtNtutq#tttF lo + UHI LO
B i

Z * + �bV " * + * aHJO a=MO

WMOUNTO



* F 5MN

IMOFOToJ9>*?=UHN

F =^
H

* +

cf!yc,g
)$# => p

I T= tF dH$H R
~

SWOVT,
FM=?H?Y S ]

HY
JHJ ?= T=>? HIJJ=`LPO + P=VHMN?XaNU LOXH_N=`M

U=PPNIOHM LOXH_N=`M F

F %XO $/ U=I?MNL`?N=I VN_OT =IPQ TNIVPO + P=VT F

F

F %XO =`MT R U=I?MNL`?N=I XHT ?XO >=PP=^NIV T?M`U?`MO

K NI 1 + TWHUO >=M U=I_OINOIUO R >=M n
S

+ M= Y

HT VFJ Ua=I
, HN R Z * t > HF *I ~F

\

L?^
R ?

J=>> g%

HOI, V * \ =^
�

_HINTXOT >=M f� + #/
F

F %X`T *'$ TH>O =LTOM_HLPOT UHI LO U=aW`?OJ NI (% L`?

*'$ TNIV`PHMN?Q UHIUOPPH?N=I POH_OT LOXNIJ P=VT => ?XO
=LTOM_HLPO

F

F %XO TN?`H?N=I WOMTNT?T H? XNVXOM =MJOMT Y



tJttUI

F HN ,=NN~t=tF

HIX
] ]

\ t F

LMHNI
]

tF

k+ = O =

F T= NI ?XO MOVN=I f%X j=N , O_OI N> fyk

HT
]

*I ] + S

VHW I * , NI_HPNJH?NIV ?XO WOM?F OmWHITN=I

=>
H

+ +

?XO NI?JH? OVMHP NT >NIN?O

=UnM R
$ LOUH`TO O>UJUnh R RkuY ] N?TYYNY ] ]

F 8O IOOJ %= MO +

=MVHINTO ?XO OH? F OmWHITN=I TO??H?

^O UHI HUU=`I? >=M PHMVO P=VT ?= HPP + =MJOMT Y '=TT= 2NI?=I

F ?XO IO^ OmWHITN=I ^NPP LO NI W=^OMT =>
HT

,
H? >NmOJ HT

] *I ] ]

fu



F "O?ST TbO?UX ?XO MO T`aaH?N=I $ LOH`?N>`P kf!f WHWOM LQ

(HMNTN HIJ (O?M=IN= R
F

F 8O U=ITNJOM ?XO OaNTTN=I => I + U=PPNIOHM VP`=IT $/3")(

O_=P`?N=I ^NPP VN_O `T U=PPNIOHM n`HMb ,
HT ^OPP HT U=I?MNL`?N=I

KLR F

t Y9NI
F NHT? NId d IN u N> Jt

>JpN>JH
g%

mTUI^UbNN S

e

(HININ
S

>=M
S%HNPFNIN?

F =>Yv
'#)" <*'%&)

IOOJOJ ?=
C $ * + ?N + jH?N R>`PPQ UHW?`MO TNIVPOP=WT

F O_OMQ?XNIV NT >HU?=M , TOJ L`? ?XO aOHT`MOaOI? >`IU?N=I F

0=^O_OM ^O UHI `TO

JH?OY \ }
F
F

]

INTN , Z >=ML
] ON

,

]ONLN

Z tF >=?LON
~
OmW v > JNO?

S mNaUbFN= J=

#F
>OP? d

(HH3=POI
+ S ONLE XNY N> C HF e bVR

Z >=P
S � ON f

OmW | + ' $LT x ^N?X L +
F
k�k



')/*)%.'
F ' XHT _HMN=`T IHaOT Y

MOT`aOT #@(.1#1%�
5=I` 6HU?=M5&//#1 *

N? MOHaT PHMVO P=VT F

F 8O UHI O_HP`H?O N? ?= O VN_OI POV + HUU`MHUQ
Y 1""

ckg

M NNNF * JtttH=>y]\ H> NI YtF
�

S

>M=a $28

L+ Z $ LOT?
\ 7

]

\ g 6HH $1 R x
) ] S

U`TW HI=aHP=`T JNaOITN=I

) ] S
Z 3+ { M $)

7 ] S
NT MOPH?OJ ?= ?XO OIJ + W=NI? => ?XO n`HMb v
VP`=I TWPN??NIV >`IU?N=I F

#VV UHI LO `TOJ ?= /3")( O_=P_O ?XO (/6T >M=a

� ST cg ?= �
S

Z K
S

L+ R
]

F %XO NI?OVMHPT =_OM ?XO M F U F TX=_OJ LO WOM>=MaOJ ?=

?XO MOn`NMOJ HUU`MHUQ $ NI =`M UHMO ^N?X >= '>N R

' $L R Z "V

{$HTX
R ? 3,$)" R ?O F

" Z
kF I k�yg R

z kcf� + P H? HMO aHWWOJ NI?=

P=VT => *



F %XO >NIHP $XHJM=I + PO_OP MO`IN?OJ >=Ma`PH P==bT PNbO

{ 6Hd yc�f�NI /Z } d
]

JHd SJ
FI=v?J1LL+D=$L ~R

8HQIO
�

K H , j5 , ; ,
L r J= R

>HPTO F
,
�g R > TUHM , �

] R

^N?X
U=PPNIOHM >`IU?N=IT

8HT?OT Z 9 >NJOd
]

J?MUFJp , r HT $
S
*LH R R $OLPppr HT $

SXHJ
XHIJ >`IU?N=I

O

, 'H K H , L r/
fk{kcc 0H UHUH= R

+

}
,

5`JXHbHM

� �

V
��

�6F� IO?OF� N
� �

F ?XO NI?OVMHP O_OM L NT I=? ^OPP + JO>NIOJ $ "HIJH` W=PO R
F NI HIQ UHTO ?XO MOVN=I => _OMQ PHIO L $ => 1 )HH R
^NPP LO TOITN?N_O ?= 1=^ + (#1% U=MMOU?N=IT F

F LO UHMO>`P Y Om?OITN=I ?= VV + W0 1=? ?MN_NHP d



6*@#5 .'/#'
'#5.22)%".1K MOPH?N_O ?= 7=MI R $P=VT => LR

)T XO )TX "I ] ""

HT
S 8X= R HT

] "I )""

mW 11". fa" ] 1&""

\
Y Y

F

HUU`MH?O ^XOI HUU`MH?O ^XOI

HNI=, >HNPT $ INO o j=M
S

, >HNPT ^XOI VNI= S

^XOIf�yck + HT

7#5% 3 7.%0 8.'"/ Y 2)%)%*13

J= 2%) S

,

JV11"c

J=V ,
?

=>>
1B ,

e
+

e
+

JHT^b`I?IV

S MOT`aWNH?P=I 6NmOJ + =MJOM=>>
H , N

#H? S , MOVN=I r MOVN=I
N * '#5<22)%*.1 D&5%

� *
, * S

I=I + * S/ 5$')%$0#5 %0#

OVV
F

[
T=IH?H HT

F

S

F 7&% *% 2)j#5 )
+

?=S

,
?== f� 2)'j d 3F 5%#'2)1

d K >O^ $% !gccs

F ?XO =`?T?HIJNIV WMOUNTN=I O>?b JH?O MOHPPQ W`TXOJ
?XO ?XO=MQ U=aa`IN?Q ?= MOHUX 11/?1�"[

F


