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‘ Overview |

$ Introduction
- why Z at high pr?
- why weak corrections?
- basic set-up

® (O(a) weak corrections
- structure and properties
- renormalization
- LHC predictions
® [ogarithmic approximation
- definition
- 1-loop and 2-loop NLL results
- comparison of 1-loop NLL with the full result
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‘ Introduction |

® 7 +1jetsignal at the LHC: large cross section

® probe of the partonic content of the colliding hadrons:
at values of pr considered here (pr 2 100 GeV) production
dominated by the gluonic contribution — gluon’s pdfs
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‘ Introduction |

® 7 +1 jetsignal at the LHC: large cross section

® probe of the partonic content of the colliding hadrons:
at values of pr considered here (pr 2 100 GeV) production
dominated by the gluonic contribution — gluon’s pdfs

DISCLAIMER: QCD corrections will not be considered here

Weak corrections expected small...

... but not everywhere
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‘ Introduction |

A

O(a?) oY In*Y (MLQ) leading
%

Logarithmic corrections

Typically, at v/5 ~ 1 TeV, one-loop corrections of tens of percent

[Accomando, Denner, Pozzorini’02] [Hollik, Meier'04]
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O(a) : oY In?N <ML2) leading
W

Logarithmic corrections

Typically, at v/5 ~ 1 TeV, one-loop corrections of tens of percent

[Accomando, Denner, Pozzorini’02] [Hollik, Meier'04]

— Much activity in recent years [Fadin, Lipatov, Martin, Melles, M. Ciafaloni, P. Ciafaloni, Comelli, Kiihn,

Penin, Smirnov, Beenakker, Werthenbach, Denner, Pozzorini, Moch, Feucht, Janzen, Maina, Moretti, Ross,...]
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O(a) : oY In?N (MLQ) leading
W

Logarithmic corrections

Typically, at v/5 ~ 1 TeV, one-loop corrections of tens of percent

[Accomando, Denner, Pozzorini’02] [Hollik, Meier'04]

— Much activity in recent years [Fadin, Lipatov, Martin, Melles, M. Ciafaloni, P. Ciafaloni, Comelli, Kiihn,

Penin, Smirnov, Beenakker, Werthenbach, Denner, Pozzorini, Moch, Feucht, Janzen, Maina, Moretti, Ross,...]
Origin: soft/collinear emission of virtual massive gauge bosons (W, Z) off
initial and final states

® Real radiation possible to observe =—- no compensation of virtual
emission by real radiation

® Finite logarithmic corrections

—different from massless gauge theories such as QCD or QED
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‘ Introduction |

dohih2 /1 1 ds"I
—_— = diEl/ d$20$1m2_%min fh )2 IE1,H2 fh yJ :EZ?/'L2
dp Z,: . . ( ) Fhy i )Fha,j( )de
with  #min = (pr + m7)?/s mr = \/p% + M3

dé*d PT
dpr 8mN;; 3|t — 1

S i

Partonic subprocesses: gqg—Zg, qq—Zg, 9q—Zq, 9q—72q, q9—74q, qg—23q
related by crossing symmetries =—> enough to consider gg—Zg

= . t2 + 42 + 25M?2
LO: Y [MI2 =8rlaa (N2 —1) Y (IZ)*Ho Ho = . Z
A=L,R

A

tu

v 1
= jeyH Z wAI;/Aq;\ WR/L = 5(1 +75)
A=R,L

Only weak corrections considered here, i.e. no electromagnetic corrections
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O(«) corrections to gg—Z g
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O(«) corrections to gg—Z g

A {000000
Vﬂu Vﬁ
— 2000000, —»—1 E ;;;j E:ii:::

(s1) (s2)

T
T AT

(b1) (b2)

All dependence on flavour and chirality of incoming quarks organized in two coupling factors:

“abelian” [ZIWHE WT — qWE w2 (diagrams s1, s2, v1, v2)
“non-abelian” #sWiW:FZIWiIWqE = SCVY/V T3 (diagrams v5, v6, b3)
mixed IWEIZWTF _ pzpwE pwF _ w3 (diagrams v3, v4, b1, b2)

SW
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O(«) corrections to gg—Z g

e Passarino-Veltman tensor reduction
e Sum over gauge boson polarization states

S |mIa2 8rlaas(N2 1) x > {(I£)2HO

A=R,L

a 2 ¥
v 2(2) T (1Y), mhod)+ ST 7 Y o)
2m V=7 W= A

14 .
A N A/N independent of
IN(M7)=Re | D KN (M) (7)) | .
ey, flavour and chirality
A N A N
/ (M7) = N (s, @, My)
Jo (M2)—1 JQ(M‘%)...J6(M‘2/):BQ(...) J12(M‘2/)...J14(M‘2/):

Ji(MZ) = Ag(M2) Jr(MZ) ... Jii(M32) = Col...) box integrals
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O(«) corrections to gg—Z g

A/N(

Compact analytical expressions for K M‘Q/), of an average size of (for example):

KEME) = (M3 —s—bia+i?]

[2(§4 + 453 4 6125 — 2L(M 7y + tMZ — 2t%)5 + (M2 — £)*E*) My, +

2(5 4+ 1)(—28LM 75 + 25* + i* + 5583 + 9521 + 783H) M2 +
(5 4 )4(282 + 283 + t2)] (M3 +EM2 — 282)3 + (M2 — D)282)ME +
2(8 + t)(—28tM7 + 25* + t* + 5513 4 958282 + 7530) M2 +
£)4(25% + 285 + t2)]

(8 +
KN (M2) = [Mz—s—tt]_l
(M%z —8)Mz, +i(—MZ + 5 +1))

(2M7, +2(M2 + 8) M2, + 5% + 2% + 25t — M2 (5 +2£))]
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O(«) corrections to gg—Z g

e Ag , By integrals UV-divergent — renormalization

Counterterm diagrams:
(c1) (c2) (c3) (c4)
(c5) (<6)

Contributionfromcl+c2+c3+c4=0

STIMIPR2SSIMIPR 4 8r2aag(N2 1) 3 { (Ig) HosCA + 25713 17 HoCN
A=R,L Sw
1 cw de? 1 5CW2>
sCA = §Z ~ (62 57 —
dx gx T 5 ( zzZ + oy (LAZ + 2 T 52 o
1 1 5CW2
s = — 85747 + .
£ 2SWCW AZ SW2 CW2

— cancellation of UV-poles in Y| M$9|?
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O(«) corrections to gg—Z g

e “Fake” IR singularities in box diagrams:
massless quark lines —> after tensor reduction IR-divergent box and vertex integrals

Cancellations between Dg and Cj integrals in the IR limit = finite result
[Dittmaier'03]

Ji2(M32) ... Jia(MZ3) given in terms of finite combinations of Iy and Cy functions, e.g.

Jia(MZ) = Dg(0,0, M2,0,,5 MZ,0,0,0) — D58
= Do(0,0,MZ%,0,t,5 MZ,0,)%,0)
tCo(£,0,0; M2,)2,0) + (8 — M2)Co (8, M2,0;0,0,)2)
st+ (t+a)M2

X - small numerical regulator, Miz > 1
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O(a) corrections to pp—~Z + 1 jet at the LHC

0.05 T T T

-0.05 -

-0.15 -

NLO/LO -1

-0.2 +

-0.25 -

-0.35 -

04 1 1 1
0 500 1000 1500 2000

pr [GeV]

MS scheme, Mz=91.19 GeV, a(M;)=1/127.9, sy 2 = 0.231, u = My, My = cw Mg,
m¢ = 175 GeV, my = 130 GeV, LO MRST2001 pdf's , as (M) = 0.13
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‘ Logarithmic approximation I

Phys. Lett. B 609 (2005) 277
High energy region: |#| > M2, ~ M2 for 3, t, 4

Corrections due to Z — W ratio not considered

2

Corrections of O (AfTV'V> not considered

Only transverse polarization of Z
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High energy region: |#| > M2, ~ M2 for 3, t, 4

Corrections due to Z — W ratio not considered
2

Corrections of O (AfTV'V> not considered

© o o @

Only transverse polarization of Z

— Calculations based on results available in the literature:

1- loop

proof that soft/collinear singularities from virtual weak boson emission factorize and are
universal [Denner, Pozzorini’01]

2- loop

general (process-independent) result obtained with eikonal approximation (LL) and from

resummation (NLL) [Denner, Melles, Pozzorini’03], [Melles'02,03]
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‘ Logarithmic approximation: 1-loop and 2-loop NLLI

ST = 8r%aau(NE — 1)Ho [4@ + () A1)+ (274
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‘ Logarithmic approximation: 1-loop and 2-loop NLLI

ST = 8r%aau(NE — 1)Ho [4@ + () A1)+ (274

AO = N~ (1Z)?

A=L,R
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‘ Logarithmic approximation: 1-loop and 2-loop NLLI

ST = sr2aa (V2 - 1Ho [4® 4 () 40+ (1))

27

AO = N~ (1Z)?

A=L,R

1) Z Z 2 CW 3 2 2 2
AL = M 12 []chgy (L5 —3L;) + sWBTqA (LE + L% —Lg)}
A=L,R
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‘ Logarithmic approximation: 1-loop and 2-loop NLLI

ST = 8r%aau(NE — 1)Ho [4@ + () A1)+ (274

AO = N~ (1Z)?

A=L,R

1) Z Z 2 CW 3 2 2 2
AL = M 12 []chgy (L5 —3L;) + 3W3T‘M (LE + L% —Lg)}
A=L,R

17 cev (L — 6L3)

1 c
2 o Z ~ew W 3
AR = Z {5 ( qxcq,\ + 3TQ>\>

N Sy ax ~gx
ot (st <R (vt )
o[ (2 () s )+ S )
O5y = Y3 Uew?) + Oy fsw? b= —41/(6ew?) by =19/(6sw”)
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‘ Logarithmic approximation: 1-loop and 2-loop NLLI

_____ 1-loop, LL+NLL

0.20 - === 2-loop, LL
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% - Mz=91.19 GeV, a(Mz)=1/127.9,
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= oz LO MRST2001 pdf's , as(My) = 0.13
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Ao (pF*) /oo (pT")

‘ Logarithmic approximation: 1-loop and 2-loop NLLI

040 = —— (142)-loop, LL+NLL . - t
o oo b Integrated cross section Ao (p3'*) vs.
0.30 - i
----- 2-loop, LL+NLL L. Ao 1
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‘Logarithmic approximation: 1-loop full vs. NLL resuItI
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pdf's, as(Mz) = 0.13
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‘ Conclusions |

Analytic result for the full 1-loop O(«) weak correction
(literature: only numerical) [vaina, Moretti, Ross'04]

NLL approximation: 1-loop and 2-loop corrections
Results explicitly applicable for the case of polarized quarks

Negative 1-loop correction of the order of tens of percent at high pr,
pr > 300 GeV

Positive 2-loop NLL correction of the order of several percent at high
Pt
Full 1-loop result approximated very well by the NLL

Same study for the Tevatron: corrections not significant numerically
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‘ Extras: Logarithmic approximation: 1-loop and 2-loop NLL, Tevatron I
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‘ Extras: Logarithmic approximation: 1-loop and 2-loop NLL, Tevatron I
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Extras: O(ag) QCD corrections to pr of Z at the LHC
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