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Introduction

Deep-Inelastic Scattering

Define: Q*=—¢*=—(k—K)?
Q? _P-q
B 9p g =Pk
Factorized d’c  4wa?® [1 + (1 —y)? . 1—y )
. — FT(xBaQ )+ fL(xBaQ )
cross section drpdy  Q? 2y Y

universal PDF

N\
with structure ) Ydo rxp o\ o [ QP 5
N hard scattering part
A
(up to power corrections 1/Q?) - Los Alamos
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Introduction

1 . 2
Flan@) =3 [ () (x %,asm)
foorB

i _ a0, s(s®) z(l) 2

T R

Altarelli et al. *79; Furmanski, Petronzio "82;
de Florian et al. " 13

CO(z) = Cr [(1 v (2) i, (5 T)sa-a]

spoils perturbative /
convergence for = — 1
even if o, <1

large corrections for =z — 1

MS scheme

A dz h(z) [g(: >1+_'/0 dz [h(z) — h(1)] g(2) .'Los Alamos
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Introduction

Threshold Logarithms

1n7l 1 _
kth order: a§ ( 1( w)) , withn<2k-1

* Partonic threshold = — 1 :soft gluon radiation from the LO process "¢ — ¢
* Origin: suppression of real gluon emission while virtual corrections are allowed

* Logarithms may spoil perturbative series, unless taken into account to all orders

—>»  Threshold resummation

2,
Sterman "81; Catani, Trentadue "89 > Los Alamos
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Introduction

Mellin Transform Space

e Structure function

F(@Q) = / depap” Fi(es, Q°)

- (/01 de 2N ~1C} (2, Q2/u?, as(u2))) (/01 dyy™ £ (y, uz))

* Threshold logarithms

ln%_l(l — ) _
k k1. 2k . .
%s ( 1— - a; TN large logarithms in IV
_|_
. _ 3. - 9 7z

LN —o0n 12 N +SInN - 2 —

Cq Cp [n + 9 2 6
Sterman "81; Catani, Trentadue "89 » Los Alamos
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Introduction

Resummed result

Resummation relies on factorization of

* QCD matrix elements for n-gluon emission in the soft limit
* phase space in Mellin space

in Mellin space: exponentiation of eikonal diagrams

Corres(Q*/1?, (1)) = e3Hy (Q° /1, s (?)) AT (Q% /12, 0s(1®)) T3 (Q% /1%, (1))

g,res

1 N (1-z)°Q 2
—1
where log AN = /0 dz® / KL A (o (K2))

1 N _q (1-2)Q* jp.2 1
og sy = [ e [ G Aa) +5Bian@- 000

calculable perturbatively
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Introduction

Accuracy of Resummation

VICHE Cin X @ In™ N, where n < 2k
Fixed Order
LO 1
NLO ozSL2 oL g
NNLO o L* o2 L° o’ L? oL o’
NkLO akLQk akL2k—1 akL2k—2 Osz2k_3 OékL2k_4
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Accuracy of Resummation
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Introduction

Matching and Minimal Prescription

* Matching procedure (avoiding double counting)

do_match _ (do_resum — dgresum ) + dO‘NLO

O(as)

¢ |nverse Transformation 3(N)

aN

Cx omi

Fires(z5, Q%) = 25" Coms( @ /1%, as(W)) N2 s

Choosing the contour to the left of the Landau pole

Catani, Mangano, Nason, Trentadue “96

» Los Alamos

NATIONAL LABORATORY
EST.1943




Introduction

* Soft Collinear Effective Theory

* Detailed studies comparing EFT and traditional treatment Manohar 03

e Threshold resummation in momentum space Becher, Neubert “06
Almeida, Ellis, Lee, Sterman, Sung, Walsh " 14

* So far, threshold resummation using SCET has not been - . -
Bonvini, Forte, Ridolfi, Rottoli " |4

applied to the polarized case

* Resummed polarized PDFs

e Similar to the unpolarized case Sterman,Vogelsang *00
* Reduced scale dependence Accardi, Anderle, FR " 14

Bonvini, Marzani, Rojo, Rottoli, Ubiali,Ball,
Bertone, Carrazza, Hartland "1 5

/A
s IRAIamos

NATIONAL LABORATORY
EST.1943




lepton-proton

Qutline

® |epton-proton scattering
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Polarized DIS

Anderle, FR,Vogelsang " | 3

2
Spin asymmetry Ai(z, Q%) ~ 2((‘;’ 82))

e Same resummed exponent for g1(z, Q°), Fi(z, Q%)

Coma(@Q% /12, 0s (1)) = €2H, (Q%/1?, s (1)) AN (Q? /12, as(12)) TN (Q% /142, s (1))

e Convolution with different PDFs
* Matching is different

earlier applications to g{(z, Q) and the moments of ¢1(z, Q?)
Eynck, Moch "00 Osipenko, Simula, Melnitchouk "05
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lepton-proton

Inclusive DIS asymmetries A;

1.0 llllll| T T T T 111 T T T T TT1 ! I ""'I I 1 ! LI |
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lepton-proton

Inclusive neutron DIS asymmetries A;

sigh change at fairly
large values of x

(g 1 /Fl )neutron

neutron target

using MRST’02/DSSV PDFs and DSS FFs

0.6 | I I I I | I | LI L | LR trrrprrerperet
i | | R R
- Resummed -
. NLO _
04— ¢  Hall-A data |
0.2 — —
0.0 —
| l 1 l | 1 | 1 | | L1 1 1 | .. | Ll | Ll | Ll | Ll
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X
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lepton-proton

Polarized SIDIS

—

Longitudinal double-spin asymmetry /(k)p(P) — ((k")h(Pp,)X

Structure functions: 2F1h(x, 2, QQ) = fqhv(x, Z, QQ)

&3>
N>
|2
Q
w
=
=
N—

gl (2.2,Q?) fo d*“/ Cap(5) D (52) acys (2.2

FHf!
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lepton-proton

Polarized SIDIS

NLO large terms near the partonic threshold 2z, 2 — 1

ACY (&,2) ~ ech[zau—:z) (m?_—z)) +26(1 - 3) (ln(l“f’)) o2 2 —86(1—:?:)6(1—2)]
- + +

Double Mellin moments /

1 1
§§‘(N,M,Q2)E/ drz™N— / dzzM—1 gh(z, 2, Q?)
0 0 _

C.\V (N, M) ~ e2CF

2 _ —\2
—8—|—?—|—(lnN+lnM) ]

Resummation

k2

N M

ACS (N, M, 0,(Q%)) = €2 Hyg (5(Q?)) exp [2 / Q KL A, (s(k2)) In (‘]"_L NM)]
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Polarized SIDIS A}
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lepton-proton

High p, hadron production at COMPASS

kinematics such that effectively uN — ©'h X becomes YN — hX  de Florian, Pfeuffer, Schdfer, Vogelsang | 4
directly sensitive to Ag because of direct LO ~g — ¢q Uebler, Schdfer, Vogelsang "1 5

direct and resolved contributions at NLL
kinematics z7 = 2pr/v/s > 0.2

pido
dprdn

L g AN | oe n ons v
= Z/ dzl‘ / dm‘nAf'}'/i' (xtaﬂfi) Afb/.-\" (xns/-l'fi) f(, _(x2) N Dﬁ’)tm(ﬂff)szi? reX (77)
e Jo 0

# /

~

8

1 ~ ~ .’\'. - l A4 2 ~ ~
_ . S4 S84 T7p2° 8dAGyysex
where AT L () =2] a2 (1- . .
vh—reX (77) 0 F 8 dv dw
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lepton-proton

pt +d—=pt +hT +X
10 E I I],O r /212 1]111"'1TEI
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W boson

Heavy Gauge Boson Production

+
* Threshold resummed results for A}

« Single-spin asymmetries pp — WX

dAo

* for the rapidity dependent cross section an W, Z

Mukherjee,Vogelsang *06 » Los Alamos

NATIONAL LABORATORY
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Heavy Gauge Boson Production
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W boson

Heavy Gauge Boson Production

. T
e New analytical results at NLO AW

Single-spin asymmetries including the decay (=)
p
pp WX = £07X Wz <
Ve
D
® StI‘UCtUI‘e 1 —v = ﬁ e_ﬁ VW = ﬁ €+ﬁ
Vs Vs

d&NL(z (g fro(v) A In(1 — w) + B(v) 1
dvdw 27 | (s — M3,)% +T2M2, l—w ), (1—w)s

+C(v)5(1 — w)]

FR,Vogelsang " 15 » Los Alamos

NATIONAL LABORATORY
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W boson

Heavy Gauge Boson Production

. T
e New analytical results at NLO AW

Single-spin asymmetries including the decay

op— WEX 5 X

¢ ¢
e Structure 1 — oy = PT - vw — PT o+
NG NG

dg™0 (g fro(v) In(1 — w) 1
— > — |A + B(v)
dvdw 2w | (s — M3,)? +T2M3, l—w /,

+C(v)5(1 — w)]

M, +T2M3Z,

In ((ws—Mgv)2+F2M5V>
(ws — M3,)% +T2M3, Tt }

+... +

FR,Vogelsang " 15 » Los Alamos
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* Analytical results help to understand the structure around p% ~ My /2
<«<—> interplay with resummation

10 I 1 1 1 I I I I 1 1 1 I I I 1 1
! I |

------ LO A RHIC,

n|<1

do/dpy (pb/GeV)

L ] T I T T I T I T I T T l T | 7

1 | 1 I 1 | 1 1 I | 1 1 1 I 1 | 1 | I | 1 |

-

—
- -
-
_—— -
————

> Los Alamos
NATIONAL LABORATORY
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* Analytical results help to understand the structure around p% ~ My /2
<«<—> interplay with resummation

* Polarized results used for global analysis of polarized PDFs

1-0 I I I I l I 1 1 1 ] 1 1 1 I l I I I I

AW - [ STAR W O PHENKX e~ 5

- ® STARW™ @ PHENKX e* e

DSSV14
M s BBS NNPDF .

» Los Alamos
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Conclusions
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® Proton-proton collisions
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proton-proton

Inclusive hadron and jet production

Rapidity integrated results at NLL de Florian,Vogelsang "05, de Florian,Vogelsang, Wagner "07,
de Florian,Wagner " 10

Ac(N) = Z Afo(N +1,1%) Afy(N + 1, 4*) Dpse(2N + 3, %) Abap—cx (N)

ab.c
1 7+ ad A Aéd 22
~ — A9 A9 N-1 A .'L'TS d o'ab_;cx (xr_[v 77)
Abap—cx(N) = / dZ7 (331) / di] ~2 I~ :
0 i 2 dz5.di
A" pp - 7'+ X '
[ L e I
0.100 |- -
Vs=62.4 Gev L

0.075 - 2 Preliminary -
O PHENIX ”
0.050 | GRSV Std
0.025 | ===
0.000 -

§ L Solid NLL
i L fDSS Dashes NLO ]
~0.025 - e T

1 2 3 4 5 6

pp(Gev) > Los Alamos
NATIONAL LABORATORY
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proton-proton

Inclusive hadron production

Hinderer, FR, Sterman,Vogelsang ’[ 5,
Hinderer, FR, Sterman,Vogelsang in preparation

Taking into account the rapidity dependence at NNLL

ZIA34 2’2 §da-a c
Z/ / dmb/ dz. T fa(xaaluF)fb(mb /’LF)D?(ZC7/’LF) dUZTUX

dedﬁ
_ d d dN N Dh 2N—+3 ~2N
Z Zo | dxpfa(@a, kr) fo(zn, pr) X 27m( D)D) () @ (v)
a,b,c
de Florian, Pfeuffer, Schdfer,Vogelsang '1 4
1 N_1 A4 a7A
Where (IJN(’U) _ 2/ d874 (1 B 874) 1 L SdO'ab—>cX ﬁ)
0o 9 5 Sv  dvdw - Los Alamos

NATIONAL LABORATORY
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proton-proton

Threshold Resummation at NNLL

Refactorization near threshold

recoiling jet (cf. DIS)

observed hadron \

dofes = AN AT AN et x Tr {HS15S}

soft function

abcd=q,q,9g

hard function

as DY but 0 dependent

A
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proton-proton

Soft Matrix

99" — qq'
st - ~%F (m@ Inw)? —2¢(2)) 8O, +Crin(t—v)u( "
wow = — (In(—v)+nv~2¢()) 9, +Cr ¢4 0
(5000000 0)
00— 90 050000 0 0
000000 0 O
. 000002 0 0
1 . A 2 0
Ss(’g)_)gg = - ([ln(l—'v)+ln'v] —2((2))55(,9)_,99 +3In(1 —v)Inv 0000 44 8 0
0002440 6
000080 20 12
\0 00006 12 36)

» Los Alamos
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proton-proton

I 1 | 1 |l |l || || 1 1 | | | I I | | |} I I 1 |
108 N*LO, k=0,...,5 B
i 71 integrated 1
N\ Vs = 40 GeV
~— > 103 |
N, N>
25 . "
N————
3| s ) i ]
= 10 ]
—| &
a i -
103 _
10—6 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L | 1 1

so far unpolarized only!

using MSTW PDFs and DSS FFs 34

10
pr (GeV/c)
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proton-proton

Inclusive jet production

* jet algorithm dependence

: : : d?
e double differential cross section °
dedH
. . . N _ o Jdger, Stratmann, Vogelsang *04;
* Analytical results obtained in the " "'Narrow Jet Approximation Mukherjee, Vogelsang ’1 3

Alog R + B + O(R?)

A
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proton-proton

Threshold Resummation at NNLL

Refactorization near threshold

recoiling jet (cf. DIS)

observed jet, X dependence

\

da_N _ Z Aé\f ANb‘JJet N‘JrecoﬂN % Tr {HSTSS}

soft function de Florian, Hinderer, Mukherjee, FR,
as DY but 6 dependent Vogelsang " 4

abcd=q,q,9g

hard function

A
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proton-proton

Approximate NNLO results

o | L | L | L | I

Tevatron, 1.96 TeV, |n|<0.4, anti—k,

L
| I

v

[ o NNLO thresh. -
:'"'..‘0.2 ----- NLO thresh.
P full NLO (NJA) —|
1 | I | | | 1 1 | [ 1 1 1 | | I | | | |
200 300 400 500 de Florian, ‘Hinderer, MUkherjee, FR,
Vogelsang " | 4
pr (GeV)

» Los Alamos
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proton-proton

Approximate NNLO results

0.3 )
thr. NLO ——

RHIC kinematics thr. NNLO ——
Vs =200 GeV, |n| < 0.5

0.25

0.2 F

0.15F

AL

0.1F

0.05 |

20 30 40 50 60 70
pr

* Impact on the extraction of Ag
e Subleading In N/N become relevant for the polarized case ya

.
»Los Alamos
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

doPpietX  9p.. L dg, L dzy, / L dz, d6 ¢, (8, pr, 1, 1)
= — b J
dP’j‘dT] S Z Lmin fa (xa, l‘l') /:;:bnin Ty fb(xb, u) Zmin Zg dvdz C(ZC, Wi ,‘L)

A

p E./ iet, pp, 1 semi-inclusive jet function” in SCET
// \—’%
! X
Also applicable to jet Ay},

see also:
Jager, Stratmann,Vogelsang “04, Mukherjee,Vogelsang " | 2, Kaufmann, ﬁj
Mukherjee,Vogelsang " |15, Dasgupta, Dreyer, Salam, Soyez " 14, "1 6 > Los Alamos

NATIONAL LABORATORY
EST.1943
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

doPP=ietX  9p, L dz, L dz, bodz d6gy (8, br, 1, p)
_ &La —9 Jo(2e, Wy,
iy = o 3 [ et [ o) [ T G s
(\_ E@ <*-“r> ‘<¢é’ég>
Definition similar to FFs , M B
but perturbatively calculable: : ! !
(A) (B) (©)

Jet cross section at NLO: do ~ Aln R + B+ O(R?)

» Los Alamos

NATIONAL LABORATORY
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

do?P X 2pr g~ 1 d2a L day ' dee dogy (8,7, 1, 1)
= — — Jo(2e,wy,
dp'l‘d"'] S Z Lg)iﬂ Tq fd(xCh ”) /:;:bnin Iy fb(xb”u) zglin zg d'UdZ C( ¢ / ,.L)

Q;;‘;@ D \ %@ D

* T
Definition similar to FFs R M o
but perturbatively calculable: : ! :

(4) (B) (©)
d ag(p) Ldz 2
Follows standard timelike DGLAP #d—#Ji(zan,#) - Z_/ — Fii (;n“) (2w, 1)
j Z
> resummation of single logarithmsIn R ,i.e. NLO + NLLp

A
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proton-proton

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

2 | | | | | | |

doRes,NLO / doL0O

NLO: p7/2 < pgr,r < 2pr

Resummed: pr/2 < pr r < 2pr
O I I I I I I I I

200 400 600 &00 1000 1200 1400 1600 1800
pr

> Los Alamos
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

pp 5.43 pb (2.76 TeV)
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

@) ﬁﬁl NNPDF s'ys'te'm'at;c; '
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Inclusive Jet Observables

Inclusive Jet Production in SCET pp — jetX

Kang, FR,Vitev * 16,16

Dbtttk ket — PR derdd—— dedddd——d—d—d et —— etttk dd—d—d ettt —
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Conclusions

Qutline

® |ntroduction

® |epton-proton scattering
® VW boson production

® Proton-proton collisions

® Conclusions
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Conclusions

Conclusions

* Spin asymmetries can have sizeable corrections from threshold resummation
* Reduction of scale uncertainty

* Subleading In N/N corrections can be relevant

* Resummed polarized PDFs

e SCET can provide new insights

* include In R resummation for jet observables
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Conclusions

Resummed result

Aé\f ~ exp {h(ql)(/\) In N+ h(q2) ()‘, HF ) + as(ur) h(3) ( /'g, ZQ_F)}

A= a,(pu%)byIn N

(1)
27Tb0

A () = 123+ (1= 23) In(1 = 2))]

h? =

R = .

Catani, Mangano, Nason, Trentadue “96; Vogt 01 > Los Alamos
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Conclusions

SIDIS 7T~ multiplicities, 0.041 <2 <07 Q2 >1GeV?
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using MSTW’08 PDFs and DSS FFs
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Conclusions

Polarized charm structure function

LO, NLO, NNLO using Gehrmann, Stirling 96 PDFs
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Conclusions

Inclusive hadron and jet production

Rapidity integrated results at NLL de Florian,Vogelsang "05, de Florian,Vogelsang, Wagner "07,
de Florian,Wagner " 10

Ac(N) = Z Afo(N +1,1%) Afy(N + 1, 4*) Dpse(2N + 3, %) Abap—cx (N)

ab.c
1 7+ 24 3 dAS A2
5 = 22 (~2\N-1 A L S Oab—cX (m’[ 77)
AUab—»cX (N) — / dz'l' (x'l’) / d77 2 dA2 dn :
0 i Lparn
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