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Inclusive Jet Production pp — jetX
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Current state of the art for pp — jetX

do.pp—>jetX Z

— a Ha
" Zf ® fr ® Hyp

a,b,c

I partonic hard-scattering cross section

a

H,, = 043 (HC(L(;) + ostéi) + agH(z) + .. )

NLO 1990
Ellis, Kunszt, Soper "90



Current state of the art for pp — jetX

do.pp—>jetX

=Y fa® fo® Hap

a,b,c

dprdn

I partonic hard-scattering cross section

H,, = 043 (HC(L(;) + ostéi) + agH(z) + .. )

a

NLO 1990 NNLO 2016 ...
Ellis, Kunszt, Soper “90 Currie, Glover, Pires " 16



Ratio to NLO
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Inclusive jet production pp — jetX @ NNLO

ATLAS, 7 TeV, anti-k; jets, R=0.4
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leading color approximation



Inclusive jet production pp — jetX @ NNLO

s NLO
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Inclusive jet production pp — jetX @ NNLO
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Inclusive di-jet production pp — jij2 X

Many possible scale choices exist:

Here: vy* = |y1 — yo|/2

pPr1 > 30 GeV
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Inclusive Jet Production pp — jetX

do.pp—>jetX

:Zfa(g)fb@Hab

a,b,c

dprdn

I partonic hard-scattering cross section

H,, = 043 (Hég) + aSHCEi) + agHéi) + .. )

Cross check + resummation of large logarithms found in analytical calculations:

® Jet radius parameter al In™ R

(I (1 - 2)
® threshold Qg
+

1l —=x

® small-z o In?" (—t/s)



Small jet radius

Outline

® Small jet radius resummation



Hadron

Small jet radius

Analogy of hadron and jet cross sections

Factorization

dO.pp—>jetX

dprdn
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dprdn
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Semi-inclusive jet function in SCET

* The siJFs describe how a parton is transformed into a jet
with radius R and carrying an energy fraction z

jet Wy =W Wy # W
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initiating A ; i
I w I
Parton ! ! I
(A) (B) (C) (D) (E)
LO NLO
1
where Z=wy/w momentum sum rule: / dzzJi(z,wR,u) =1
0

Kaufmann, Mukherjee,Vogelsang " 15
Kang, FR,Vitev "1 6
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Small jet radius

Semi-inclusive jet function in SCET

® NLO result
Uv
1) as p _
Jo ' (2, prR, p) = By In P2 R? [Pyq(2) + Pyq(2)] MS scheme
. % 2 111(1 T Z) . . . q,alg
27T{CF [2 (1—|—z ) ( 11— )+—|—(1 z)] 6(1 — 2z)d7
+ Pye(2)2In (1 — 2) + C’Fz},
yy K = Pr
® RG equation
timelike DGLAP for semi-inclusive jet function
pg =prk

d
N@Ji :%:sz'@)z]j

resummation of o, In" R

— solve in Mellin moment space
P see also: Dasgupta, Dreyer, Salam, Soyez " 16



Small jet radius

NLLr DGLAP
evolution
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Small jet radius

® Adopt a prescription used for quarkonium fragmentation functions
Bodwin, Chao, Chung, Kim, Lee, Ma " 16

do  2pr dzc 1-0-V)/ze gy ! dw
Cy 1N —Ja\*vay y b Hg y Uy W
S [ Senteerr [ s [ S ) o )

dndpr
1—¢ ch
- Z/ Z07pTR H)H, ( y 1, P )‘I’Z/ Zc,pTR /,l,) H, (z » 1, an“/)

where zo = 2pr/v/scoshn

VW /vze

evolved jet functions

T =250 GeV J;O)
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Small jet radius

® Adopt a prescription used for quarkonium fragmentation functions
Bodwin, Chao, Chung, Kim, Lee, Ma " 16

do  2pr dzc 1-(A=V)/ze gy, 1 dw .
Z/ zc’pTR :U’) /VW/zc ’U(].—'U)/ _fa(xaal/’)fb(xba )Hab(‘s?v?w? Iu’)

dnde VW /vze w
1—¢ ch
= Z/ Je(2e, prR, p) H,, ( 1, PTs >+Z/ Je(2e, prR, p) H,, (Z 70, pnﬂ)

where zo = 2pr/v/scoshn

and

B =Z/1 “2o Je(ze, pTR, 1) 2. " H, (z 7, p:m#)

Z H Zo n,pPr, ,LL) / ch ZN_2 JC(ZCapTRa :U)

3

Q

1 1—e
— Z H.(z0,7n, pr, 1) {/ dze 2% Jo(2e, pr R, 1) — / dze 2% J,(2e, pr R, 11)
. 0 0

evolved jet functions

Requirements for parameters: ¢ <1, N > 2
but final result should be independent of the choice Lt ]
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Small jet radius

® Adopt a prescription used for quarkonium fragmentation functions
Bodwin, Chao, Chung, Kim, Lee, Ma " 16

evolved jet functions

® Mellin space implementation
FR, Sato,Yuan - in preparation

[ =250 GeV Jéo)

0.01 0.1 1

dz

zcvaR ,LL)H ( y 17, pT?/’l’)

1 1
do
dzg 21 = / dzo 20
/o 00 dndpr °

= ZJC(N_ l,pTR, /J/) Hé(N7777pT7/j’)

Cc

2o = 2pr/+/scoshn

T Mellin transform of fitted function

Inverse: = Z/CN 5 2 2oV J(N —1,ppR, ) HY(N,n, pr, 1)
<
* Mellin grid technique used for PDF fits can KL KK >
not be applied Cn
« Applications also to di-jets and photon+jet J(N) H(N)



Small jet radius
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Small jet radius

Comparison to LHC data
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Small jet radius

QCD scale dependence
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Small jet radius

Spin asymmetries at RHIC

Polarized cross section: Kang, FR,Vogelsang - in preparation
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Threshold

Outline

® T[hreshold resummation

24



Threshold

Threshold resummation

Drell-Yan

Cross section

Hard-scattering part
is calculable perturbatively

do = w0 + Ol wWw(NLO) ozg Ww(NNLO)

25



Threshold

NLO

(NLO) %
qaq ~ 5—CF

, 14 22 2 Q’
4(1+Z2 T Inz + (§7T2—8> 0(1 —2)+ 2P,z )lnﬁ

threshold logarithm where =z

>

Sterman 87
Catani, Trentadue "89

sz Z Jajp @ Jo/p ® do

1 do N N
/ dr V1 Q4r@ = Z Jap = JToyp
0 ab \

All order resummation can be achieved by solving RGEs in SCET  Manohar 03

5 1—2

2k—1
ar <ln 1 Z>> — aF In?* N
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Threshold

Accuracy of threshold resummation

O(O‘E) : Cln, X a’; In" N, where n < 2k
Fixed Order
LO 1
NLO CVSLQ gL O
NNLO  all? o2’ a2 o2 %
NkLO OékLQk akLQk—l ak‘L2k'—2 O/{:L2k—3 OékLQk_4

27
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Accuracy of threshold resummation

VICHE Cin X @ In™ N, where n < 2k
Fixed Order
0 ---
NNLO ---
LL NLL NNLL

L=InN



Threshold

(dogpis/dz) / ops
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Threshold

Inclusive jet production at threshold

® Non-trivial color structure Kidonakis, Sterman *97, Kidonakis, Oderda, Sterman *98

® Previously unsolved problems with the inverse transformation

only approximate NNLO results available Kidonakis, Owens “01, Kumar, Moch "1 3,
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4

2 12 V(1-W) 1—3= 5
prd o =2 do,
r — E /O dZ/ dv xafa(wanuf) xbfb<xb7,uf) ’ (’U,Z,pT,,LLT-,,lLf,R)

dp?rdn —~ vw dvdz
where
V=1-pre/VS VW = pre/VS
U
S§ = T,TpS v:u—|—t z = 84/5
threshold z — 0

. In 2
logarithms <—)
“ /4
30



Threshold

Inclusive jet production at threshold

® Non-trivial color structure Kidonakis, Sterman *97, Kidonakis, Oderda, Sterman *98

® Previously unsolved problems with the inverse transformation

only approximate NNLO results available Kidonakis, Owens “01, Kumar, Moch "1 3,
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4
2.0 I ‘\ I 1 I | I I 1 I I I I I 1 I
K [ LHC, 8 TeV, |n|<4.4, anti—k,, R=0.7 ]
1.8 \ ,7:2
- . NNLO thresh., N;=0 =
1.6 :FL\_\__‘ ) —
- NNLO _—
I - i
1.4 — _
; NLO thresh., Ny,=0 |
1.2 — _
i full NLO, NNLO |
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Threshold

Inclusive jet production at threshold

® Non-trivial color structure Kidonakis, Sterman *97, Kidonakis, Oderda, Sterman *98

® Previously unsolved problems with the inverse transformation

only approximate NNLO results available Kidonakis, Owens “01, Kumar, Moch 13,
de Florian, Hinderer, Mukherjee, FR,Vogelsang " | 4

_ e.g.
® Requires joint resummation o In*" N, alIn" R S l Dai, Kim, Leibovich * 17

Fixed Order




Threshold

Threshold resummation within SCET

Liu, Moch, FR " 17

® Joint resummation aZIn*" N, ofIn" R
Refactorization of the soft sector and the observed jet function: «jobs §”

* Jet function

1 3 1 1 3 13 3w
J,(R) =1 — 4 = 2
o) =1+ o CF[ Toe Tt glet otit 5 - 4]
1 ng—
e Global-soft function
g _ % s ST T (San‘j)_l_ze
mel'(1 —e€) z#?ﬂ Tsa \ tsa s ng |

n3
e Soft-collinear function . .

S = 12 as e prR (8(:10:r153)_1_26

me (1 —€) Sthse \ S lhse
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Threshold

Threshold resummation within SCET

® Inverse transformation e.g. Drell-Yan soft function Becher, Neubert 06

: s 2 2 N7 N?  n?
e Bare soft function SPY (N, u) =1+ —Cp | —"In— +In> — + =
27 e € p? 2

34



Threshold

Threshold resummation within SCET

® |nverse transformation e.g. Drell-Yan soft function Becher, Neubert 06

: s 2 2 N7 N?  n?
e Bare soft function SPY (N, u) =1+ —Cp | —"In— +In> — + =
27 e € p? 2

NQ n
* Solution of SPY(N, 1) = exp[—ACFS (s, 1) + 245, (s, 1) SY (N, 1) (—>
RG equation s
O‘S(M)
where U 2CfF‘A’Ycusp (/LS, :u) ’ A'ycusp (V7 ,u) = —/ da ’YCUSp(Oé)
o (1) Bla)
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Threshold

Threshold resummation within SCET

® Inverse transformation e.g. Drell-Yan soft function Becher, Neubert 06

: s 2 2 N7 N?  n?
e Bare soft function SPY (N, u) =1+ —Cp | —"In— +In> — + =
27 e € p? 2

NQ n
e Solution of SPY(N, ) = exp[—4CpS (s, i) + 24y, (ps, 1) SO (N, ) (—2>
RG equation s
as(p)
where 7 =2CrA, (s 1), A, (V1) = — / do2euep(®)
as(v) 6(0&)
2\ 7 2\ " \7 2
e Inverse with Lm (N ) — glm) (N ) , L=1In N2
p3 AN 7 T

]\4z)277

e~ 2YEN 1
—_— SPY (2, ) = exp[—4CF S (s, 1) + 245y, (“87”)]SDY(&7’M8) ( H

['(2n) Mz
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Threshold resummation within SCET

® Numerical results

M| <2  /5=2.76TeV  CMS Phys.Rev.C96 015202 (2017)
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Outline

® Small-z resummation
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Small-z resummation et e — hX

. i n* (Statistical, Systematic Uncertainties)
h é 108 S S SR
N - -t
:.Q B [b K* (Statistical, Systematic Uncertainties)
B 107
_ © =
e B
X 10°
10° ;—
N -
103 __4__41 ............ ll ....... gy | .................. l, ............ I ............ ,[ .................. | ........ g | ........... ‘:‘ ......
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
BELLE, PRL |11 (2013) 062002 z
do Z 0 h 2 S Q*
:0-1501)3 Ds(Z,ILL )®(Dk,q Z, 2 Zzzph.qcris —2Eh
dz Q2 Q
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Small-z resummation et e — hX

All order structure:

coefficient DGLAP kernel
function
1 1 1 :
C;’(gk) X a,’;; log?*~17%(2) P;;’(k) o alFtD) Z1og?ha(2) 1 = 4,9
) 2
1
Cg’(gk) x af = 1log?*~27%(2)
) z

h
NNLL resummation (a=0,1,2) achieved in Mellin space
using algebraic recursion relations
-
Vogt "I |; Kom,Vogt,Yeats " |2 X
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Conclusions

* All order resummation important for precision phenomenology
* Joint resummation of small jet radius and threshold logarithms

* Extraction of fragmentation functions including resummation

* Extension to NNLL accuracy and thr. NNLO
* Di-jet, photon + jet production
* New applications and tests of large and small-z resummation in

the context of jet substructure and ep scattering
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