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@ Single Inclusive Jet Production

@ Approximate NNLO Results e Florian, Hinderer, Mukherjee, Ringer, Vogelsang PRL 14
© Toward NNLL-NNLO

@ Extension to Ay,

@ Conlusions
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Hy + Hy — Jet(pr,n) + X
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Hy + Hy — Jet(pr,n) + X
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@ Large theoretical uncertainties especially at high pr

@ PDFs are constrained by collider jet data

@ Determination of ay
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Jet

anti-kp algorithm p=—1

diy, = min(k2p k2p) 22 , dip = k2T’]’
R = (5 — ) + (B — 1)

(Cacciari, Salam, Soyez 2008)
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Jet

anti-kp algorithm p=—1

. 12p 12py R 2
diy, = mln(k Pk p) w5, dip= kT’j’
R3 = (n Uk) + (25 — @p)?
(Cacciari, Salam, Soyez 2008)
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Jet

anti-kp algorithm p=—1

diy, = min(k2p k2p) 22 , dip = k2T’]’

Ry = (nj —mk)? + (95 — ©)?

(Cacciari, Salam, Soyez 2008)

J— )
P U= A

2 2o Zmax Vmax A
prd-o p / dé,

z dv x,x Za, Ty, S, U, Z, b, bR R

tdn E / . oy fo(Tas por) fo (T, pF) Tode =, prs fiR; 12)
Zmax — V(l - W). Umin = YZ. Umax = 1 — ‘I/:ZZ.
V=1- %e‘”, VW = %e—n
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Full analytical results at NLO in "Narrow Jet Approximation”

Jager, Stratmann, Vogelsang 2004
Mukherjee, Vogelsang 2013
Kaufmann, Mukherjee, Vogelsang 2015

° wg? ~ A+ Blog(R) + O(R?)
@ different algorithms

e anti - kp algorithm
e cone algorithm
e maximized jet function

@ accuracy better than 2-3 % for R < 0.7
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Perturbative expansion of the hard part:

(%) o ()R (2)' e v o)

™
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Perturbative expansion of the hard part:

(%) o ()R (2)' e v o)

™

@ threshold logarithms afw'®) ~ ¥ <M) , with 0 <m <2k —1
+

@ threshold logarithms dominate at partonic threshold: z = 2% — 0
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Perturbative expansion of the hard part:

(%) o ()R (2)' e v o)

™

@ threshold logarithms afw'®) ~ ¥ <M) , with 0 <m <2k —1
+

@ threshold logarithms dominate at partonic threshold: z = 2% — 0

Threshold resummation determines all order structure of logarithms

EBERHARD KARLS
UNIVERSITAT
TUBINGEN
=] F = = £ DA

Single Inclusive Jet Production



mellin transformation

1 2

do

Dap(v, N) = [ dz(1— )Nt s—
@ap(v; N) /0 2(1=2)" s

threshold logarithms

In2k—1
(n—(z)) — I N+ ...
+

z

threshold limit
N — o0
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Fixed Order
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res Je recoil in n,
1S (0, N) = > Ag(Na) Ap(Ny) JPO(N) 7V (N) Alne (N, 0) APS(N)
cd

Kidonakis, Oderda, Sterman 1998
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W (0 N) = D7 Aa(Na) Ap(N) TEV(N) TN (V) AL (N, 0) AL (N)
cd
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(1) = 3 (BalNa] Au(B]) JE(N) T ) A N, )AL ()

@ initial state, soft-collinear gluon emission:

Ay(N) = Ry (as (1r) exp{f dz =1 [f“ o L2 Ay (s (1)) + D (as<<1—z>s>>]}
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5 (0, N) = 3 Aa(Na) Ay(Ny) JIO(N) [ (N)| AT o (N, 0) AR (V)
cd

@ initial state, soft-collinear gluon emission:

o 2
Ay(N) = Ry (s (1) exp{f01 gzt [ n % Ay (s () + Di (e (1 —z)s))}}
F

@ unobserved final state, soft-collinear gluon emission:

gireeo) = Rl (a, (m))exp{fol RS [ O 4 i (s () + 3B (as(@ —z>s>>H

(1—2)2s
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(0, N) =Y Aa(No) Ay(Ny) JIO(N) JEOD (V) Al (N, ) AP ()
cd

C

@ non global contribution AE;NG)

3rd tower effect starting at NNLO, arising from boundary of the jet

Dasgupta, Salam 2001; Banfi, Dasgupta 2004
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s (v Z A Ny) JOEO(N) TV (V) (AR, (N, ) AR ()

@ non global contribution AE;NG)

3rd tower effect starting at NNLO, arising from boundary of the jet

Dasgupta, Salam 2001; Banfi, Dasgupta 2004

@ trace part
AN ca(N,0) = Tr { H(as(17)STS(as(S/N))S
matrices in space of color exchange operators (2-,3-,8-dimensional)

EBERHARD KARLS

UNIVERSITAT
TUBINGEN
o D = = T 9ae

Single Inclusive Jet Production



AL i (N, 0) = Tr { H(ao(u2)S S (a(S/N)S }
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AL a(N,0) = Tr { (o (u2)ST(S(as(S/N)))S |

@ soft matrix

e soft, large angle gluon
emission

§ =80 4 %sg01)
s
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AL a(N,0) = Tr { H{ar(u2)(STIS (e (/N))(S)}

S— 'PeXp[ fs/N2 du F(f)( s(#2))]

P ke = O kr + dxr 2 by Cpg [=In(2vi) + 1 — i)

i=a,b,c,d

@ soft matrix

e soft, large angle gluon
emission

§ =80 4 Xsg(1)
s
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AR (N, v) = Tr {(H (s (13))ST S (s (S/N)S }

S— 'PeXp[ fS/N2 du F(f)( s(#2))]

Ok = ke +0x0% S Crhl-In@w) +1 - in]

i=a,b,c,d

@ soft matrix @ hard scattering matrix
e soft, large angle gluon e contains far off shell part
emission =g 4 Qs ()
o

§ =80 4 Xsg(1)
s
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AL i (N, 0) = Tr { H(ao(u2)S S (a(S/N)S }

S— 'PeXp[ fS/N2 du F(f)( s(#2))]

P ke = O ke + drr 2 by Cig [=In(2vi) + 1 — i)

i=a,b,c,d
@ soft matrix @ hard scattering matrix
e soft, large angle gluon e contains far off shell part
emission H=HO 4 Qs ()
™

§ =80 4 Xsg(1)
s

(1)
as\F > 4; (1) q(0) (0) o(1) 2k—2 1
( Qo ) (k — 1)'1‘1‘ {H S * i S } lIl N EBERHARD KARLS

UNIVERSITAT
matching to NLO—NLL accuracy TUBINGEN

o = = E = 9acn

Single Inclusive Jet Production




W (0, N) = 3 Aa(Na) Ap(Vy) (JIV (V)] TN (N) A a(N, v) AT ()
cd
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LO:

= jet massless
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LO:

= jet massless

b d

@ Scheme 1: keep jet massless at threshold

as o - 1 1
exp | —In* N | Cy+C, — =Ce — =Cy
T 2 2

Kidonakis, Owens 2000

Moch, Kumar 2013
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LO:

= jet massless

b d

@ Scheme 1: keep jet massless at threshold

as o - 1 1
exp | — In" N Ca+cb—gcc—50d

™

no dependence on R Kidonakis, Owens 2000
Moch, Kumar 2013
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LO:

= jet massless

b d

@ Scheme 1: keep jet massless at threshold

as o - 1 1
exp | — In" N Ca+cb—gcc—50d

™

no dependence on R Kidonakis, Owens 2000
Moch, Kumar 2013
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LO:

= jet massless

b d

@ Scheme 1: keep jet massless at threshold

as o - 1 1
exp | — In" N Ca+cb—gcc—50d

™

no dependence on R Kidonakis, Owens 2000
Moch, Kumar 2013

@ Scheme 2: jet allowed to be massive at threshold

Qs o - 1 g =
exp |— In" N | Cq + Cp — EOd + —(C¢In(R) In(N)
B

s
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e one must be arbitrarily soft or
o they are exactly collinear

— no R-dependence in

(Jet)

@ Two partons in the jet, restrictions

m] = = =
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@ Two partons in the jet, restrictions

e one must be arbitrarily soft or
o they are exactly collinear

— no R-dependence in

@ more possible final states

c

(Jet)

— generates R-dependence in

J(Jet)
c
=] 5 = E DAy
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@ Two partons in the jet, restrictions

e one must be arbitrarily soft or
o they are exactly collinear
— no R-dependence in

(Jet)

c

@ more possible final states

— generates R-dependence in

JC(Jet)
_ s/N? 7.2 C 2 p2
JUD (N, R = / - B P (s
¢ (N, R) = exp O as(q”) | =5 log | =
de Florian, Vogelsang 2013 - . = e
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Fixed Order
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@ resummed exponents A(N,), Jj(?t(N,R), JQECOH(N)

@ Gamma Matrix F(2) Aybat, Dixon, Sterman 2006

@ Matrices H), S() needed for 4th tower

Hinderer, Ringer, Sterman, Vogelsang 2014

Kelley, Schwartz 2010 . .
@ for Di-Hadron Production

Hinderer, Ringer, Sterman, Vogelsang 2014

@ for Single Inclusive Hadron and Jets

Hinderer, Ringer, Sterman, Vogelsang (work in progress)
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Approximate NNLO results for Ay p,
@ measured at STAR

res (y Z Au(No) Ap(Ny) JYIO(N) T (N) Tr(..S.. H) A=) (N)
Soft gluon emission is spin independent

o A;(N;), JIUN), Jieeoll ANG(N), S remain unchanged

see eg. de Florian, Vogelsang, Wagner 2008

@ Hyy # Hypy, they are related to hard radiation
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Single inclusive jet production

Full result is available up to NLO (NJA)
NLL-NNLO

Observed jet should be massive at threshold
Extension to NNLL-NNLO is crucial

Arr
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