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Part I

Generalities on gluon TMDs
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Beyond collinear factorisation e

Kt

e Observed final-state gr from @ .

“intrinsic” k7 from initial partons ~ \foiomoo

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 3/28



Beyond collinear factorisation e

kKt

e Observed final-state gr from @ .

“intrinsic” k7 from initial partons ~ \foiomoo

e TMD factorisation from gluon-gluon process : gr << Q

Pb
kps

Koz

=~ detected
- events

R

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 3/28



Beyond collinear factorisation e

kKt

e Observed final-state gr from @ .

“intrinsic” k7 from initial partons ~ \foiomoo

e TMD factorisation from gluon-gluon process : gr << Q

Pb
kps

Koz

7 detected .
E; events H is free of qar

R

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 3/28



Beyond collinear factorisation e

kKt

e Observed final-state gr from @ .

“intrinsic” k7 from initial partons ~ \foiomoo

e TMD factorisation from gluon-gluon process : gr << Q

Pb
kps

Koz

7 detected
E; events H is free of qar

R

2
do = ( ) fdzledszTfS (kir +kar — g, )Hyp (Hyo) ™ x

0" (xi, ki, G 1) O (x2, kars (2, )dR+(’)(Q2)

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 3/28



Beyond collinear factorisation e

Kt

e Observed final-state gr from @ .

“intrinsic” k7 from initial partons ~ \foiomoo

e TMD factorisation from gluon-gluon process : gr << Q

Pb
kps

Koz

7 detected
E; events H is free of qar

R

2
do = ( ) fdzledszTfS (kir +kar — g, )Hyp (Hyo) ™ x

0" (xi, ki, G 1) O (x2, kars (2, )dR+(’)(Q2)

e Should work for SIDIS + pp reactions with colour singlet final states

Collins; Ji, Ma, Qiu; Rogers, Mulders, ...
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R
Gluon TMDs in unpolarised protons

X, k¢
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R
Gluon TMDs in unpolarised protons

X, k¢

o Gauge-invariant definition: P/u\

v d(&p)d*E NP :
Of (okn o) = [ SERVEEE P S Bl (0, (U )

(xP-n)2(2m)3 £P'=0

o U and U’ are process dependent gauge links
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Gluon TMDs in unpolarised protons

X, k¢

o Gauge-invariant definition: P/u\
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o U and U’ are process dependent gauge links

@ Parametrisation: P.J. Mulders, J. Rodrigues, PRD 63 (2001) 094021
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Gluon TMDs in unpolarised protons
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o U and U’ are process dependent gauge links

@ Parametrisation: P.J. Mulders, J. Rodrigues, PRD 63 (2001) 094021

O (ki G, 1) 1{g*‘”fgock W (k¢k¥ L )h*%ck p)}+suppr
g > KT 6 = - T J1 > KT - ) T ) 1 > KT .
2x MP ZMP

e f°: TMD distribution of unpolarised gluons

o ;%: TMD distribution of linearly polarised gluons
[Helicity-flip distribution]
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gg fusion in arbitrary process (colourless final state)

do88
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atb
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= single helicity flip, cos(2¢)-modulation
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gg fusion in arbitrary process (colourless final state)

do88

(AZA MAH,A;,ML,A,,) CIAA]
atb
= helicity non-flip, azimuthally independent

+ (z MA,AM;)_A) Clwo x hy*h*]
A
= double helicity flip, azimuthally independent

+( > MM,MM;M)C[WZ * fEn8] + {a < b}
Aashp
= single helicity flip, cos(2¢)-modulation

(20 M o ton)
= double helicity flip, cos(4¢)-modulation
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Visualisation of hll g

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
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Visualisation of h;*

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

o Gaussian form for hy* [left: by > 0; right: b < 0]
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Visualisation of f;*

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

o Gaussian form for hy* [left: by > 0; right: b < 0]

o The ellipsoid axis lengths are proportional to the probability of finding a
gluon with a linear polarization in that direction
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Visualisation of h;*

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

o Gaussian form for hy* [left: by > 0; right: b < 0]

o The ellipsoid axis lengths are proportional to the probability of finding a
gluon with a linear polarization in that direction

o A single constraint: a positivity bound |1, < (2M; [K3) 2
o This bound is saturated by a number of models
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Quarkonium production and TMD factorisation breaking
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Quarkonium production and TMD factorisation breaking

° hll ¢ receives contributions from Initial-State Interactions (ISI) and

Final-State Interactions (FSI)

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 7128



Quarkonium production and TMD factorisation breaking

° hll ¢ receives contributions from Initial-State Interactions (ISI) and
Final-State Interactions (FSI)

@ These can make hll € process dependent and even break factorisation

e Different independent hll ¢ functions correspond to specific colour
structures. Depending on the process, one extracts different

combinations Buffing, Mukherjee, Mulders, PRD 88 (2013) 054027)
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° hll ¢ receives contributions from Initial-State Interactions (ISI) and

Final-State Interactions (FSI)
@ These can make hll € process dependent and even break factorisation
e Different independent hll ¢ functions correspond to specific colour
structures. Depending on the process, one extracts different

combinations Buffing, Mukherjee, Mulders, PRD 88 (2013) 054027)

@ Quarkonium production in pp collisions might face factorisation breaking
effects if the bleaching of the heavy-quark pair occurs over long times
(COM-NRQCD and CEM approaches) as opposed to Colour-Singlet
contributions
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Quarkonium production and TMD factorisation breaking

° hll ¢ receives contributions from Initial-State Interactions (ISI) and

Final-State Interactions (FSI)
@ These can make hll € process dependent and even break factorisation
e Different independent hll ¢ functions correspond to specific colour
structures. Depending on the process, one extracts different

combinations Buffing, Mukherjee, Mulders, PRD 88 (2013) 054027)

@ Quarkonium production in pp collisions might face factorisation breaking
effects if the bleaching of the heavy-quark pair occurs over long times
(COM-NRQCD and CEM approaches) as opposed to Colour-Singlet
contributions

@ CSvs. CO contributions should be analysed case by case

[reactions and kinematics]
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Advantages of 2 — 2 processes
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Advantages of 2 — 2 processes

@ 2 — 1process:

o Resulting particle has to be at small gt

— likely difficult to measure at colliders, in particular for mesons (less for H, W, Z)

o Hard scale has to be the particle mass : Q* = M?

— does not help to study TMD evolution
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Advantages of 2 — 2 processes

@ 2 — 1process:

o Resulting particle has to be at small gt
— likely difficult to measure at colliders, in particular for mesons (less for H, W, Z)

o Hard scale has to be the particle mass : Q* = M?
— does not help to study TMD evolution
@ Back-to-back (low gr) 2 — 2 process :

o Produced particles can each have a large pr adding up to make a small g for
the pair. One can impose pr large enough for the particle to be detectable

o This renders the TMD “region” (g1 << Q) as wide as we wish

o Hard scale Q* = (k; + k)? can be tuned to study the
QCD evolution of the TMDs
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Part 11

Ideas to extract gluon TMDs at colliders
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.
Di-photon

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)
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Di-photon

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)

@ Beside being the QCD background for H? studies in the yy channel,
pp — yyX is an interesting process to study gluon TMDs
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Di-photon

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)

Beside being the QCD background for H? studies in the yy channel,
pp — yyX is an interesting process to study gluon TMDs

Only colour-singlet particles in the final state
(also true for ZZ and yZ)

@ But contaminations from the gg channel (particularly at RHIC)

quark TMDs gluon TMPs at O (K:2)
Py Py
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Di-photon

o At+/s =500 GeV,

for p). > 1GeV, 4 < Q* <30 GeV, 0 < g <1 GeV

dGUU/dy [pb]

|d0‘TU/dyI [pb]

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)
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Di-photon

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)
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@ Only F; (i.e. the cos(4¢) modulation) is purely gluonic
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Di-photon

o At+/s =500 GeV,
for pl. >1GeV,4 < Q* <

dGUU/dy [pb]

|d0‘TU/dy| [pb]

y
@ Only F; (i.e. the cos(4¢) modulation) is purely gluonic

e Huge background from 7

J.P. Lansberg (IPNO)

J.W Qiu, M. Schlegel, W. Vogelsang, PRL 107, 062001 (2011)

30 GeV, 0L g7 <1GeV

- qq: <cos(20)>

I
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0 _ isolation cuts are needed
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Low Py quarkonia and TMDs
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Low Py quarkonia and TMDs

PHYSICAL REVIEW D 86, 094007 (2012)
Polarized gluon studies with char ium and & ium at LHCb and AFTER

Daniél Boer
Theory Group, KVI, University of Groningen, Zernikelaan 25, NL-9747 AA Groningen, The Netherlands
Cristian Pisano’
Istituto Nazionale di Fisica Nucleare, Sezione di Cagliari, C.P. 170, 1-09042 Monserrato (CA), Ialy
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Low Py quarkonia and TMDs

PHYSICAL REVIEW D 86, 094007 (2012)
Polarized gluon studies with char ium and & ium at LHCb and AFTER

Daniél Boer
Theory Group, KVI, University of Groningen, Zernikelaan 25, NL-9747 AA Groningen, The Netherlands

Cristian Pisano’
Istituto Nazionale di Fisica Nucleare, Sezione di Cagliari, C.P. 170, 1-09042 Monserrato (CA), Ialy

@ Low Pr C-even quarkonium production is a
1g
good probe of h;

@ In general, heavy-flavor prod. selects out gg channels
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Low Py quarkonia and TMDs

PHYSICAL REVIEW D 86, 094007 (2012) 0.8 T T T T T
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Low Py quarkonia and TMDs
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@ Low Pr C-even quarkonium production is a
1g
good probe of h;
@ In general, heavy-flavor prod. selects out gg channels
o Affect the low P spectra:
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Low Py quarkonia and TMDs

PHYSICAL REVIEW D 86, 094007 (2012)
Polarized gluon studies with char ium and & ium at LHCb and AFTER

Daniél Boer
Theory Group, KVI, University of Groningen, Zernikelaan 25, NL-9747 AA Groningen, The Netherlands

Cristian Pisano’
Istituto Nazionale di Fisica Nucleare, Sezione di Cagliari, C.P. 170, 1-09042 Monserrato (CA), Ialy

@ Low Pr C-even quarkonium production is a

good probe of hllg
@ In general, heavy-flavor prod. selects out gg channels
o Affect the low P spectra:

d d
LA o1 R(q]) & 42008 o1+ R(ch)
Clwh! ni8hi8]
R= bt
"= epmm )

@ Cannot tune Q: Q ~ mg

@ Low Pr: Experimentally very difficult
First 7. production study at collider ever, only released in 2014

for PI° > 6 GeV LHCb, EPJC75 (2015) 311
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Low Py quarkonia and TMDs II

@ 7. production at one-loop : everything works fine
PHYSICAL REVIEW D 88, 014027 (2013)

Transverse momentum dependent factorization for quarkonium production
at low transverse momentum

J.P.Ma,"? J.X. Wang.? and S. Zhao'
'Institute of Theoretical Physics, Academia Sinica, P.O. Box 2735, Beijing 100190, China
lCem‘erfr)r High-Energy Physics, Peking University, Beijing 100871, China
*Institute of High Energy Physics, Academia Sinica, P.O. Box 918(4), Beijing 100049, China

Pheno at NLO: M. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, work in progress
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Low Py quarkonia and TMDs II

@ 7. production at one-loop : everything works fine
PHYSICAL REVIEW D 88, 014027 (2013)

Transverse momentum dependent factorization for quarkonium production
at low transverse momentum
JP Mu:l 2 J.X. Wang.? and S. Zhao'
'Institute of Theoretical Physics, Academia Sij , P.O. Box 2735, Beijing 100190, China
Center for High-Energy Physics, Peking University, Beijing 100871, China
*Institute of High Energy Physics, Academia Sinica, P.O. Box 918(4), Beijing 100049, China

Pheno at NLO: M. Echevarria, T. Kasemets, JPL, C. Pisano, A. Signori, work in progress
@ .02 factorisation issue ? <> Colour Octet - Colour Singlet mixing

Physics Letters B 737 (2014) 103-108

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physleth

Breakdown of QCD factorization for P-wave quarkonium production ®mem
at low transverse momentum

J.P. Ma®P* | X. Wang®, S. Zhao?

3 Seare Key 1y of Theoretical Physic, Instirute of Theoretical P PO. Bax 2735, Bejing 100190, China
® Center or High-Energy Physics, Peking University, Beijing 100871, China
© nstiture of High Energy Physics, Acudemia Siica, PO. Box 918(4). Befing 100049, China

rg (IPNO) Accessing gluon TMDs with onia June 3, 2016 13 /28




Part I1I

Going further with associated-quarkonium
production
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Q +y atlow Plg_y

@ Unique candidate to pin down the gluon TMDs
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o gluon sensitive process (see next page)
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Q +y atlow Plg_y

@ Unique candidate to pin down the gluon TMDs
o Hard scale My, (or Q;_,) can be tuned

~
o gluon sensitive process (see next page) ,66666

o colourless final state for Y + y: TMD factorisation ok (see next page)
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Q +y atlow Plg_y

@ Unique candidate to pin down the gluon TMDs
o Hard scale My, (or Q;_,) can be tuned

~
o gluon sensitive process (see next page) ,(,6666
o colourless final state for Y + y: TMD factorisation ok (see next page)

o colourless final state for J/y + y once the J/y is isolated like the photon
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Q +y atlow Plg_y

@ Unique candidate to pin down the gluon TMDs
o Hard scale My, (or Q;_,) can be tuned

~
gluon sensitive process (see next page) ,(,6666

o colourless final state for Y + y: TMD factorisation ok (see next page)

colourless final state for J/y + y once the J/y is isolated like the photon

Looking at low Plﬁy, i.e. “back-to-back’, limits the DPS contributions
[a priori evenly distributed in A¢]
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Q +y atlow Plfy

@ Unique candidate to pin down the gluon TMDs
o Hard scale My, (or Q;_,) can be tuned

~
gluon sensitive process (see next page) ,{,6666

o colourless final state for Y + y: TMD factorisation ok (see next page)

colourless final state for J/y + y once the J/y is isolated like the photon

Looking at low Pl%_y, i.e. “back-to-back”, limits the DPS contributions
[a priori evenly distributed in A¢]

The photon isolation should also limit
DPS events with back-to-back configurations
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Q +y atlow Plfy

@ Unique candidate to pin down the gluon TMDs
o Hard scale My, (or Q;_,) can be tuned

~
o gluon sensitive process (see next page) ,{,6666

o colourless final state for Y + y: TMD factorisation ok (see next page)

colourless final state for J/y + y once the J/y is isolated like the photon

o Looking at low Pl%_y, i.e. “back-to-back”, limits the DPS contributions
[a priori evenly distributed in A¢]

The photon isolation should also limit
DPS events with back-to-back configurations

o TMD factorisation could still hold with CO contributions owing to the
presence of the final-state Y See Higgs+jet: D. Boer, C. Pisano, PRD 91 (2015) 7 074024
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Expected rates for back-to-back Q +y

do/dQ/dY/d cosbcg x Br(Onium — u ) (fo/GeV)

J.P. Lansberg (IPNO)

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

Dlrect back-to-| back On|um +vyatsqrt(s)=14 TeV

onium
HR= “F my |mQ_ onlum/2

|Y| < 0.5; |cosbgg| <0.45

\Color Octet

-q (x 50)

Color Slnglet

<o So ( )>=0.1 GeV°
(r)> -0.01 GeV®
(8]
<o 'St (J/\u)> 0.02 GeV®
(

‘ ‘ ‘ ] b) J/\u)> -0.002 Gev3
20 25 30 35 20 25 30 35
Qr,y (GeV) Qyry+y (GeV)
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Expected rates for back-to-back Q +y

do/dQ/dY/d cosbcg x Br(Onium — u ) (fo/GeV)

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
Dlrect back-to-| back On|um +vyatsqrt(s)=14 TeV

onium
HR= HF my

|Y| < 0.5; |cosbgg| <0.45

|mQ‘ onlum/2 4

g-q (x 100

Color Slnglet

\Color Octet

-q (x 50)

<o So ( )>=0.1 GeV°
(r)> -0.01 GeV®
(8]
<o 'St (J/\u)> 0.02 GeV®
(

] a) ‘ ‘ ‘ ] b) J/\u)> -0.002 Gev3
20 25 30 35 20 25 30 35
Qr,y (GeV) Qyry+y (GeV)

@ gq contribution negligible;
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Expected rates for back-to-back Q +y

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
Dlrect back-to-| back On|um +vyatsqrt(s)=14 TeV

do/dQ/dY/d cosbcg x Br(Onium — u ) (fo/GeV)

onium
HR= “F my |mQ_ onlum/2

|Y| < 0.5; |cosbgg| <0.45

Color Slnglet

\Color Octet

<o So ( )>=0.1 GeV°
T)>=0.01 GeV®

(
< S[ ](J/\u)> 0.02 GeV?
(J/\u)> -0.002 Gev3

25 30
Qr,y (GeV)

@ gg contribution negligible;
@ CO (orange) smaller than CS (blue): isolation not needed for Y

J.P. Lansberg (IPNO)

35 20

25 30 35

QJ/‘I’*'Y (GGV)
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Expected rates for back-to-back Q +y

do/dQ/dY/d cosbcg x Br(Onium — u ) (fo/GeV)

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
Dlrect back-to-| back On|um +vyatsqrt(s)=14 TeV

onium
HR= “F my |mQ— onlum/2 1.

|Y| < 0.5; |cosbgg| <0.45

\Color Octet

-q (x 50)

Color Slnglet

<o So ( )>=0.1 GeV°
(r)> -0.01 GeV®
(8]
<o 'St (J/\u)> 0.02 GeV®
(

‘ ‘ ‘ ] b) J/\u)> -0.002 Gev3
20 25 30 35 20 25 30 35
Qr,y (GeV) Qyry+y (GeV)

@ gg contribution negligible;
@ CO (orange) smaller than CS (blue): isolation not needed for Y
o At14 TeV, a(J/y|Y +y,Q > 20GeV) ~ 100fb; about half at 7 TeV
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Expected rates for back-to-back Q +y

do/dQ/dY/d cosbcg x Br(Onium — u ) (fo/GeV)

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
Dlrect back-to-| back On|um +vyatsqrt(s)=14 TeV

onium
HR= “F my |mQ— onlum/2 1.

|Y| < 0.5; |cosbgg| <0.45

\Color Octet

-q (x 50)

Color Slnglet

<o So ( )>=0.1 GeV°
(r)> -0.01 GeV®
(8]
<o 'St (J/\u)> 0.02 GeV®
(

‘ ‘ ‘ ] b) J/\u)> -0.002 Gev3
20 25 30 35 20 25 30 35
Qr,y (GeV) Qyry+y (GeV)

With the £ ~ 20 fb™

qq contribution negligible;
CO (orange) smaller than CS (blue): isolation not needed for Y
At14 TeV, o (J/y|Y +y,Q > 20GeV) ~ 100fb; about half at 7 TeV
Lof pp data on tape, one expects up t0.2000 events
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back-to-back Q + y and the gluon TMDs
W. den Dunnen, JPL C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
o The g, -differential cross section involves f¥ (x, kr, yr) and hllg(x, ko ur)

do Co(Q-Mp)
dQdyd2q,d0  sQD

2
{Fl C[flg lg] + F3c05(2¢(45)C[M/h l‘ghf‘e +X1 HX2]+ Fycos(4¢cs) C[wi‘hhthlu]} + 0(%)
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back-to-back Q + y and the gluon TMDs
W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
o The g, -differential cross section involves f¥ (x, kr, yr) and hllg(x, ko ur)

do Co(Q-Mp)
dQdyd2q,d0  sQD

2
{Fl C[flg lg] + F3c05(2¢(45)C[M/h l‘ghf‘e +X1 HX2]+ Fycos(4¢cs) C[wi‘hhthlu]} + 0(%)

. g(m _ d ! d
® We define: S5, = (W‘Zosecs) [decsm cos(mpcs)m

o SO _ _Clif]

_ il . i 18 -
ar = Jag el does not involve h* (F, = 0) [not always the case]
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W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
o The g, -differential cross section involves f¥ (x, kr, yr) and hllg(x, ko ur)

do Co(Q-Mp)
dQdyd2q,d0  sQD

2
{Fl C[flg lg] + F3c05(2¢(45)C[M/h l‘ghf‘e +X1 HX2]+ Fycos(4¢cs) C[wi‘hhthlu]} + 0(%)

. g(m _ d ! d
® We define: S5, = (W‘Zosecs) [decsm cos(mpcs)m

88
° ngg) = %: does not involve hllg (F2=0) [not always the case]
S@ _ Fs C[w] fnE 1 oxs]
ar " 2F fdgd C[fofF]
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back-to-back Q + y and the gluon TMDs

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

o The g, -differential cross section involves f¥ (x, kr, yr) and hllg(x, kr, pur)

do CU(QZ*MZQ) . g g hhylg, 1g 7
dQdYd?q,d0 ~  sQD FiC[EFE |+ Frcospes)C[w" {1 431 s+ Facos(4gcs) Clwl" 0y | +0(Qiz)

o

M (. a - d
@ We define: S5, = (Wgosecs) Jd¢csm COS(”‘PCS)W

88
° ngg) = %: does not involve hllg (F,=0) [not always the case]

o SO _E Wl fE RS 4x o]
an 25 [dqi CIR Y]

o S _ FaClWi"h i’
a1 " 2F fdg. C[fifF]
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back-to-back Q + y and the gluon TMDs
W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)
@ The q,-differential cross section involvesflg (x,kr, ur) and hllg(x, ko ur)

do Co(Q-Mp)
dQdyd2q,d0  sQD

2
{Fl C[flg lg] + Fgcos(Z(pu)C[m/h lghlu +X1 HX2]+ Fycos(4¢cs) C[wi‘hh#xhlu]} + 0(%)

L g(m _ d ! d
® We define: S5, = (WZOSGCS) [decsm cos(mpcs)m

88
° ngg) = %: does not involve hllg (F2=0) [not always the case]
S@ _ Fs C[w] fnE 1 oxs]
ar " 2F fdgd C[fofF]

Fy Clwh /8 n#]
2F, [dg2 C[fifF]

S,g?) # 0 = nonzero gluon polarisation in unpolarised protons !

-

2
R
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Results with UGDs as Ansatze for TMDs

(0) -2
sOGev?)
0.100F~~,
0.050 <

0.020%.....
0.010
0.005

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

— SetB

-- KMR
-=-=- CGC
Gaussian

1 gy (Gev
10 qr( )

° Sé(T)): £%(x, kr) from the gr-dependence of the yield.

J.P. Lansberg (IPNO)
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Results with UGDs as Ansatze for TMDs

(0), -2
S2(Gev?)
0100~

0.050

0.020
0.010
0.005

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

— SetB
S, === KMR

N -=-=- CGC
Gaussian

(2), -2
52(Gev?)

1 gy (Gev
10 qr( )

(4) -2
SGev?)

—0.0002
~0.0004 \\ ,//
-0.0006F % e

\ 4

N/
-0.0008 p
-0.0010

o TGV — SetB +max
004
== KMR + max
0.0003 -
— Set B + max CcGC
.- KMR + max 0.0002 Gaussian + max
-=-- CGC 0.0001

Gaussian + max

== GeV,
10 qr(GeV)

(O)- : f8(x, kr) from the qr-dependence of the yield.

(4) : [ dqrS; st )should be measurable

J.P. Lansberg (IPNO)

[O(1-2%): ok with 2000 events]
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Results with UGDs as Ansatze for TMDs

W. den Dunnen, JPL, C. Pisano, M. Schlegel, PRL 112, 212001 (2014)

(0), -2

Sar GV — SetB
0.100'“\\ wees KMR
0.050 55 e cGe

0.020 ..ot Gaussian

0.010
0.005

1 gy (Gev
0 qr( )

2 4 6 8
(2) -2 (4) -2
s (Gev?) S¥Gev?)
0 97 (GeV) — Set B + max
0004
== KMR + max
0.0003 - CGC

— Set B + max

0.0002 Gaussian + max

== KMR + max
-=-- CGC 0.0001
—— TTT—
Gaussian + max SO0 TR vt ettt S ——— GeV'
8 10 qr(GeV)

(O)- : f8(x, kr) from the qr-dependence of the yield.
(4) S dqrSg ( Y should be measurable [O(1-2%): ok with 2000 events]

( ). (4)
° Sq. slightly larger than S,
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Already measured ?

week ending
PRL 114, 121801 (2015) PHYSICAL REVIEW LETTERS 27 MARCH 2015

Search for Higgs and Z Boson Decays to J/wy and Y (nS)y with the ATLAS Detector

G. Aad et al.”
(ATLAS Collaboration)
(Received 15 January 2015; published 26 March 2015)

A search for the decays of the Higgs and Z bosons to J/yy and Y'(nS)y (n = 1,2, 3) is performed with
pp collision data samples corresponding to integrated luminosities of up to 20.3 fb~! collected at
/s = 8 TeV with the ATLAS detector at the CERN Large Hadron Collider. No significant excess of events
is observed above expected backgrounds and 95% C.L. upper limits are placed on the branching fractions.
In the J/wy final state the limits are 1.5 x 10~ and 2.6 x 107° for the Higgs and Z boson decays,
respectively, while in the Y(1S,25,3S)y final states the limits are (1.3,1.9,1.3) x 107 and
(3.4,6.5,5.4) x 107, respectively.

3 3 T T T T 3
O gof ATLAS E o ATLAS 3 O 35 ATLAS
I V5=8TeV fLdt=203f" N Vs=8TeV [Ldt=20.3f" Q Vs=8TeV [Ldt=203f"
2 70 1 2 aia 2 30)
: 2 = S
ombinatoric
@ 69 @ =S 2 25
FSR &
5 o H[B=107) 1 &

E32(B=107

N
S

50 100 150 200 9.5 10 105 11 115 12

i [Gev] m,, [GeV]
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Same at AFTER@LHC

AFTER@LHC : a fixed-target experiment using the LHC beams

o \/ZxmyxE, 2V115Gev
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o \/ZxmyxE, 2V115Gev

@ Experimental coverage of ALICE or LHCDb is about ycps € [-3: 0]
down to xgp — —1for Q 2 5 GeV
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@ For y + y, smaller yield (14 TeV — 115 GeV) compensated
by an access to lower Pr
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AFTER@LHC : a fixed-target experiment using the LHC beams

o \/ZxmyxE, 2V115Gev

@ Experimental coverage of ALICE or LHCDb is about ycps € [-3: 0]
down to xgp — —1for Q 2 5 GeV

@ For y + y, smaller yield (14 TeV — 115 GeV) compensated
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°
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(%]
3
<
[7}
3
3
S}
N
3
8

o
S

o

o

o
4

Direct back-to-back J/y + v at sqrt(s)=115 GeV

by an access to lower Pr

|Y| < 0.5; [cosBsg| <0.45 -1.6<Y <-0.5; |cosBg| <0.45 -25< Y <-1.5; [cosBgg| <0.45 1
oo N gg: Color Singlet
] <0 (Wy)>=002GeV® L 9gg: Color Octet 1
<0 51 (J/y)>=0.002 GeV? qq: Color Singlet -----
qq: Color Octet
Fg=p=m™" | mo=m9n\um/é‘\“* =1 ) Tl 3 . ‘ i
10 15 10 15 10 15

QJ/\y +v (GeV)

(IPNO)

QJ/\|1 +v (GeV)
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Same at AFTER@LHC

AFTER@LHC : a fixed-target experiment using the LHC beams

o \/ZxmyxE, 2V115Gev

@ Experimental coverage of ALICE or LHCDb is about ycps € [-3: 0]
down to xgp — —1for Q 2 5 GeV

@ For y + y, smaller yield (14 TeV — 115 GeV) compensated
by an access to lower Pr

S Direct back-to-back J/y + v at sqrt(s)=115 GeV
> - - -
% 100 |Y|<0.5;|cosbeg| <045 1.5<Y <-0.5; [cosfg| <0.45 T 25< Y <-1.5; [cosBg| <045 ]
= - gg: Color Singlet
3 10 | <ofo§ (Jy)>=0.02 GeV® | gg: Color Octet i
1 <0'" (Jy)>=0.002 Gev? qq: Color Singlet ---—
c qq: Color Octet
=]
§ ¢ 1 | ]
@
x
801 bl P 1 ]
D .
@ N

0.01 & R el £ ]
% pp=pp=m"" | MQ=Moniun/2 ~~ ==~ Tl N .
g 1w 15 10 , 1 10 15
8 At Y(ems) @ =2, 2 10/115% e” ~ 0.65. Yet, g - g > g~ !
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, JHEP 1303 (2013) 115

@ Rates similar for Y + Z and J/y + Z [Same for Q@ +y for Q 2 20 GeV]
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, JHEP 1303 (2013) 115

@ Rates similar for Y + Z and J/y + Z [Same for Q@ +y for Q 2 20 GeV]

NLO 04

LO o s 01 NLO 1
3 3 LO -~ N
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@ i o N
> 00001 1 % 00001 F sqrt(s)=8 TeV ™ ]
o to.05 | SArts)=8 Tev a e
% e HR=HF=Mz ] 1\8 1e-05 ¢ ‘HF)“‘_HF_ z
O 1e-06 | ¥ 3 y|<24
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, JHEP 1303 (2013) 115

@ Rates similar for Y + Z and J/y + Z [Same for Q@ +y for Q 2 20 GeV]

NLO - j j
LO o s 01 NLO 3
3 2 LO - N
8 16 oot} ] N
2 £
< 0.001 | 1 T 0.001 | 1
@ m
> 0.0001 1 % 00001 | sqrt(s)=8 TeV . b
o te05 | Sart(s)=8 TeV a e
2 T urememmy 3 Q 1e05 ¢ ‘HF}‘_HF_ z 1
T 1e-06 F v 13 y' <24
V<2 ) 1e-06 | . . . . R
1e07 25 50 75 100 125 150 0 25 50 . 75 100 125 150
pyY (GeV) Pt (GeV)

@ Potential probe of gluon TMDs as well
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Y + Z cross sections

B. Gong, J.P. Lansberg, C. Lorcé, J.X. Wang, JHEP 1303 (2013) 115

@ Rates similar for Y + Z and J/y + Z [Same for Q@ +y for Q 2 20 GeV]

NLO
LO o S NLO 3
3 3 LO -~ N
] g
= 0001 | R i T 0001 EF 3
@ : m
> 0.0001 1 % 00001 | sqrt(s)=8 TeV . b
o te05 | Sart(s)=8 TeV a e
2 T urememmy 3 Q 1e05 ¢ ‘HF}‘_HF_ z 1
T 1e-06 F v 13 y' <24
V<2 ) 1e-06 | . . . . R
1e07 25 50 75 100 125 150 0 25 50 . 75 100 125 150
pyv (GeY) P (GeV)

@ Potential probe of gluon TMDs as well

@ Rate clearly smaller than Q + y even at low Pr
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Y + Z and TMDs

JPL, C. Pisano, M. Schlegel

0 Y+Z@\/s=14TeV,
@ Q=120GeV, Y =0,0 =n/2

SO(VSm =14 TeV, Q=120 GeV, Y=0, g, 6=7/2) Vs. g for the process p+p — Y+Z+X

g S9(VSm =14 TeV, Q=120GeV, Y=0, qr, #=1/2) vs. d for the process p+p - Y+Z+X

o

o
00030

4.x10°°F
0.0025

o

00020 310
00015

2.x10°°F
0,010

110
0.0005| /

10 20 30 40

ar ; ; % 2 o
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Y + Z and TMDs

0 Y+Z@\/s=14TeV,
@ Q=120GeV, Y =0,0 =n/2

SO(VSm =14 TeV, Q=120 GeV, Y=0, g, 6=7/2) Vs. g for the process p+p — Y+Z+X
s

o
00030
00025
00020
00015
00010
00005
16 2 % o T

o

4.x10°°F

3.x10°F

2.x10°°F

1.x10°%

JPL, C. Pisano, M. Schlegel

S9(VSm =14 TeV, Q=120GeV, Y=0, qr, #=1/2) vs. d for the process p+p - Y+Z+X

smaller than for Q +y

° S,g;')

[one can integrate up to larger gr, though]
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Y +
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Z and TMDs

Y+Z@\/_=14TeV;
Q=120GeV, Y =0,0 =7/2

SO(VSm =14 TeV, Q=120 GeV, Y=0, g, 6=7/2) Vs. g for the process p+p — Y+Z+X

o
16 2 % o T

o

4.x10°°

3.x10°9

2.x10°9

1.x10°°

JPL, C. Pisano, M. Schlegel

S9(VSm =14 TeV, Q=120GeV, Y=0, qr, #=1/2) vs. d for the process p+p - Y+Z+X

° S,g;')

smaller than for Q +y

[one can integrate up to larger gr, though]

@ Naturally large Q: interest to study the scale evolution ?
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Part IV

The case of quarkonium pair production
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.
Ne + 1 at low P

G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
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Ne + 1 at low P

o Theoretica]]y’ the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
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o At high energies, the qq contribution is negligible;
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Ne + 1 at low P

o Theoretically, the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
o At high energies, the qq contribution is negligible;
@ No reason for significant CO contribution and no final state gluon needed

NI X3

(b) <) (d) (e)

T
X &

(
(h)
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.
Ne + 1 at low P

o Theoretica]]y’ the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
o At high energies, the qq contribution is negligible;

@ No reason for significant CO contribution and no final state gluon needed

NI X3

@ ®) © @ ©
) ® ) ®
o For ]/1// +7a final state gluon is needed JPL, H.S. Shao PRL 111, 122001 (2013)
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|
HcHe
fc+ 1 at low P,
Theoretica]]y’ the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011

At high energies, the gq contribution is negligible;
No reason for significant CO contribution and no final state gluon needed

°
(a) (b) (d)
h)
o For ]/1// +7a final state gluon is needed JPL, H.S. Shao PRL 111, 122001 (2013)
o All 4 possible terms are nonzero: & £<lOSIY [ (w1, 0. uw[—m.,,+2 o

+Cyig1y
+B ;{mhm’hm/ +Bycosdg | e 7"17/,4’7“;
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Ne + 1 at low P

o Theoretica]]y’ the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
o At high energies, the qq contribution is negligible;
@ No reason for significant CO contribution and no final state gluon needed
(b) (c) (d)

f ( h) i)
o For ]/1// +7a final state gluon is needed JPL, H.S. Shao PRL 111, 122001 (2013)
o All 4 possible terms are nonzero: i - FEOIE [ (5104 sacos2a [ it i,
o Expected (weighted) cross sections s m (S + e [0 /h})

TABLEL The weighted differential cross sections obtained from the Gaussian model at v/S = 7 TeV and y = 0,
as defined in Eq. (20). In the calculation, we choose a, = 0.15, M, = 3.0 GeV and ignore all scale dependence.

0(GeV) € (6.0,10.0) (10.0, 15.0) (15.0, 20.0) (20.0, 40.0)
(1)(pb) 23x 10* 1.7 % 10° 1.8 x 10? 13 x 107
[(cos 24))|(pb) 24x10° 46 x 102 0.72 % 10 0.63 x 10
(cos4¢)(pb) 0.20 x 10 9.1 25 33
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.
Ne + 1 at low P

(s)
For J/y + 1, a final state gluon is needed

Expected (weighted) cross sections 8 [

Theoretically, the simplest; G.P. Zhang, Phys Rev. D 90 (2014)

At high energies, the qq contribution is negligible;

i e
=C DX X B

All 4 possible terms are nonzero: % re@lsr, '(s el + B 4{ P

dydQd*q,dQ  N2(N? - 1)MSSQ

+C3, 19,1
mhm’hm/ Alﬁmvir/) = ZIHhm

TABLEL The weighted differential cross sections obtained from the Gaussian model at v/S = 7 TeV and y = 0,
as defined in Eq. (20). In the calculation, we choose a, = 0.15, M, = 3.0 GeV and ignore all scale dependence.

0(GeV) € (6.0,10.0) (10.0, 15.0) (15.0, 20.0) (20.0, 40.0)
(1)(pb) 23x 10* 1.7 % 10° 1.8 x 10? 13 x 107
[(cos 24))|(pb) 24x10° 46 x 102 0.72 % 10 0.63 x 10
(cos4¢)(pb) 0.20 x 10 9.1 25 33

@ At /s =14TeV, cross-sections will increase by a 2 factor ({1) ~ o)

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016
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No reason for significant CO contribution and no final state gluon needed

JPL, H.S. Shao PRL 111, 122001 (2013)
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.
Ne + 1 at low P

Theoretica]]y’ the simplest; G.P. Zhang, Phys.Rev. D 90 (2014) 9 094011
At high energies, the gq contribution is negligible;
No reason for significant CO contribution and no final state gluon needed

EEEZXR
=C DX X6C

(h)

For ]/1// +7a final state gluon is needed JPL, H.S. Shao PRL 111, 122001 (2013)
. . do 22l (0]('S))?p [ 2 Ly
All 4 possible terms are nonzero: i~ fATEIE [ (5171 + sacos2 [ it i,
i i +Cs 19,19
Expected (weighted) cross sections [ Cnitnig] + mucosas [ Cnitni]).
TABLEL The weighted differential cross sections obtained from the Gaussian model at v/S = 7 TeV and y = 0,
as defined in Eq. (20). In the calculation, we choose a, = 0.15, M, = 3.0 GeV and ignore all scale dependence.
0(GeV) € (6.0,10.0) (10.0, 15.0) (15.0, 20.0) (20.0, 40.0)
(1)(pb) 2.3 x 10* 1.7 x 10% 1.8 x 10? 1.3 x 10?
[(cos 29| (pb) 24 10° 4.6 % 10° 0.72 x 10? 0.63 x 10?
(cos4¢)(pb) 020 % 10? 9.1 25 33
@ At /s =14TeV, cross-sections will increase by a 2 factor ({1) ~ o)
(1, cos 2§b) X Brz(rlc — pf)) ~1-501b [observable at LHC Run I1.?2]

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 24 /28



R
J/v+]]y at lowP#w

JPL, H.S. Shao PLB 751 (2015) 479
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J/v+]]y at lowP‘;w

JPL, H.S. Shao PLB 751 (2015) 479

@ J/y are much easier to detect. Pair
production already studied by LHCb &
CMS at the LHC and DO at the Tevatron

LHCb PLB 707 (2012) 52; CMS JHEP 1409 (2014) 094; DO PRD 90 (2014) 111101
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JPL, H.S. Shao PLB 751 (2015) 479
@ J/y are much easier to detect. Pair
production already studied by LHCb &
CMS at the LHC and DO at the Tevatron
LHCb PLB 707 (2012) 52; CMS JHEP 1409 (2014) 094; DO PRD 90 (2014) 111101
@ Negligible g4 contributions at these
energies
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J/v+]]y at lowP‘;w

@ J/y are much easier to detect. Pair
production already studied by LHCb &
CMS at the LHC and DO at the Tevatron

LHCb PLB 707 (2012) 52; CMS JHEP 1409 (2014) 094; DO PRD 90 (2014) 111101

@ Negligible g4 contributions at these

JPL, H.S. Shao PLB 751 (2015) 479

energies _
=

o Similar graphs as for 7 + 7. No final state & -
e}

gluon needed for the Born contribution. < 10%}r

LO SPS+smearing ]
[ NLO" SPS

- --- 398,38 may  }
= — 199419% max

e |
A |
R

3
R RIRRRRIR

The expressions are more complex due %T\L: ] 1
to the J/y polarisation 3 126 : 7TavaLiC

@ Negligible CO contributions, in particular 1075 i BB
at low P;ﬁw [black/dashed curves vs. blue] Py (Gev)
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J/v+]]y at lowP#w

@ J/y are much easier to detect. Pair
production already studied by LHCb &
CMS at the LHC and DO at the Tevatron

LHCb PLB 707 (2012) 52; CMS JHEP 1409 (2014) 094; DO PRD 90 (2014) 111101

@ Negligible g4 contributions at these

energies _
o Similar graphs as for 7, + 7. No final state E
gluon needed for the Born contribution. :é
The expressions are more complex due &
to the J/y polarisation 3

@ Negligible CO contributions, in particular
at low P;ﬁw [black/dashed curves vs. blue]

o Atlow PVT/W, smaller DPS effects, otherwise
needed to explain CMS data at large Ay

J.P. Lansberg (IPNO)

Accessing gluon TMDs with onia

JPL, H.S. Shao PLB 751 (2015) 479

_ I LO SPS-+smearing
10 [@% NLO® SPS E
. DPS
10 Il DPS+NLO" SPS 1
10~
105
1076
1077
_gf Tevatron
10 DO Accep.
10 Fit 2

40 60

P (GeV)

0 20
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J/w + ][y and the gluon TMDs

JPL, C. Pisano, F. Scarpa, work in progress
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J/w + ][y and the gluon TMDs

JPL, C. Pisano, F. Scarpa, work in progress

o All allowed terms are nonzero (unlike J/y + y (A" = 0))
do oc AT C[fEf8] + A Clw 1iE 18]

+B [C[W’Zh e +C[w;'f hllgflg]] cos(2¢) + CC[Wh" h*hi¥] cos(4¢)

@ The expressions for A-D are tractable (a little too long though to be shown in
an useful manner)
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J/w + ][y and the gluon TMDs

JPL, C. Pisano, F. Scarpa, work in progress

o All allowed terms are nonzero (unlike J/w +y A" =0))
do oc AT C[fEf8] + A Clw 1iE 18]
W e hf 1188 hh 18718
+B[CIw] fEm]+ Clwy 1 f¥]| cos(2¢) + CCIWS" 1i*hi<] cos(4g)

@ The expressions for A-D are tractable (a little too long though to be shown in
an useful manner)

e For typical kinematical configurations, A« B« A, C.
As what regards A", the situation is similar to J/y + y.
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|
J/w + ][y and the gluon TMDs

JPL, C. Pisano, F. Scarpa, work in progress

All allowed terms are nonzero (unlike J/y +y A" =0))

do oc AT C[fEf8] + A Clw 1iE 18]
W e hf 1 18,8 hh 1187 1¢
+B[CIw] fEm]+ Clwy 1 f¥]| cos(2¢) + CCIWS" 1i*hi<] cos(4g)

@ The expressions for A-D are tractable (a little too long though to be shown in
an useful manner)

For typical kinematical configurations, A« B« A, C.
As what regards A", the situation is similar to J/y + y.

@ For individual P# > My, one has

A 15 AP~ (M JPEYY S B~ (M [PY)? 5 C 1
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|
J/v + ] /v azimuthal effects

JPL, C. Pisano, F. Scarpa, work in progress

@ Using a simple model (+ positivity bound) :

fi (% kT)=—e ﬁfl( x)  with p = (k)

@ One gets for S( ")

02 : : : — 0.009 : :
; -2 2
5O [[Gev? 00002 | S |[GeV?) o008 | S 11Gev?H
ar T . ar
0.007 -
015 . 1
Pr=10GeV ——
0.00015 Pr=5GeV 0.006 | 1
Pp=20 GeV P = 10Gey
Pr=10GeV —— 0.005 - T= © —
01F Pp=50GeV 1 Pr=20 GeV Py=20 GeV
0.0001 | 7=20Ge 0004 |
2 Pp=50GeV -
lin. pol. =0 ——
0.05 1 5e-05 |- Gaussian + tail, max pol. -
Gaussian + tail, max. pol. Gaussian + tail, max pol.
T~ 0.001
0 0 T 0

qr [GeV]

@ it seems that 8(4) > S(z)

J.P. Lansberg (IPNO)

B

qr [GeV]
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Low Pr 1. production [below M, /2] is highly challenging,
maybe impossible with the current detectors
Di-photon production is perhaps more tractable
but very challenging where the rates are high
Back-to-back J/y +y,Y + y and J/y + J ]y is certainly at reach
o Already a couple of thousand events on tapes
o f2(x,ky, u) and k¥ (x, k1, ) can be determined separately
e Q can even be tuned — gluon TMD evolution
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Conclusions and Outlooks

TMD studies in the gluon sector are very promising
With lepton beams, only possible at an EIC
If we don’t want to wait for 10 years, LHC can help, right now !
Low Pr 1. production [below M, /2] is highly challenging,
maybe impossible with the current detectors
Di-photon production is perhaps more tractable
but very challenging where the rates are high
Back-to-back J/y +y,Y + y and J/y + J ]y is certainly at reach
o Already a couple of thousand events on tapes
o f2(x,ky, u) and k¥ (x, k1, ) can be determined separately
e Q can even be tuned — gluon TMD evolution
@ No serious constraints on the gluon Sivers effects
See the recent review: D. Boer, C. Lorcé, C. Pisano, J. Zhou, Adv.High Energy Phys. 2015 (2015) 371396
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If we don’t want to wait for 10 years, LHC can help, right now !
Low Pr 1. production [below M, /2] is highly challenging,
maybe impossible with the current detectors
Di-photon production is perhaps more tractable
but very challenging where the rates are high
Back-to-back J/y +y,Y + y and J/y + J ]y is certainly at reach
o Already a couple of thousand events on tapes
o f2(x,ky, u) and k¥ (x, k1, ) can be determined separately
e Q can even be tuned — gluon TMD evolution
@ No serious constraints on the gluon Sivers effects
See the recent review: D. Boer, C. Lorcé, C. Pisano, J. Zhou, Adv.High Energy Phys. 2015 (2015) 371396
@ Low Py onium and Q@ + y/Q + Q SSA studies could be done
with A Fixed-Target Experiment at the LHC: AFTER@LHC

J.P. Lansberg (IPNO) Accessing gluon TMDs with onia June 3, 2016 28/28



R
Conclusions and Outlooks

TMD studies in the gluon sector are very promising
With lepton beams, only possible at an EIC
If we don’t want to wait for 10 years, LHC can help, right now !
Low Pr 1. production [below M, /2] is highly challenging,
maybe impossible with the current detectors
Di-photon production is perhaps more tractable
but very challenging where the rates are high
Back-to-back J/y +y,Y + y and J/y + J ]y is certainly at reach
o Already a couple of thousand events on tapes
o f2(x,ky, u) and k¥ (x, k1, ) can be determined separately
e Q can even be tuned — gluon TMD evolution
@ No serious constraints on the gluon Sivers effects
See the recent review: D. Boer, C. Lorcé, C. Pisano, J. Zhou, Adv.High Energy Phys. 2015 (2015) 371396
@ Low Py onium and Q@ + y/Q + Q SSA studies could be done
with A Fixed-Target Experiment at the LHC: AFTER@LHC
e J/y+y SSA might also be possible with STAR in very favourable conditions

JPL, C.Pisano, M. Schlegel, in-progress
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Part V

Backup
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85?: Model predictions for T + ~ production at /s = 14 TeV

Q=20GeV, Y =0, Gcsiﬂ'/Q
SpiGev?) _ sets
0‘100,_"‘\\ === KMR
0.050 RN, - CGC
0.020: . Gaussian
0.010
0.005

(GeV)
10 qr

Models for f7: assumed to be the same as for Unintegrated Gluon Distributions

e Set B: BO solution to CCFM equation with input based on HERA data
Jung et al., EPJC 70 (2010) 1237

e KMR: Formalism embodies both DGLAP and BFKL evolution equations
Kimber, Martin, Ryskin, PRD 63 (2010) 114027

e CGC: Color Glass Condensate Model
Dominguez, Qiu, Xiao, Yuan, PRD 85 (2012) 045003

Metz, Zhou, PRD 84 (2011) 051503
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8(5.2,’4> : Model predictions for T + =y production at /s = 14 TeV

T

Q=20GeV, Y =0, Ocs =m/2
Sg/(Gev) s¥Gev2)
ar(Gev) — SetB + max
0 0.0004 o
- + max
0.0003
=-=-- CGC
—— Set B + max
-« KMR + max 0.0002 Gaussian + max
=-=- CGC 0.0001
T ———
-=-- Gaussian + max et o GeY)
8 10

hllg: predictions only in the CGC: in the other models saturated to its upper bound

Séi"l) smaller than Stg(p: can be integrated up to g = 10 GeV

2.0% (KMR) < | [ dg2SZ| < 2.9%
0.3% (CGC) < [dq2 8§ <1.2%

Possible determination of the shape of f¢ and verification of a non-zero ;"
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