ectroweak probes in nuclear
collisions

e \\W’)}'
'ﬁi(ﬁjﬁ? 7 N -n- Utrecht University
0 University of Tsukuba 'ﬂ,ﬂ!\\*




Hard and soft processes

Hard processes: Probing the cold nuclear
' effects
prompt pho’rc?ns Geometry, N, scaling
W*/L production o Calibration of the jet
ig energy
Soft processes: Evidence of the thermal
Thermal photons radiating system
di-electrons Temperature and energy
density of the system
v

May 18, 2018 Norbert Novitzky 2
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P+P COLLISIONS

IS IT JUST A BASELINE?
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LHCb towards higher rapidities

107

M rG, R LAOH TG The high rapidity production can help to
10°) g ATLAS/CMS 8 HERA e ey - .
== understand the inifial condifions of heavy ion
_ collisions.
%104
O,
S 108 . .
. The LHCb experiment can reach the saturation
N region predicted by the CGC.
107° 107° 107 1077 1072 107 10° L4 €, uncertainty L4 €, uncertainty
. ’ . = . + Reweighted +  Reweighted
The analysis of the direct R, \g{gc/ Ydec 1 pay y 1 Raw
photons is ongoing in very 4
forward region in the p+p. < = o
1 1 i i LHCb Prelimina; LHCb Prelimin
This will be a very mfreres’rlr’wg O liminary O reiminary
measurement also in p+A’s. 12 3 4 5 2 3 4 s
pr(y) [GeV/d] pr(7) [GeV/d]

1Tom Boettcher, Tue 11:10 i U 4




Ridge with higher Q*event

PROGZIIA0I0204 ) 1he ridge (long-range correlation) was a surprise in the higher

Py
= |/ -+~ | muliiplicity p+p collisions. Is there any “coupling” between ridge
sill A e phenomenon and hard or semi-hard processes (large Q2)2
N 14000 GeV N
('f, */ \\, 1 > - ATLAI\S Prelimilnary 2|.O<IAnI<5.IO _qz) - ATLAI\S Prelimilnary 2|.O<IAnI<5.IO
| NN T ' 01 Template Fits 05<p*°<5.0Gev - S 14 Template Fits 0.5<p7°<5.0 GeV ]
) I pp, Vs=8 TeV, 19.4fb™ T i ?C> [ pp, Vs=8 TeV, 19.4fb™ T
0 e - £ [
0 1 2 3 i s ] > 4 oL ]
b/fm I . Psop oo v ﬁ i +‘ ______ ¢ 4
/-tagged events 0.051- D S g '
prO\/|de an e\/en'l' : e 8 TeV Z-tagged i "g e 8 TeV Z-tagged *
. 05 TeV inclusiv =
with Q2 > 90 Gev Dfaiev iscltsjsije ENO 8- 816% .
| T S N S T S N S S S I S T > _u PRI IR T R N S N T N T SR S R |_
0 20 40 60 80 _ 100 0 20 40 60 80 _ 100
psigna psigna

trk trk

Dominated by the

low-pr Z's means This can be further investigated with di-jet tagging

very low-p;jet onthe  and also in same multiplicity p+Pb collisions
away side.

| Ry , I
May 18, 2018 Norbert Novitzky | Brian Cole, Tue 15:40




A+A COLLISIONS

TESTING THE QGP
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Geometry in Pb+Pb collisions

Y - JHEP 03 (2015) 022
Probe to confrmthe 277 owsgu-zmmv
N ling from L 7o 0-100% central
coll SCO g O 2,_ —- %eggj I?/IT(:./M, p:>|(;yGeV/c
. ’ GlOUber - —8— Z— ee, 0-100% centrality

I e Z—up, lyl<2.0, pT>0GeV/c

| I pp luminosity uncertainty

%W The electroweak

' probes could be used
jet as a calibration
(verification) of the
nuclear modification

%50 700 150 200 250 300 350 400

factor: N

part

EW
Rpa(X) NPb+Pb Opp+Pb

a4 =
Raa(EW) o pp  NEV b,

May 18, 2018 Norbert Novitzky 7



Geometry in Pb+Pb collisions

Zvi Citron, Tue 10:00 I

Naw(T,, )" Niip5nb]

0.8
06l ¢

0.4— [(T,,) uncertainty

-t

¢ . s . » [ ]

i

[ & data (statistical uncertainty)

L y - ATLAS Prellmmary
[ systematic uncertainty

Pb+Pb, 0.49 nb™
pp. 247 pb™!

% doy/dy 5.02 TeV
- — dojg/dy NLO QCD (CT10) x kynio % \I‘: €
a3 + gl r'y [ ] ) - E
pp luminosity un ity
2 —
:. -ql .......... . .' .......... i‘. ........ ™ ....‘ ..... | TP -
oo | RO L T ‘, .... oty & - H
I ATLAS Preliminary
1 Pb+Pb, {5=5.02 TeV, 0.49 nb”’ -
r Wopuv
I W*: -+- Data **** POWHEG (CT10 NLO) x kyy. 0
W + Data -+ POWHEG (CT10 NLO) x k.0
P SN SR N S S TR SR ET SR SR SR SR R ST S
00 100 200 300 400
(N

part

Probe to confirm the
N.oi SCaling from
Glauber

The electroweak
probes could be used
as a calibration
(verification) of the
nuclear modification
factor:

Raa(X)

< 2.5
<C
o0

JHEP 03 (2015) 022

ol

i CMS\[_ 276TeV
I e Z—up, lyl<2.0, pT>0GeV/c

| —e— Z — up, 0-100% centrality
| —=— Z—eelyl<1.44,p >0GeV/c

F —8— Z— ee, 0-100% centrality
| I pp luminosity uncertainty

||||||||||||||||||||||||||||||||

1T

0 50 100 150 200 250 300 350 400
N

X
_ Nppipp

part
EW

Opp+Pb

Tan = =
A4 RAa(EW)

X
Opp+Pb

NPb+Pb

Similar with photons was proposed in [PoS INPC2016 (2017) 345]

May 18, 2018

Norbert Novitzky
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Thermal photons

Phys.Rev.Lett. 115 (2015), 132301 . .
Temperature in GeV ~ Every thermal system should radiatfe in

electromagnetic region:
« thermal di-leptons
« thermal photons

A 20

10

The EM radiation should escape the medium
without further interaction

In experiments we observe the time and space
integrated direct photons:

« Prompt and fragmentation

QGP photons

HG photons

other: bremsstrahlung, jet-y conversion,...

-10

Transverse direction
X (fm)

-20

May 18, 2018 Norbert Novitzky 9



Origin of the direct photon puzzle

Phys.Rev. C94 (2016), 064901

%\ - (a) Invariant yield i LOrge YIeldS:
G 10F\}y  — Firobai, primoraia 1 021 « Suggest large temperatures
kS — SemkaGPwoviscous | 0,15  Early creation is dominant
w 1 E Initial strong magnetic field C
0.1
101k : Large flow:
0951 « Suggest moving source
102 0 « Late creation is dominant
- 0.2
10°F I oo The picture gets better once you
1ol T include blue-shift correction:
0000y o1 « The source is moving tfowards
105 0.05| the detectors
YRS rom PRC T e : « The low-temperature yields will
0
0 1 2 3 4
p. (GeV/c) p. (GeV/c) become shallower

May 18, 2018 Norbert Novitzky 10



Direct photon puzzle at LHC

Phys.Lett. B754 (2016) 235

g [F 7113 Djrect photon puzzle not significant at LHC:
L E o Pb-Pb \5,,=2.76 TeV  Aexp(-p/Ty) 7 ) )
3 = oa0%ALce  — o20% ] ¢ [he yields and v, theory calculations are
S 10 [+120-40% ALICE ~ — 20-40% = ) )
I +140-80% ALICE ] consistent with the data
> (. - . . .
£ 18 10k - = + Large uncertainties on the data cannot
Q F 7. 3 . e .
3 ] distinguish between the models
& F 3 AN T T I s T o T T
C ] 050 %0/7 PO-PD, (5, =276 TeV ; 05 %40:@%:_:)6 és_ =276 TeV 5
- vy, ALICE g + vy, B
107" 3 3 a VZ' %°, ALICE simulation ] F vi' 9¢, ALICE simulation ]
u ] 0.4 vy ", hydro, Paquet et al. . 0.4 v§ 9" hydro, Paquet et al. J
N 7 [ - VZ' 9" hydro, Chatterjee et al. ] [ o= vZ‘d", hydro, Chatterjee et al. ]
- @ | F e y,div, . Li i - oo y,dir! SD, Li i B
10725— ] = 03 Boxe‘:é indizgtz?ot;n:::ei;?r:ties ] 03l Boxgé indiz:te[t)otl;lanrzl:eft;‘iar:ties .
E S 3 ] 3r ]
10_3;_ _: 02} . 02} .
E -- Paquet et al. - 3 ] [ ]
- arXiv:1509.06738 k. N ] ol N
| --- Linnyk et al. T T . ] r 1
10 arXiv:1504.05699 -~ Chatterjee etal. - _ Y et el L ] : ]
E -..v. Hees et al. PRC 85(2012) 064910 ] y o ]
L NPA933(2015)256  + JHEP 1305(2013) 030 - - | | | | 1] o | | | | e
10—5—||||||||||||||||||||||||||||||||||||+ 0 "1""2"“3“"4""5‘ GII‘} 6""1""2"“3""4‘ 5““6"“7
0.5 1 2.5 3.5 4
P, (GeVic) P; (GeV/c) P; (GeV/c)
May 18, 2018 Norbert Novitzky 11



Scaling of the N__;,

arXiv: 1805.04084

C 0 AUHAU, (S =39 GeV  ,—1.95.0.02

"o AutAu, [S = 62.4 GeV R, Of the high-p; direct photons is ~1
104;- Au+AU, fSuy = 200 GeV » Direct photons at high-p; would scale
¢ Pb+Pb, Sy = 2.76 TeV p with the Ncoll
3| Fit: 1s (N feh)* »
3t Pl-sli:ﬁix g Neoi is collision energy dependent
< Pt > Instead of the binary collisions, we can
10 %ﬁ?‘i;,,«*” & use the multiplicity of charged hadron
S /// > The N, can be translated to
o Voo (AN /)
E 10 10 10
: I s
2 3
10 AN, /dn 10

May 18, 2018 Norbert Novitzky 12



Direct photons with dN_, /dn

arXiv: 1805.04084

VS = 200 GeV:

Direct photon yield in 10y a0z f |Nteresting observation is
Au+Au/p+p at 200 GeV 5 [ that the direct photons
g 10T | opefim20eeV - gre scaling by the
R =eenf-moe L multiplicity both in high-
Divided by the "0 and low-p;.
corresponding N
(ANcp/dn)t> [~Ncoll(\/SNN)] C\E-'_W'B‘
> |

- (b)
10_12_| Lo v v v by
0 5 10 C

p. [GeV/c] . .
T Viadimir Khachatryan, Mon 16:50
May 18, 2018 Norbert Novitzky 13




Direct photons with dN_, /dn

arXiv: 1805.04084

Interesting observation at the low-p; 107t u
region.

9 107
Across wide range of collision energies =
from 39-2760 GeV the normalized S
direct photon yield in p;~1-2 GeV is ?0
very similar 3

(@10—8
This was really surprising result. %

The low-p; photon scale as the number 1077

of charge multiplicity (or N ;(Vsa))

+ Pb+Pb, Y5 = 2760 GeV, 0-20%
B Au+Au, {5y, =200 GeV, 0-20%
® Au+Au, {5y, = 62.4 GeV, 0-20%

#+ Cu+Cu, Ysy, = 200 GeV, 0-40%
— PQCD, ¥s = 2760 GeV

... PQCD, ¥s =200 GeV

PHENIX

* .
.
‘.
.

0 5 10
P, [GeV/c]

May 18, 2018 Norbert Novitzky
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Direct photons with dN_, /dn

arXiv: 1805.04084

Interesting observation at the low-p; 102

region.

9 107
Across wide range of collision energies =
from 39-2760 GeV the normalized S
direct photon yield in p;~1-2 GeV is ?0
very similar 3

Q108
This was really surprising resulf. %

The low-p; photon scale as the number 1077

of charge multiplicity (or N ;(Vsa))

+ Pb+Pb, Y5 = 2760 GeV, 0-20%
B Au+Au, {5y, =200 GeV, 0-20%
® Au+Au, {5y, = 62.4 GeV, 0-20%

#+ Cu+Cu, Ysy, = 200 GeV, 0-40%
— PQCD, ¥s = 2760 GeV

... PQCD, ¥s =200 GeV

PHENIX

* .
.
‘.
.

5 10
P, [GeV/c]

May 18, 2018 Norbert Novitzky
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Scaling behavior of photons

arXiv: 1805.04084

2
10 = A+Ap+p =y +X o=1.25
- 18] Pb+Pb, |5y = 2760 GeV PHENIX
9 10E 5 e w2000 Integrated yield across wide
0 Au+Au, Ysyy = 39 GeV T
R S e et energy range from 39 GeV to
o E 0 psp, 15200 GeV ol 2.76 TeV
X 10-1;—
= - o
310_2— All the available data agree
) N very well with the scaling of
- o1 Scaled prompt photons . .
% 1073 pa%%t \(F:gggoGgVV (d N/dn)]'QS within The
-p IS = € . . .
o =pCD, f5 =200 Gev experimental uncertainties
1 1 1 111 III 1 1 1 L1 11 II 1 1 1 11 IIII
10 10? 10°
dNy/dn |
May 18, 2018 Norbert Novitzky 16



Theory of thermal radiation at lower -

Spatial rapidity of plasma

Center-of-mass energy of collision Center-of-mass energy of collision

RHIC 19.6 GeV
RHIC 39 GeV = =
RHIC 62.4GeV +r 11
RHIC 200 GeV === = 1

< - >
d b o N oo
o o o o o
ns
& b o N o
o [ o (4, o
ewse|d jo Aypided [enzeds

1/@npyp dNY/dpr (GeV2)
o © 9 9353 o
o w N — o — N

005 007 009 011 013 0.5 0.7 $ '|| 2 ; 4 5 6 7 8 9 L
Average temperature (GeV) us/T i
Temperature averaged over Baryon chemical potential to i Au-Au 0-5%
the plasma’s lifetime _ temperature ratio Thermal photons
(depends on freeze-out energy density) (markers at ug/T=1and ug/T= 3 to guide the eye) ‘|O—5 A A

. L 0 05 1 15 2 25 3
Hydro calculation prediction for the smaller or (GeV)

collision energies:

« The average temperature stays very similar in
the mid-rapidity, while the baryon chemical
potential increases

Large thermal yields
predicted to low Vs,

Jean-Francois Paguet, Mon 17:50 iNorberT e—

17




What does theory say?

Phys.Rev. C95 (2017), 014906

10!
o Ntvh(\,ruml (1<pr<3GeV) P
1000 ¢ Nooupe (1<pr<3 GeV) : .
¢": "‘
1071 ’¢':¢'
. » ’¢::"‘
) s
1072} | X3
A¥
- 501 "’ 1.42
10 ",“'¢‘ Nﬂ-‘
’ 1.12
b Nﬂf
10! . ‘
10() 101 102 105

Theory slopes:

~1.42 for thermal photons
~1.12 for the pQCD photons
prompt < thermal: N_> 10
prompt > thermal: N_ < 10

(pT > 1.0 GeV/c)

dN,/dy

—
o
HH‘ T \HHH‘ T \HHH‘ T \HHHr\ \HHH‘ T \HHH‘ T TTTTIT

arXiv: 1805.04084

102

10

1072

AtAlpp =y +X a=1.25
4 Pb+Pb, VST‘N =2760 GeV
B Au+Au, \sy, = 200 GeV
® Au+Au, \s = 62.4 GeV
0 Au+Au, \sy,, =39 GeV ,__.-l"

¥ Cu+Cu, {Syy = 200 GeV .
O p+p, Vs =200 GeV

PHENIX

N, scaled prompt photons

p+p fit, Is = 200 GeV
—pQCD, Vs = 2760 GeV
—pQCD, Vs = 200 GeV
—pQCD, Is =62 GeV

10 107 10°
dN,y/dn |

Theory predicts
higher slope as
the function of
pion multiplicity

May 18, 2018
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What does theory say?

Phys.Rev. C95 (2017), 014906

101
® NJoma (1<pr<3 GeV) »°
10() [ . N;mm[)t (1 < pT < 3 GeV) .’:’ —‘ ’
"i: "
107! "’3/
' » /::"‘
= o
1072} »oe
AY!
. o i, 1.42
10 r"“;" o Nﬂ"
’ 1.12
y N7r |
104 ' |
10° 10* 10* 107

Theory slopes:

~1.42 for thermal photons
~1.12 for the pQCD photons
prompt < thermal: N_> 10
prompt > thermal: N_ < 10

(pT > 1.0 GeV/c)

dN,/dy

arXiv: 1805.04084

102

10

S pHENx | Theory predicts
P higher slope as
T " the function of

¥ Cu+Cu, sy =200 GeV B
pion multiplicity

O p+p, QGeV

N, scaled prompt photons
p+p fit, Is = 200 GeV

—pQCD, Vs = 2760 GeV
—pQCD, {s = 200 GeV

—pQCD, Is =62 GeV

10 g /dn |n1(<))2 10°
How about the fransition region?
Data show a transition region between
2-20 multiplicities:
« More peripheral A+A
e Lower sy A+A

May 18, 2018
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Hades in AutAu at 2.42 GeV

1N, dN/dM,, ((GeV/c)")

Ratio to fit

T
[ Au+Au, s =2.4 GeV

1L
107" 30-40% centrality

I HADES preliminary

T T T T T

Tyope = 63.6£2.6 MeV/kg

0.2 0.4 O 6 0 8

M., (GeV/c?)

10’25

1/N,, dN/dM,,, ((GeV/c?))

T T
[ AutAu, sy =24 GeV

E 20-30% centrality

I HADES preliminary

T

sope = 65.742.8 MeV/kg _

R

Ratio to fit

T }

02 04 06
Mee (GeV/c?)

—

1/N_ dN/dM,, ((GeV/c?)')

Ratio to fit

—
o

C?
b

(=1
@

|Szymon Harobosz Tue 17 30

. Au+Au {Syy = 2.4 GeV

§ 10-20% centrality
I HADES preliminary

T

slope

= 74.3+3.6 MeV/k, ]

/N, dN/dM, ((Gewc2

Di-electron results in the thermal photon region.
Advantage of using di-leptons as they do not suffer from the blue shift

Ratio to fit

—
o

-
‘-?

r
T

[ Au+Au, m 2.4 GeV

0 10% centrality
I HADES preliminary

T

slope

= 72.3+3.8 MeV/k; ]

08,
L« (GeV/c?)

May 18, 2018
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Hades in Au+s "F—

- X
Sofrmmae | Sejpmmpe T4 "
Z E d Yy . E = E ° Y -q_) 3_ | i
1 The excess yield extracted as | > P ke ]
3 a function of centrality: § 2 =
Z O - :
T . . > 1 "+, ' .
 Similar observation than it | LW - L 1. -
was done at higher T I K 1
energies 0.4l L+1- |
' 0.3f .-~ 0.3<M,.<0.7 GeV/c® |
l° HADES: o = 1.44+0.17 0.2 ] ]
. ----b x <Apan>“ ]
» PHENIX: o= 1.3840.03+0.07 |, 4L | a=lA0r | Jie,
PRC91, 064904 (with N, 80 100 200 300
<Apart>
May 18, 2018 Norbert Novitzky 21



Hades on the flow of thermal radiation

FOPI:

reliminan

10?
Epean/A (GeV)
[ T T T | T T T [ T T T | T T T ‘ T
0_2' Au+Au, sy =.2.4.GeV.
[ 0-40% centrality
[ HADES preliminary
01_
= i
——
-0.1
-0.2}
E o 1y
0 0.2 0.4 0.6 0.8 »
M. (GeV/c?)

>(\| _] TTTT | LU I TTTT ] T T 1T l TTT7T | TTT7T ]_
0.1 AuvAu; 5y, = 24 GeV 80

I 0-40% centrality ot ]

0.05 1y amyme s s ]
F HADES preliminary on- ]
ofs-o 4 ]
I— o8 .
~0.05F _“—. ]
8 1

-0.1 4 ®..ol
A g e e ™

o]

-0.15 .
-0.2f ]
Lo b b b b by |l

0 100 200 300 400 500 600

P, (MeV/c)

Just a reminder about the energy regime:

at 2.42 GeV A+A collisions the azimuthal asymmetry is
___— negative (not positive as af high energy)

First di-lepton v, measurement:

at the n® mass region the v, agrees
with the measured v, of n*

In thermal region the v, ~ 0 within
the uncertainties

May 18, 2018
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Muon probing the QGP?

Very interesting proposal to use & ooty ]
the created di-muons to probe = "~ T o
the QGP charge density - | s ]
T
Observation of the O
widening of the muon £ %0 anas priminay Gaussan » E
pair: T S Fw=seeTev comaons | E
 Small centrality op e R 3
dependence is ok g . ;
observed oF @ .
« The UPC contributions of E
are subtracted R R
(Noan?

Peter Steinberg, Tue 11:50 | Norbert Novitzky 23




Backward

o

Forward

P+A COLLISIONS

NPDF2 Mini-QGP?¢

May 18, 2018
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Nuclear PDF (nPDF)

The standard way to look at the nPDF:

L 14 b ':",
£ 13| o @)= Ri(=Q) (=
® 12|  antishadowing maximum . A
1.1 e Y
10l : i Nuclear modifications €€ Proton
A baseline
o9+ A ;.T.'.> Ye
0.8 - small-x shadowing /] . )
o N - At different x we expect different
06 Lo MEmmmm . nuclear effects: EMC, anti-shadowing,
05 | ' shadowing.
0.4 1 "
10* 10° 107 10" 1
May 18, 2018 Norbert Novitzky 25



Nuclear PDF (nPDF)

ATLAS and CMS

ALICE and LHCb The standard way to look at the nPDF:
16 i T 1 ||||||| T ||||||| T 1 ||||||| T T |||||_| .fip/A(CL',Q2) = R;A(a:,Q2) ff(w,Qz)
1.4 B i ’
1.2 1 el Nuclear modifications €€ profon
| DO PR RRRE L i, Sy baseline
e T e 2 ]

IS S ?f::;,: At different x we expect different
0.6 - nuclear effects: EMC, anti-shadowing,
0.4 - 3 shadowing.

B T
m O'O i 1 | IIIIII| 1 | IIIIIII 1 | IIIIII| 1 1 IIII-I_I Need more experimentql dqtqseis 1'0
0t 1% 102 100 1 constrain nPDFs

X

May 18, 2018 Norbert Novitzky 26



Prompt Photon in p+Pb

| Zvi Citron, Tue 10:00

g fFT T T T T TR T T T I ' R
o 18 T i [] 3
- 1.10 < n* <1.91 T -1.83 < n* < 0.91 3 -2.83 <" <-2.02 E

— —
N A
| I
]
1
) |
1
1 1
| — — |
| W
LI 1
1 1

05 T JETPHOX I i E
0.6FATLAS Preliminary F T H1---
04E¥s = 8.16 TeV p+Pb, 162 nb" |FHEE e '+ Ed ;
O.ZE Data __ ---- CT14 + EPPS16 __ _
G: , o e el , , , I ; \ L1 \ \ . I \ oy sl , , \ ]
30 40 10° 2x10? E¥ (GeV] 30 40 10° 2x10? E! [GeV] 30 40 102 2x10° E' [GeV]

Prompt photon production in the forward and backward region.
The data is not yet precise to distinguish about the nPDF effects

May 18, 2018 Norbert Novitzky 27



ALICE W#in p+Pb forward /backward

0.8

Pb-going p-going
03<xpp<1 4104 <xpp<2.103
o e e
ALICE, p-Pb |5, = 5.02 TeV a E
w—W*
F P >10 GeV/c =
- e Data =
[ Jeaco +cT10
e [ ]pacD +cT10 + EPSO9
- B Fewz + MsTwz2008 =
[ ] FEWZ + MSTW2008 + EPS09
a==i ] 3
AN FEETE FEET SRR AR T SERTE SERTE FATTE ST e
| Ratio to (pQCD + CT10) ]
[}
B Ratio to (FEWZ + MSTW2008) i
—E -------------- T §
I
yCmS

220 (2102) 20LL AIHP

ems (M0)

do/dy

0.8
1.2

0.8

IMohomGd Tarhini, Wed 11:15 I

WA RARAS RAARE RARRN RARAE RALAE RARLE RARRE RAREE RARE
E ALICE, p-Pb |5, = 5.02 TeV .
E W« W 0 =
[ 28] P, >10 GeV/e lﬂiﬂg ]
:_ e Data _:
E pQCD + CT10 =
F [ ]pacD +cCT10 + EPSO9 ]
e [ Fewz + MsTw2008 =
L [ ] FEWZ + MSTW2008 + EPS09 ]
:||||||A|||||||All|||||n||||||||||l|||||||||||||':
L Ratio to (pQCD + CT10) ]
1 1]
e coes [N 3

- Ratio to (FEWZ + MSTW2008) ]
-'4-'3-'2-'16iéé:iu
yCmS

220 (2102) 202} A3Hr

ALICE is extracting the W+
boson from very forward
region:

P+P: 2.03 <y . <3.53
Po+p:-4.46 <y_, <-2.96
Pob+Pb: 2.5 <y, <4

Data precision cannot
conclude on the nPDF

May 18, 2018
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CMS-PAS-HIN-17-003

CMS W= for nPDF

| P(X?) = <0.01% CT14 , 83% nCTEQ15 , 95% EPPS16

New results of the W

Pb 173.4 nb™ TeV P 4 nb™ =8.
F 1734nb7  Vsw=816Te F birsanb’  Vsw=818TeV  meqsurement from
FW s u +v CMSi W s ut ey CMS - ;
13f p!>25GeV/c ! Preliminary 13f p'>25 Ge\llj;c g Preliminary CMSin p+Pb af
1:5 1.2; = 1:(23 1_2} i 8] 6 TeV.
l\.l/i 14 - :.I/i 1.1 e xfj
Z - _t — Z r
=~ b m """"""""""""""""""""""""""" Ely 1?'” A \ w,v, \\ \\ v},\, N Exclude the free
TSoo 1 Tsosf ) T nucleon PDF to 70
:i 0'8? { Data N\ :i 0'8? t Data i{ Signiﬁcance
IZ1 0.7 —CT14 { +Zi 0.7 —CT14 3
-\ CT14+EPPS16 -\ CT14+EPPS16 .
9% 1/ cT1a+nCTEQ15 E 9% 1/ cT1a+nCTEQ15 1 Experimental
c v vy by by b L c v vy by by by T . .
oo S & 2 S & > yncertainties are
cm oM smaller and the nPDF
Andre S$tahl, Wed 11:30 I uncertainfies
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Thermal radiation at small systems?

5

7y

Phys. Rev. C 95, 014906
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(d) He+Au @ 200 GeV
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Collectivity is observed in all ‘small systems’ from
high multiplicity p+p to p+A collisions.

Question: Is there a QGP formed in these
collisions?

Theory model predicts also a thermal

enhancement in the low-p; direct photons:

« Largest at LHC, less visible in the larger ‘small
sys’rems’ Rpr>R|oAu>RdAu>RHeAu

Currently had only the d+Au minimum bias data
and it was not conclusive. Data is consistent with

6.0 the enhancement and with unity.
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ALICE measurement in p+p and p+Pb

arXiv:1803.09857
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Consistent with no direct
photons at p; <3 GeVin
both p+p and p+Pb.

Also consistent with the
enhanced thermal
production of photons
(green line)

Combine all available techniques and available data to further decrease

Friederike Bock, Mon 16:30

the uncertainties.
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PHENIX measurement in small systems
Vliadimir Khachatryan, Mon 16:50
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PHENIX measured the direct
photon yield in p+Au

collision.

May 18, 2018

Norbert Novitzky



PHENIX measurement in small systems

imi , Mon 16: | :
I Viadimir Khachatryan, Mon 16:50 PHENIX measured the direct

5 (51200 GoV, 1 <035 5 ma-emcevm<oss | Phofon yield in p+Au
: =] p+Au, 0-100 % - ‘ "= | p+Au, 0-5 % collision.

4 — Thermal, Shen et al 4 - — Thermal, Shen et al
A - pQCD, Shen et al i T """ pQCD, Shen et al . . . .

_af _af } » Min. bias is consistent
L PHENX | % PHENIX with enhancement or
T, H Prefiminany | o o1 i+ prefminary unity — similar as in d+Au

3 i | r
/_# l | /\L : collisions
e fee e D [ LRSS S g pa PP . .
b [ T I « The 0-5% centrality is
ol Bt v v e ol vt vy v IﬂdICOTIﬂgbGYOﬂd]O
0 2 4 6 8 10 0 2 4 6 8 10
p, [GeV/c] p, [GeV/c] enhancement from

Are there really thermal photons in p+Au¢ scaled p+p collisions.

* Not yet conclusive, but very suggestive
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Direct photon scaling in transition region

1 1 1025
Adding the direct pho’rons = DA ) — 1+ X —~ — o =1.95
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Direct photon scaling in transition region

Adding the direct photons G + oA =y 2 X N, scaled prompt photons
from small systems in the |0 Pb+Pb, {5, = 2760 GeV e 12 2 570 o
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L swmmary

* Interesting proposal to study the p+p geometry with hard
scale:

« No large effect is seen in p+p collisions

« Large system scaling properties:
* photon, W*, Z boson as a geometry baseline
* muon to probe the QGP?
« Thermal photons across different systems and collision energies
can be described by two parameter function.
« Small systems:
« W* data already can constrain the uncertainties on the nPDF

« Hint of an additional direct photon (thermal?2) production in the
p+Au collisions

May 18, 2018 - Norbert Novitzky 36



THANK YOU!

AND THE VALUABLE INPUT FROM MANY COLLEAGUES

May 18, 2018
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Divided by the slope

The transition region is
more obvious in this
plotfing.

The transition happens in
very narrow multiplicity
bin, 2-30
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PHENIX and ALICE

Phys.Lett. B754 (2016) 235
% F T T T
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The direct photon yield is larger at LHC

energies than at RHIC

The direct photon
flow is comparable
between the two
energies
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Virtual Photon measurement in ALICE

M . OFXIV]8050439] b4 >1-3_|v|vv|||vv1||vvv|‘uv|v||||w|||y

New virtual measurementin = s 3§ |
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] : ;

At pT <4 GeV/C NoO ] 0.95 ]
significant direct photon N P POV VY PV PPN P SO |
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yield was observed p, (GeV/c)

The predicted yield of the direct photons at
these energies are around ~1%

Raphaelle Bailhache, Mon 18:10
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Light-by-Light scattering
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Nature Phys. 13 (2017) 852
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Signal selection
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CMS measured the light-by-light
scattering:
14 counts measured (3.8 bkg)
o(fid)=122+46(stat)£29(syst)x4(th) nb
o(SM)=138+14 nb

Significance obs. (exp.): 4.1(4.4)c
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I David D'Enterria, Mon 12:30

ATLAS found the evidence of light-by-
light scattering in Pb+Pb collisions:

13 counts measured (2.6 bkg)
o(fid)=70x20(stat)x17(syst) nb
o(SM)=45+£9 nb

Significance obs. (exp.): 4.4(3.8)c
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x> analysis of the W boson

CMS-PAS-HIN-17-007
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PHENIX vs STAR
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e We need to push for more work on th&"
resolution of this issue
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