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Electroweak bosons in heavy ion collisions

o Not affected by final state effects in the

@ Sensitive to initial state effects:

medium (early produced in collisions)

e isospin effect (different between pp, pn
and nn binary collisions, mostly W):
well-known.

e nuclear modifications of the PDFs (in
particular quark PDFs).
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Electroweak bosons in heavy ion collisions

o Not affected by final state effects in the
medium (early produced in collisions)
o Sensitive to initial state effects:

o isospin effect (different between pp, pn
and nn binary collisions, mostly W):
well-known.

e nuclear modifications of the PDFs (in
particular quark PDFs).
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W and Z bosons in CMS ~ The CMS experiment

Electrons and muons in the CMS experiment
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@ Muon reconstruction: silicon tracker + muon sub-detectors

o Electron reconstruction: tracks associated with an ECAL cluster
° ET reconstruction thanks to the hermetic detector

;m o using silicon tracks (PbPb) or particle flow (pPb) LI/L
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W and Z bosons in CMS ~ The CMS experiment

Electrons and muons in the CMS experiment

Magnetic Fleld

®4T

(SopIapsass

Silicon

4

ECAL
- )‘.!]“ Electromagnetic

HCAL - Hadron Superconducting

1

Transverse slice

@ Muon reconstruction: silicon tracker + muon sub-detectors
o Electron reconstruction: tracks associated with an ECAL cluster
° ET reconstruction thanks to the hermetic detector

C';M o using silicon tracks (PbPb) or particle flow (pPb) LI/L
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W and Z bosons in PbPb and pp

W and Z bosons in PbPb (\/syy = 2.76 TeV)
PLB 715 (2012) 66, JHEP 03 (2015) 237
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W and Z bosons in PbPb and pp

W and Z bosons in PbPb and pp: event kinematics
PLB 715 (2012) 66, JHEP 03 (2015) 237
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e Data: 2010 (PbPb), 2011 (pp)
@ Muon channel only

e |nt| < 2.1,
pi > 25GeV/c,
P, >20GeV/c

® p. reconstructed using silicon tracks. L/I/fL
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W and Z bosons in PbPb and pp

W and Z bosons in PbPb and pp: event kinematics

PLB 715 (2012) 66, JHEP 03 (2015) 237
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W and Z bosons in PbPb and pp

W and Z bosons in PbPb and pp: nuclear modification factor
PLB 715 (2012) 66, JHEP 03 (2015) 237
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@ Nuclear modification factor consistent with 1
@ No dependence on centrality I./I/fL
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W and Z bosons in CMS W and Z bosons in PbPb and pp

W and Z bosons in PbPb and pp: nuclear effects? !
PLB 715 (2012) 66, JHEP 03 (2015) 237
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Charge asymmetry =

@ Some nPDF sensitivity but

® Large isospin effect limited statistics

o No sensitivity to nPDF
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W and Z bosons in CMS W and Z bosons in PbPb and pp

W and Z bosons in PbPb and pp: nuclear effects? !
PLB 715 (2012) 66, JHEP 03 (2015) 237
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Charge asymmetry =

@ Some nPDF sensitivity but

® Large isospin effect limited statistics

o No sensitivity to nPDF
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What about proton-lead collisions? ) L
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Z boson in pPb

Electroweak bosons in pPb collisions

Asymmetric collisions: p

o forward / backward asymmetries
Res = N(+y)/N(=y) = N(p-going)/ N(Pb-going)

c—
@ Better sensitivity to nPDF (probing a single xpp at a given
rapidity)
o |Ay| = 0.465 rapidity boost between c.m. and lab frames

LI
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W and Z bosons in CMS  Z boson in pPb

Z boson: event kinematics

CMS-PAS-HIN-15-002
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@ Electron and muon channels
o 0’| < 2.4, p > 20GeV/c (fiducial region)
o My € [60,120] GeV/c?
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Z boson in pPb

Z boson: fiducial cross subsection vs. rapidity

CMS-PAS-HIN-15-002
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W and Z bosons in CMS  Z boson in pPb

Z boson: fiducial cross section vs. rapidity
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o Also available:
acceptance-corrected results

@ Comparison with MCFM with and
without nPDFs (DSSZ, EPS09)

UL

E. Chapon LLR W and Z bosons QGP France 2015 11 /29


http://cds.cern.ch/record/2033515

Z boson in pPb

Z boson: fiducial cross section vs. rapidity

CMS-PAS-HIN-15-002
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Z boson in pPb

Z boson: foward-backward asymmetry

CMS-PAS-HIN-15-002
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Z boson in pPb

Z boson: foward-backward asymmetry

CMS-PAS-HIN-15-002
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Z boson in pPb

Z boson: fiducial cross section vs. pr
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W and Z bosons in CMS  Z boson in pPb

Z boson: fiducial cross section vs. pr

CMS-PAS-HIN-15-002
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W boson: event kinematics

W and Z bosons in CMS
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o Electron and muon channels (pr > 25 GeV, || < 2.4)

e [+ reconstructed using particle flow

e No £ cut: extract signal through a £ fit

E. Chapon LLR

W and Z bosons

@ Requiring isolated lepton (to reject the HF and jet backgrounds)
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W and Z bosons in CMS W boson in pPb

W boson: cross section ]

arXiv:1503.05825 (PLB)
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o Good agreement between the electron and muon channels

@ Combine the two channels for a better precision
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W and Z bosons in CMS W boson in pPb

W boson: cross section ]

arXiv:1503.05825 (PLB)
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@ Poor discrimination between CT10 and CT10+EPSQ9: build asymmetries
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W and Z bosons
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W boson in pPb

W boson: charge asymmetry (Nt — N7)/(NT + N™)

arXiv:1503.05825 (PLB)
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Comparing with different nPDFs
o Deviation at large negative n: different u vs. d quark modification?
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W and Z bosons in CMS W boson in pPb

W boson: charge asymmetry (NT — N7)/(NT + N7)

arXiv:1503.05825 (PLB)
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Comparing with different nPDFs
@ Deviation at large negative n: different u vs. d quark modification?
o Not a free proton PDF effect
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W and Z bosons in CMS W boson in pPb

W boson: charge asymmetry (NT — N7)/(NT + N7)

arXiv:1503.05825 (PLB)
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rl HKN: PRC 70 (2004) 044905 I']
lab nCTEQ15: arXiv:1509.00792 lab

Comparing with different nPDFs
@ Deviation at large negative n: different u vs. d quark modification?
o Not a free proton PDF effect

Mﬂ o Not included in EPS09 / DSSZ / HKN
, o Included in nCTEQ15 (but wrong direction) LI/L
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W and Z bosons in CMS W boson in pPb

W boson: forward-backward asymmetry N= (411 )/ NE(—11ap)

arXiv:1503.05825 (PLB)
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e F/B asymmetries are more sensitive to nuclear modifications.

o Negative leptons favor EPS09
éza @ Unclear conclusion for positive leptons L[/L
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W boson in pPb

W boson: forward-backward asymmetry N(+map)/N(—"1ab)
arXiv:1503.05825 (PLB)
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@ Favoring the presence of nuclear modifications of PDFs
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W boson in pPb

W boson: forward-backward asymmetry N(+map)/N(—"1ab)

P(XZ) — 29%CT10 (83%EP509)
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Favoring the presence of nuclear modifications of PDFs

W and Z bosons
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Outline

© Scaling of W boson production
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Scaling properties of inclusive W boson production in hadronic collisions
F. Arleo, EC and H. Paukkunen, arXiv:1509.03993

Measurements of the W boson lepton charge asymmetry have been shown in
different systems:

pPb 5.02 TeV
o . (‘3MS. L:tl‘7lh’aN§‘:7TEV o PPb34.6nb” S = 5:02 TeV.
H @ 922506V 1sPP 2.76 TeV, PbPb 2.76 TeV 2 “Fqs ' '
T e 0.3F P
E ST Lueoey)=Tapn? cms '\Z\: .
7 025 E0SE 1 -z wplz‘sf;\]/m 2 o02f _ @@ RE
Lo I’ ol k3
& 20ab Z o T
< e r =
G 02 2.0 +
co2p = Wiy
F B -0 3 pl, > 25 Gevic
o S £ data (V5= 276 Tev) e -0.2) E
e 02 4 forosn (276 e) i + Daa
St ' — crumsTwosnnLo op) -0.3F S0 CT10+EPS09
o | birkirsbers “0.4[ wuuu. MCFMAMSTWOBNNLOYEPS09 (PLPE) . L Eeeessr
o 05 1 15 2 T A A I B S B B | -0.4! = =y ) T 2
Muon [n| 02 04 06 08 1 12 14 16 18 ZM“\ ”‘;n
Q: can we directly check the consistency of these different measurements? J
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Scaling properties of inclusive W boson production in hadronic collisions
F. Arleo, EC and H. Paukkunen, arXiv:1509.03993

Measurements of the W boson lepton charge asymmetry have been shown in
different systems:

pPb 5.02 TeV
o . (‘DMS.L:A‘Hh’aNE‘:7TEV — 0 PPb34.6nb” S = 5:02 TeV.
§ @ o, 25500 LosPP 2.76 TeV, PbPb 2.76 TeV 7 o s T
: R — ovs 0% s
goz L S oot Z oz T
z Lok Top et
2 g0 =
© " 502} Et Wiy
[ — E A . o 3 7, > 25 Gevic
o Jero E o monmsenmen | J -0.2 E
o o S b { { i o
St ' — crumsTwosnnLo op) -0.3F S0 CT10+EPS09
| Emer R SO —— TS
o 05 1 15 2 A S U DU T ~0.4%-25 _‘1 6 :‘I. 2‘
Muon [n| 02 04 06 08 1 12 14 16 18 zlﬂ“\ rllan
Q: can we directly check the consistency of these different measurements? J
A: yes, we can! )
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. . + p+
Scaling of the cross section do"V™ =" /dy
arXiv:1509.03993

Inclusive W production in hadronic collisions

Hi+H, = W™ + X =07 + 0+ X,

Hi+H, > WH+ X > ¢F + v+ X

We find the scaling law!

do" (s,41)

s X FH(GLHL ),y >0, (1)
dé
with /s the center-of-mass energy, and
Mw
=W, 2
& NG e ()

Fi(&, Hi,H>) is a function that does not depend explicitly on s or y, and « is
the effective exponent for the sea-quark PDF at low x:

xq;(x, Q%) = xqi(x, @°) ~ N; x~° (a>0).

1Similar scaling for y < 0, with &, = M—V;’efy.
—
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Scaling properties of inclusive W boson production in hadronic collisions

Scaling exponent
arXiv:1509.03993

»oo4r = CTIONLO ]
> P q r S— 5 p
L Vs =13TeV P 2 — M2, ]
3 V5 =TTeV @ W
2k V5 =5.02TeV - E
. ——- /5 =1.96TeV i
0 ]
o
1r ] 10 E -d E
2k 4 s ]
—c ]
3r ] 0.122 x @08 Voo
4 - 4
102 A BT R IV BRI ALY | ST
N 5 ) N 10° 10" 107 107 10"
10 10 10 1 T
61.2
. . Scaling exponent extracted from NLO
Relation of rapidity y and &> for a few g &xp
calculations compared to CT10NLO
values of /s.
PDFs.
MW y — MW —y

= —€, = e _ —a
§=7 ©="7 xG:(x, Q%) ~ xqi(x, @) ~ N; x

IS -
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Scaling of the lepton charge asymmetry Cy

arXiv:1509.03993

The /s dependence in Eq. (1) cancels out in the lepton charge asymmetry®:
Civ™(s,6) &~ F(&.HiH) y>0

The approximate flavor independence of the sea quarks at small x even implies

Cit™(s,8) & F(&.Hy), y>0,

independently of the nature of hadron H, (nucleon, anti-nucleon, nucleus)
probed at small x.

At the LHC, scaling holds even at y ~ 0, because the probed x in H; is already
small.

2Similar scaling again for y < 0 (with &).
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Heavy ions at the LHC

arXiv:1509.03993

What does this scaling mean in practice in the case of heavy ion collisions? J

y > 0: scaling between pp, pPb collisions:
ClP(s,&) = C(s,4), y>o0.
y < 0: scaling between pPb, PbPb collisions:

(s, &) = CF°(s, ), y<oO.
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W and Z bosons QGP France 2015 25 /29



http://arxiv.org/abs/1509.03993

Comparison with data: do

+_ ot
W= —/¢ /y

0.05 -

O ATLAS, p-p. TTeV
©LHCb,  pp, TTeV

©CMS,  p-Pb,5.02TeV
4 ALICE,  p-Pb, 5.02TeV
- CTIONLO, p-Pb, 5.02TeV

pr >25

y>0

eV

0.0
10°

Absolute spectra for £~ in different

i\f\lj

107

&

1

—0.40
) x gl pb]

s
V2

arXiv:1509.03993

0.5

04 -

03

0 ATLAS, Pb-Pb, 2.76TeV
® CMS, p-Pb, 5.02TeV
4 ALICE, p-Pb, 5.02TeV
- CT10NLO, p-Pb, 5.02TeV

} y<0

P > 25GeV

0.0
107

10"

collision systems, scaled by (s/GeV?

W and Z bosons
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Comparison with data: Cy

. 0.6 — ‘ — arXiv:1509.03993
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The CMS data on lepton charge asymmetry as a function of y.® taking
\/Sref = 5.02TeV.
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Syef =y £ % log S'Tef, such that e.g. £1(y, v/S) = &1 (Vref, v/Sref) for y > 0.
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Scaling properties of inclusive W boson production in hadronic collisions

Comparison with data: Cy

arXiv:1509.03993
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Predictions

arXiv:1509.03993
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W and Z bosons in PbPb

@ Raa compatible with 1: reference process

o Large isospin effect for W boson production

W and Z bosons in pPb

@ Sensitivity to nuclear modifications of the PDFs

@ Hints of nuclear effects in the data: important input for future nPDF fits

@ Some tension between data and theory in the leptonic charge asymmetry
(different u and d PDF modifications?)

Scaling properties of inclusive W boson production in hadronic collisions

@ The inclusive W boson production at a fixed value of &> obeys a
one-parameter law in /s

@ C¢(&1,2) is approximately independent of +/s.

@ C¢(&12) is also independent of the nucleus probed at small x.
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W production

Leading order
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Additional material

W production

Leading order

w+ @
o Expect 2x more W™ than W™ in pp. T
_ . J L +
o Expect more W~ than W™ in PbPb. ) vl lﬂ'
o W boosted towards the valence quark. W- .
@ Spin conservation + parity violation: u" (u~) boosted []

back to (away from) midrapidity. _
o = different rapidity distributions between p* and p—. v l&
v
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Z in pPb: acceptance-corrected resutls

CMS Preliminary pPb |/s,,, = 5.02 TeV L = 34.6 nb*
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Additional material

nPDF (arXiv:1509.00792)
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