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Outline

@ Introduction: Strangeness at the LHC
e W + charm at 7 TeV
e W + charm at 13 TeV

@ Determination of the Strange Quark Content of the Proton
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Strangeness in PDFs

|2 MMHTL NLO, ° = 10CeW*

xfix, Q%)
e Strangeness is the least constrained light :

quark PDF .

@ Mostly constrained by v-scattering b
experiments
— Need to take nuclear corrections into
account 0.2
— Additional uncertainty in the PDF
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[Eur. Phys. J. C, 75:204, 2015]
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Why do we need to improve strangeness?

@ Limitations on theoretical calculations
— Standard Model parameters (W boson mass)
— BSM Searches (SUSY)

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW [ PDF Total | y?/dof = F 1 T T ]
categories ‘ [MeV] ‘ Une. Une. Unc. Une. Unc. Unc. Unc. |Unc. Unc. | of Comb. 0 gosL ATLAS = my, =80.370 £ 0.019 GeV -
O, sL.or B, - 172.84 £ 0.70 GeV
mr, W*, e 803700 | 123 83 67 145 97 94 34169 309| 26 C 1
mr, W™, et 80381.1 | 139 88 66 118 102 97 340162 305| 76 Eg = sorimy = 125,09 £0.24 GeV
mr, W, e-u 803757 | 96 78 55 130 83 96 34)102 251 1113 80.45 [ 68/95% CL of m,, and m,
Pr W e 803520 | 96 65 84 25 52 83 S57|145 235| 56 =
803834 | 108 70 81 25 61 81 S57|135 236) 106 C
. 803694 | 72 63 67 25 46 83 57| 90 187 1913 80.4—
Pl W e 803472 | 99 00 148 26 57 82 53| 89 21| 45
mr, W, e 803646 | 135 00 144 132 128 95 34)102 308 85 8035
m-|-—p§., Wee |803454 | 117 00 160 38 74 83 s0|137 274 15 390
mr-ph. Wo.e | 803594 | 129 00 151 39 85 84 49|134 276| 85 1
mr-ph, W= e | 803498 | 90 00 147 33 61 83 51| 90 229| 111 e 68/95% CL of Electroweak ]
P W 803823 | 101 107 00 25 39 84 60)107 214) 7 Fit wio m,, and 1
mr, W, 803815 | 130 116 00 130 60 96 34|12 272) 37 (Eur. Phys. ) G 74 (2014) 3048) |
mr-ph, Wi | 803641 | 114 124 00 40 47 88 s4|176 272 57 80.258 | 1 L
mTApi. W-,u | 803986 | 120 130 00 41 57 84 s53|168 274 37 - 165 170 175 180 185
mr-ph, Weu | 803820 | 86 107 00 37 43 86 54109 210 | 10/15
m, [GeV
mr-pl, Woen | 803527 | 89 66 82 31 55 84 s4aliae 234 713 ol ]
my-ph. W.en | 803836 | 97 72 78 33 66 83 53|136 234 | 1513
my-ph, W, e-u | 80369.5 | 6.8 66 64 2.9 45 83 55| 92 185) 29/27

[ Eur. Phys. J. C (2018) 78 ]
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Strangeness at the LHC: W + charm

s, d W
e Produced by hard scattering of a strange vC
quark and a gluon at LO
@ NLO contributions dominated by radiative g c
corrections to LO processes g
> QQOQQQQ,
e Contributions from d quarks are Cabibbo v e
suppressed W
MV

@ Probes strangeness at 1073 <z < 107! y ¢

Y o
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Fist measurement of W+charm at the LHC (5 fb~1!)
CMS 7 TeV [JHEP 02 (2014) 013]

CMms L=50f"at\s=7TeV
> 250
OW—>Z+V (l:,u,e) () i -@ Data
. . . O) i - W-c resonant
° Slngle,l isolated high-pr lepton N 200[- [ Wec non-resonan |
e + Missing transverse energy s | Il Background
2 150 .
e 150
: : : 2 I D*— D°x; D’ Knt
e Selecting charmed-jet signatures, o .| ’
> 25 GeV: o 100F ph>25GeV ]
o ¢ — D*(2010)* A 0
@ C— D:t =~ i
e ¢ — u Dominant systematic: Br(c — p) ol

014 015 016 _ 017
Mass difference [GeV]
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Comparison with Theoretical Predictions

@ Calculations done with MCFM at NLO

@ Scale: ALT:ALfZMW
® L < pp=pyp < 2p

@ pl. > 35GeV
o nf <21
@ pT > 25GeV

CMs L=50fb"atNs=7TeV
T T T T
Total uncertainty P> 25 GeV. | <25
Statistical uncertainty p'T >35GeV, n| <21
Predictions: CMS 2011

NLO MCFM + NNLO PDF

= MSTW08

78755 o PP

3
w33, P

¥ NNPDF23
78233 o pb

ANNPDF23_,
102.7 1 11.8 1 pb

841+ 2.0 (stat)=4.9 (syst)pb

o] 20 40
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100
(W + c) [pb]

120

CMS

L-50fb"at Vs=7TeV

T
Total uncertainty

Statistical uncertainty

Predictions:
NLO MCFM + NNLO PDF

= MSTWO08S
0904852

eCT10
0.942 £ 0.004 oy

¥ NNPDF23
0.923 £ 0.015 o5

ANNPDF23_,
0.936 £ 0.022 .,

T
P> 25 Gev, N <25

p‘T >35GeV, | <2.1

CMS 2011
0.938 + 0.019 (stat.) + 0.006 (syst.)

-

0.4 0.6
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QCD Analysis: Parametrization at the Starting Scale
Phys. Rev. D 90, 032004

1—2)% (14 By %),

(
x) = Ag, B (1-— x)CdV,

zg(x) = Ag B (1 — )% + A 2B (1 — 2)%.
15 Parameter Free-s fit:
fs =35/(d+5) released Az = Az(1 - fy)
By = B; = Bs By # Bs (Parametrization uncertainty)

xrs=2x8

25.03.19
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Results

e Strangeness suppression factor: r, = (s +5)/(ii + d)
e Large parametrization uncertainty from B; # Bs

la 1 HERA | DIS + CMS W production |o HERA I DIS + CMS W production
x Q=1.9 GeV? x 4 Q@*=mg
0.75 |- — CMS NLO free-s fit — CMS NLO free-s fit
I exp.unc. I exp.unc.
model unc. 2 model unc.

parametrization unc. I parametrization unc.

R=(s+5)/(u+d)
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W + charm Analysis at 13 TeV (35.7 fb1)
[arXiv:1811.10021]

o WV — 1 +v CMS 35.7 fb* (13 TeV)
. . . —e— Data
e Single, isolated high-pr muon % 12000 C
. . +cc
e + Missing transverse ener W+b/W+bb
9 9y 10000 - Bat:kgrc:und

A M[ GeV]: 0.1454 + 0.0001
6 [MeV]: 0.7004 + 0.0226

(OS -SS) Events / 1 MeV
(o]
o
o
(=]

0.24 4+ 0.68 0
@c D* D + ﬂ—slow 6000 Data Integral: 19210 + 587
0.04 + MC Integral: 19531+ 676
DY —S Kt 4+ MCWi+c: 19348 & 290
. . 4000 MC W+cE: 95 + 249
e No jet required MC W+bW+bb: 47+ 26
— low-pr D* accessible 2000
o Low tracking uncertaint + st
S ||b gh t' y 0—‘.\‘””\””‘ Wh\‘\
@ omall brancning ratios 0.14 0.145 0.15 0155 0.16 0.165 0.17

Am(D*,D°% [GeV]
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Event Selection

W —=pv
My = \/2 Pl P (1= cos(¢y — b)) > 50 GeV
D’ — K+ +n*F D*(2010)* — D+ 7,
o pi™ > 1GeV e piv > 0.35GeV
o Fitted secondary vertex @ Tyow iN @ cone around DY
o DY, — D, | < 35MeV AR(D°, gow) < 0.15

@ Transverse momentum fraction
P2 /> pr >0.2
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Extracting W+charm

Large background from gluon splitting
@ Opposite Sign (0S): W+ + D*F
@ Same Sign (SS):  W* 4 D**

0S SS

(OS - SS) Events / 1 MeV

Illustration: lllustration:
L —e— Data r —e— Data
[ [ F [
[ WicE - W+cT
[ - Wb F - Wb
L Background r Background
L r L4
[ J +¢ 0‘.0‘ LG
0000000, L. TR i
0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.14 0. 0.155 0.16 0165 0.17
Am(D*,D°% [GeV] Am(D*,D°% [GeV]
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h b
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Systematic Uncertainties

Tracking Efficiency =+ 2.3%

Branching Ratios =+ 2.4% @ Other Sources: + 3.4%
(C — Ka , 7Tslow) e Mupns
o ErIII‘IISS
, o e Pile-Up
Lumi +2.5% e D*(2010)* Kinematics
@ Sec. Vix Fit
Fragmentation +3.9/-3.3% e Signal Extraction
o PDF
MC-Statistics +3.6/-3.3%
Total +7.5/-7.0
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Comparison with Theoretical Predictions

@ Calculations done with MCFM @ pli > 26GeV
@ Scale: y, = puy = Mw ° nt <24
1 _ i ~ Ao, C
@ S < pp = pyp < 2p uncertainty of ~ 3% @ p >5GeV
CcMS 35.7 fb 1 (13 TeV) CcMS 35.7 fb1 (13 TeV)
E ] Tota Uncenainy P >26 GeV, In*| < 24 £ [ ot Uncenainy p¥>26 Gev, Inf| < 2.4
r l:lstanslica\ Uncertainty p3>5GeV r l:lS(alisucaI Uncertainty p;>5GeV
+ ABMP16 -+ [ + ABMP16 b
+ ATLASepWZz16 — [+ ATLASepWZz16 b
* CT14 e [ * CT14 b
v MMHT14 e F v MMHT14 3
A NNPDF 3.0 A A NNPDF 3.0 i
® NNPDF 3.1 [ ® NNPDF3.1 T
PN R Ll C P I PRI
0 200 400 600 800 1000 1200 0 02 04 06 08 2
a(W+c) [pb] O(W'+T)/a(W +C)
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QCD Analysis: Setup

%F/z‘z‘er

@ xFitter 2.0.0 (www.xfitter.org)
@ Fit performed at NLO
@ Starting scale: Q2 = 1.9 GeV?

. . 2 9
@ Parton evolution in @ > Qj Minimisation:
— DGLAP equations adjust initial parameters and fit again
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https://www.xfitter.org/xFitter/

Data Input
@ HERA I+l combined inclusive DIS data @ CMS lepton charge asymmetry

[Eur.Phys.J. C75 (2015) 12] o 7TeV [Phys. Rev. D 90, 032004]
Py Charged Current e 8TeV [EUrPhySJ C76 (2016) 469]
o Neutral Current — further improve u and d valence quarks

— Quarks and gluons at small and medium x

_ H1 and ZEUS CMS,L=188fb"at s=8TeV
n|> ?I T | E > L L B B L I
;3 109 © HERANCcp 04 v = 8 NNLO FEWZ + NNLO PDF, 68% CL.
= F Bq O HERANCEposm' 3 £ cT10
2 3 oy s HERAPDF20NCcp  § ? 0.25
‘2 . E Bg s s HERAPDF20NCe'p ©
B 10 E 8- 8 E %
s f t—, = @
3 L 5 1
F =
10°F y<09
5= 318 Gev
b ® HERA CCcp 04! P:> 25 GeV
10°F & ppeacoeposm?
; s HERAPDF2.0 CC ep —+—Data
F = HERAPDF2.0 CCc'p |
%] IR | P SR IR
10 10° 15 2
Muon |
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Data Input: CMS W+charm

@ 7TeV [JHEP 02 (2014) 013]
@ 13TeV [arXiv:1811.10021]
@ systematic errors as nuisance parameters (100% bin-to-bin correlation)

CMs |_ 5.0f0" atr 7TeV
o -1
100l p,m - 25 Gev Wo v cMS 35.7 fb (13 TeV)
: (I - l’L) —_ 1000/~ ® Data
= Pl > 25 GeV 1 T L
e — = W +C + ABMP16 + ATLASepWZ16
= — 800
QO [ i A J\ = = * CT14 ¥ MMHT14
+ E : A NNPDF 3.0 = NNPDF 3.1
= b ¢ B ‘ g 600
S o ¢ 4
§ 501 5 i g ¢ Jf T —kh—-*—gh-r !
° o g S a0 e
=#= Data T F " +_i¢Y_‘L
| o MSTwWos8 1 200l pT >26 GeV, " < 2.4

o CT10 i L p$ >5GeV

= NNPDF23 —}— Stat. uncertainty L

» NNPDF23_, Total uncertainty | ) A S S AR S O SO A R N

0 ‘ ) ) ‘ 0 02 04 06 08 1 12 14 16 18 2 22 24
o 05 1 15 2 Il
|
m
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https://arxiv.org/abs/1811.10021

Model Input

Heavy quark treatment:

Thorne-Roberts general mass variable flavour number scheme at NLO
me =1.5GeV 1.37 < m. < 1.55GeV
my = 4.5GeV 43 <mp < 5.0 GeV

Strong coupling constant:

as =0.118
Scales:
Q2 =1.9GeV? 1.6 < Q3 <2.2GeV?
2 .. =35GeV? for HERA data 25<@?,, <50GeV?
py = pj =my,  for W-processes py = pi = Q>  for DIS-processes

Svenja Pflitsch (DESY) Strangeness Determination in CMS

25.03.19




Parametrization at the starting scale

15 Parameter Fit

Tuy ()

xdy(x) = Ag, B4 (1 — z)%,
2tu(z) = Ag 257 (1 — 2)% (1 + Ega?)
zd(z) = Ag 2Ba (1 —z)Ca
25(x) = As 2P (1 — 2)%5
zg(z) = Ay 287 (1 —2)% (14 D,x)

Constraints:
rsS =TS

By # By # Bs [Phys.Lett. B777 (2018) |

Strangeness Determination in CMS

25.03.19

Svenja Pflitsch (DESY)


https://arxiv.org/abs/1708.01067

Estimation of PDF Uncertainties

@ Hessian Error Treatment: Ay? = 1

@ MC replicas: Random sampling of datapoints, varied within uncertainties
o Uncertainties from RMS around mean value

»  cms HERA DIS + CMS W + CMS W+c CcMs HERA DIS + CMS W + CMS W+c
Q04 15 ¢
. ) - 2=m2
o Hessian uncertainties Ky =my E Hessian uncertainties w=mg
[ MC uncertainties 1.25

[ MC uncertainties

Fract. uncert.
Fract. uncert.
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QCD Analysis: Results

E Hessian uncertainties 2= 1.9 GeV?
1 [ MC uncertainties
Dataset X2 /map ors
HERA1+2 CCep 43/39
HERA1+2 CCem 57 /42
HERA1+2 NCem 218/159 g os
HERA1+2 NCep 820 69/70 5 o
HERA1+2 NCep 920 448 /377 gos ‘ ‘ ‘
HERA1+2 NCep 460 216 /204 © X
HERA1 +2 NCep 575 220 / 254 cMms HERA DIS + CMS W + CMS W+c

13/11 Hessian uncertainties 2= 1.9 GeV’
[ MC uncertainties

CMS W muon charge asym. 7 TeV
CMS W muon charge asym. 8 TeV 4.2/ 11

W+c 7 TeV 22/5

W+c 13 TeV 21/5

Correlated 2 87 .
Total x2 / dof 1385/1160 i 0
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Comparison with other PDFs

@ Results for s compatible with global PDFs
@ No observation of enhanced strangeness

Hessian uncertainties

CMS 13 TeV arXiv:1811.10021 7

) ] CMS, this analysis u% =1.9 GeV?
p*=md CMS W+charm

[ ABMP16NLO
& MMHT14NLO
] CT14NLO

15 [ ABMP16nlo

strange quark suppression r,
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Summary

@ W+ charmat7 and 13 TeV

e Inclusive and differential cross sections as a function of |n*|
e Good agreement between measurement and MCFM predictions

e QCD analysis
e Determination of zs and r,
e 7TeV: 15 parameter free-s fit using xfitter
e 13 TeV: Release of B parameter constraints possible
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Backup
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Comparison with 7 TeV results

@ In agreement with 7 TeV PDF fits (same parametrization)
@ Reduced PDF uncertainties

CMS Hessian uncetainties CMS Hessian uncetainties
an 0.6 a0
. O . F
x r PRD 90 (2014) 032004 =19 GeV? x L PRD 90 (2014) 032004 w=mg

[ This analysis
parameterization of PRD 90 (2014) 032004

0.1

Fract. uncert.
Fract. uncert.
o
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