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Forward-backward Asymmetry (AFB)
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Forward-backward Asymmetry (AFB)

Arp measurement in proton-proton collider

»How can we find incoming quark direction (not anti-quark) ?
» Assume quark has larger momentum than anti-quark
» Use direction of Z boson
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»Differential Apg with and without bjet

> sin? 9 eff Measurement with inclusive DY events

»sin? 6, ¢ measurement with DY+bjet events



Differential 4:; with and without bjet

Measure Arp itself for various kinematic regions
To find hint of new physics o

Without bjet With bjet
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Differential AFB

Event Selection

»>CMS full Run Il data (138 fb~1)

n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
uu ee 8° 843" 786° T73.1° 67.7°  62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n e
‘E' ’ - 1.2 33.5
triqger Double muon trigger (¢~0.87) Double e/y trigger (e~0.82) x
99 with py > 17(8) GeV with py > 23(12) GeV 12 308
Lepton Medium ID (e~0.96) Medium ID (e~0.79) 14 27.7°
selection pr > 20(10) GeV, |n| < 24 pr > 25(15) GeV, |n| < 2.5 1 15 252
Event o .
selection Opposite sign dilepton 16 228
- 1.7 207°
Drell-Yan (POWHEG) tt/tW (POWHEG) 18 188°
simulation diboson (PYTHIAS) W (MadGraph) 7 19 17.0°
yy = UL (PYTHIAS) 7 20 154°
24 140°
v' Lepton energy/momentum correction i < 22128
v' Charge-dependent ID/trigger efficiency SF , 24 104
v" Pileup reweight o
Correction | v Trigger prefiring correction: for a trigger issue in CMS Run 2 20 B
s v' Electron charge-flip (CF) SF ! [ Sieon|
v' Vertex Z reweight tracker - 40 2.1°
v VA pr reweight 0 N PP Aot MY P - 5.0 0.77°
v NLO weak k-factor 0 1 2 3 4 5 6 7 8 9 10 1 12 z(m)

138 fb~1 x 2nb = 276M events up = 101M events
Acceptance = 44% ee = 55M events 6



Differential AFB

Efficiency Correction

» Efficiency measurement using the tag and probe method
» Low background in Z boson resonance
» Tag lepton: Tight ID to be genuine lepton

> Probe lepton: used to measure efficiencies B o Run 2017
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Differential AFB

Efficiency Correction

Before efficiency correction
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Differential AFB

Lepton energy/momentum calibra

Before calibration After calibration
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Differential AFB

Z pr reweight

» Higher order contribution on Z p; distribution is not negligible
» Not easy to predict
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Differential AFB

Z pr reweight

» DY simulation is reweighted to match

with data

> reweight at generator level
» era-independent correction

» channel-independent correction
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Differential AFB

NLO weak virtual correction

» DY simulation:
QCD NNLO
+ Parton shower
+ QED NLO

» No weak higher order correction

» NLO/LO k-factor for weak
interaction is applied

» non-negligible effect at high mass
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Differential AFB

Kinematic distribution

Lepton pr Lepton 7 Dilepton mass Dilepton y

Runll Runli Runli Runli
CMS Preliminary Working in progress 138 b (13 TeV) 10° CMS Preliminary Working in progress 138 fb™' (13 TeV) CMS Preliminary Working in progress 138 fb™' (13 TeV) CMS Preliminary Working in progress 138 fb™' (13 TeV)
> 10°F —data 2 F —data 2 108k 2 —e— data
D = o) c
N, = [ Farail N, = [ Farail N, = 8 = 20
(2 107 [Noier =0 -zt I% bjer = 0 At 9 107 | bt L% 107 Mojer =0 -zt
- 106 I Diboson I Diboson - 1 05 I Diboson I Diboson
i) w w o w w
£ - i 7L - < 5 = -
e 10° B Single top 10 W Single top 2 10 W Single top 107 B Single top
w 4 QCD multi-jet QCD multi-jet o qp* QcD multi-jet QcD multi-jet
N O 10 ol 1yl 100k -l yy-ll
b — 10°F 1026
10° 10E 10°
10 1g
1g 10F
L = ____& L 10°
'-% —*data stat. ﬁswmula\inn stat. a@ syst. unc. ‘(—B theory (DY) @ theory % —*data stat. &swmula\ion stat. "@ syst. unc. ﬁ@ theory (DY) @ theory (tf) % —*data stat. "swmulation stat. xe syst. unc. ’@ theary (DY) @ theory (ff) % —*data stat. "swmulation stat. xe syst. unc. ’@ theary (DY) @ theory (ff)
By e 3 1 & 11 : : z 1 : : : : :
1
0.9 E 0.9 E 1 ‘ 0.9
20 30 40 102 25102 -25 -2 -15 -1 -05 0 05 1 15 2 25 60 102 2%10? 10° 2><1(Q: -2 -15 -1 -05 0 05 1 15 2
Lepton p_ [GeV] Leptonm m(up) [GeV] y(ug)
Run I Run |l Runli Runli
CMS Preliminary Working in progress  138fb™ (13 TeV) CMS Preliminary Working in progress 138 fb™' (13 TeV) CMS Preliminary Working in progress 138 1b™ (13 TeV) CMS Preliminary Working in progress 138 1b™ (13 TeV)
2 —+ dama 2 o5k —+ daa Z 10°F —+ data 2 —+ data
5 [ R A [ A [ Rrayl [ Rrayl
(‘2 10 -Nhhl 1 T2t g Nhle{ 1 Tzt 9 1 05 ’Nh]e( =1 Yzt g 1 06 Nh]e( =1 Yzt
z 4 B Diboson w . Diboson Ny 4 . Diboson w . Diboson
a 10 w w a 107 w w
S 5 34 5L 1 5 10° I I
> 10 B Single top 10 B Single top > B Single top 10° B Single top
w QCD multi-jet QCD multi-jet w42 QCD multi-jet QCD multi-jet
102 F 7yl 77l il -l
0 10
10 10% 1k 10
1E 107 g
2 L
107'F 10 10%
o o 1@ o 107°E . o
= 1.4 £ —-data stat. B simulation stat. | @ syst. unc. B @ theory (DY) ® theory () = 1.4 5 data stat. it simulation stat. - @ syst. unc. i ® theory (DY) ® theory (y = 1.4 - data stat. Bt simulation stat. = @ syst. unc. B ® theory (DY) @ theory (nﬂ = 1.4 E+aa\a stat. i simulation stat. © @ syst. unc. B @ theory (DY) @ theory ()
c 12 c 12 c 12 ‘ | c 12
1 1 -
0.8 0.8 0.8 ‘
086 R : : : 0.6 0.6 : : : : : | :
20 30 40 102 2)(1'?2 Gov -25 . 2 25 60 102 2102 10° 2)(183 -2 -15 -1 -05 0 05 1 16 2
epton p_ [GeV] Leptonn miu) [GeV] ()

» Currently working on understanding disagreement at N, >0 region 13



sin” 8., measurement with inclusive DY events

SR . 59 ib"l{2018, 13TeV)
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> App near Z pole is sensitive to sin” 0, D_,/ | \‘_

59 b (2018, 13 TeV)
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295m
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o 12f |
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sin” 0,;; measurement

CMSPreliminary 59 fb™' (2018, 13 TeV)
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sin” 0., measurement

Expected result

Previous measurements This study
Run ch | x* nb|sin®fl 0 |stat exp theo pdf
: , , Rl ee 552 66[1031431L73| 53 40 5 30
LEP + SLD - 0.23163 + 0.00016 16a uu | 662 66 | 665690 L 67 | 46 32 9 35
w m 16a ce | 67.5 66| 665747482 | 61 40 8 37
LEP+SLD:AG | e |0Rx0002 16b uu | 594 6666556072 | 49 39 9 35
SLD: A . S p— 16b ee | 53.3 66 | 665719L90 | 65 48 7 39
u . | 17 uu|635 6666570851 |31 26 9 30
CDF ee+up 94 fb” —s—— | 0.23221+ 0.00046 17 ee | 69.2 66 | 665644 £ 60 | 41 28 8§ 32
} - . 18  uu |51.6 66 |665672-146| 26 22 9 29
O T B T _ [EnRRen 18 ee | 735 66|665718+50| 33 23 8 30
ATLAS se+jip 4.8 0" . 0.23080 + 0.00120 Run ch| 7 nb| si0l, to |stat exp theo pdf
LHCb 3" - T . 16a eg | 277 28| 762081 £154 | 116 93 6 42
- - i 16b eg|171 28 |761981+164 | 122 101 7 45
CMS u 18816 — ol 0.23125 £ 0.00060 17 eg|197 28| 762022+94 | 62 58 8 39
. m 18 eg|199 28| 761838+81 | 47 52 9 39
ERENEEY | ——— |V R T6a eh | 208 35| 89545681 | 52 57 6 25
CMS ooty — . Tm 16b eh | 291 35| 895397 +95 | 63 66 6 25
R B 17 eh|355 35| 895536 +67 | 35 50 7 27
S P 18 eh|246 35| 895430+60 | 31 44 8 26

sin” 0% = 0.22222 1 0.00024.
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sin? 0,;, measurement with DY+bjet events

LEP/SLD average
. oo 0,b
» Two most significant measurements LEP - Arg ~O~  0.23221£0.00029 )
> LEP ee — bb SLD - A, O 0.23098+0.00026 d e’ 20 3 4.4
> SLD ee - U CDF —O— 0.23221:0.00046 q 2y e FB = 4 “°f f!
» 3 sigma deviation Do —0— 0.23095:0.00040
ATLAS O 0.23080+0.00120 o
one ) 0.28101:0.00063 - d Sinl;e
LHCb
——O0——  0.23142+0.00106 0.67 35
0.227 0228 0229 023 0231 0232 0233 d 0.94 06
sinzefi'l.
l 0.14 -7.9
v 1.00 0.0
. 2 4
AFB with b at CMS? b nof
Z 04F
» Challenges 02}
> DY+Dbjet event selection b* < 00
» AFB dilution due to high Z pT e -02F -1
> bjet charge determination G b ~04F u -l
ol dd - Il
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sin’ 6., measurement with DY+bjet events

DY+bjet event selection

> 1 tight bjet with pr>30 GeV . CMS Preliminary Working in progress _ 138 fb™ (13 TeV)
o 2 —a— data
> Veto additional loose bjet or cjet with @ 50000 S Dotz
pT>20 GeV . r ok
» 40000 B DYJetssS
> Veto additional jet with pT>30 GeV 3 E — )
w 30000:_ Diboson, WJets
> |Ap(Z,b)| > 1.6 I — g
N . W
> pr(Z2)>15 GeV 20000¢
> pp(Z + b)<60 GeV 10000}
» Missing E;<75 GeV .
(o]
2
oc
Signal Background P et D B T T
4 60 80 100 120 140 160 180 200

m(ll) [GeV]

Purity~74%
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sin’ 6. measurement with DY+bjet events

Recoil frame

» CS frame: use bisector of proton axes
» usual frame for AFB
» dilution at high Z py region

» Recoil frame: use bjet axis
> exploit bjet information
» Needs good bjet charge determination

Recoil-z axis

CS-7 axis

Recoil frame shows better sensitivity in this analysis

m [
' |
<, CS frame | | |
0.08"
0.06-
0.04+ —— Sin,, = 0.2330
—— Sin’a, = 0.23154
—— Sin‘s,, = 0.2300
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I A Ll
¥
3 = P iy ST
5 U; —
T =
£ E
= S A P P R :
60 80 100 120 140 160 180 200
.% i
< 181 - 1
I
... Recoil frame
0.14F
0.12F
0.1F
0.08
[ —— sirf, = 0.
0.065 ey
- —— Sin‘ey, = 0.2300
0.041 —— Sin'8,, = 0.2230
0.02;
I
o
2
5 o= — i
T -5
Eg1=o
e S A A A R S R S ST s .
60 80 100 120 140 160 180 200
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sin” .., measurement with DY+bjet events

bjet charge determination

displaced

jet// tracks

charged
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efficiency: 61%
charge-misID: 30% 20



sin’ 6., measurement with DY+bjet events

Sensitivity

> Very rough estimation
» sin® 6,0 ~0.222?740.00332 (Run2)

o LEP/SLD average
<0.18¢ : x2 fitting ob
0.16 LEP - Arg —O—  0.23221+0.00029
61 SLD - A, =0 0.230980.00026
|
I ] , CDF —O—  0.23221:0.00046
Do —0— 0.23095:0.00040
4 4 I
EC— ATLAS O 0.23080+0.00120
—— Sire,, - 0.23154 " CMS
— g;:i:: s 3 —O— 0.23101£0.00053
| +0.00332 Lcb
5 —O——  0.23142+0.00106
02} A
- v TE = ; : 2w s @z I | T TR U [T T N T N T T T N N T T S [N ST SN A T TR T R |
I i ' N ' 0227 0228 0229 023 0231 0.232 0233
B B - 2peff.
. D s,
g E D 0
g _2I§: T T T T T T T T
S 90 — E-iJ e T -léﬂ . -]40- - 150 . lElJ 00 0.224 0.226 0228 0230 0232 0.234 0.236 0.238
sin’g

Its sensitivity is much less than previous measurements, but
- First A measurement with Zbb vertex at hadron collider
- First Apg measurement using the recoil frame 21



Summary

» Differential AFB with and without bjet

> sin? Héff measurement with inclusive DY events
» sin? 0 = 0.27777+0.00024

> sin? Héff measurement with DY+bjet events
» sin? 6} ~0.27277710.00332
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» backup
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Forward-backward Asymmetry (AFB)

> Definition of App > Couplings of Z/y* to fermions
Parton level _ . o .
" f L= fiy*(TsgW,2 + g'Y,B,)f, + 9'Yefry*B.fr [Before symmetry breaking]
l (M frame _ = fiy# (T3g(ZH cos 6, + A, sin HW) + g’YL(AM cos 6, — Z, sin Qw)) fL+
9 q 9'Yrfry* (4, cos 6, — Z, sin ?w)fR [After symmetry breaking]
q 6 = (T3g cos 6, — Y, g' sin Qw)fLY“Zqu — Yrg'sino, [RV“ZufR
+(T5gsin6,, + Y, g’ cos Qw)fLV”Aqu + Yrg' cos b, fRV”AufR
l—
0: Angle btw incoming and outgoing particles "
cos® > 0, forward event (F) Coupling . . .
cos6 < 0 backwiard event 2
O — Op _fe_g g’
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Differential AFB

Efficiency scale factor

» Charge dependent efficiency
» Fine eta binning (An=0.1)

» Method
> |D efficiency: TnP fitting
» HLT Leg efficiency: TnP counting
» HLT DZ efficiency: dedicated method
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Differential AFB

fficiency scale factor
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Differential AFB

Vertex Z reweight

Vertex Z distribution
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Differential AFB

Pileup correction
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Differential AFB

QCD estimation
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Differential AFB

Photon-induced process

CM2 Preliminary Working in progress
10° — vzl
Tr—li

Events / 1 GeV
2,

Ratio

30



Differential AFB

Kinematic distribution
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