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\\\*\ EXPERIMENT

C“f\s &) W and Z production INFN

e Production of Z/y* and W via Drell-Yan process

- purely leptonic decays are a very clean experimental signature
- observables sensitive to both QCD and EW sectors of the Standard Model
- theory cross sections computed up to NNLO in QCD and NLO in EW

- total and differential cross-sections (absolute or normalized) are sensitive to the proton structure
(PDFs)

e EW production of Z and W bosons

- vector boson fusion, bremsstrahlung-like
and other diagrams

- sensitive to triple gauge boson couplings

-  possible new physics contributions

E. Di Marco 27 March 2019 Moriond OCD 2019 2



W\ &) EW teats, of the Standad Model (NN

<M \

e |[nthe SM, 3 parameters defines the EW sector mm Global EW fit

B Indirect determination
. €] fitter

SM

- U(1), SU(2) couplings and VEV: (g, g’, v) can be - Measurement

connected to observables My| @ e _
y .

-  e.g. attree level: w| e mmm
v|g] 1% g2 + g/2 My M, _.

My, = : M, = : costhy, = — L

2 Mz oyl | ——e—— N

- mass of the W (Z) measured at LHC and Tevatron (LEP) A e §
with millions of events A(LEP) | e
AGLD) | —e— W

siffo @ )| —e—t
sm2®'ept(Tevt )l —
- - A e

¢ The same 3 parameters regulate triple-/ quartic- A B

: : . A, | e B
couplings, but are measured with lower precision A | i

- weak mixing angle ©w from precision Z measurements

- sensitive to new physics Agg

|
e Higgs boson and top enter the EW picture through Rl .=
radiative corrections m| . =
. =
e

e Stringent consistency tests can be done via a global 3 2 1.0 1 2 3
EW fit (e.g. Mw - Miop - mn) (O ~0)/ o

tot

indirect
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CMS | £ Drell-Yar angulare analysis  (Cinen

e The 5D differential cross section can be decomposed as 1+8 harmonic polynomials
P.(cos8*, ¢*), multiplied by dimensionless angular coefficients A.(pt%, yz, mz)

- all hadronic dynamics and EW fundamental parameters dependence is in A;
lepton plane

do 3 doU+L
dp% dy? dm? dcosf d¢ ~ 167 dpZ dy? dm? (1.1)
X {(14—00320)4—% A0(1—3cos29)+A1 sin 20 cos ¢ b
! y
+§A2 sin?@ cos2¢p + Ag sinf cos¢p + Ay cosf T 0 &

Z <
+ As sin? 0 sin2¢ + Ag sin26 siné + A7 sind sinqb}. T LA P1 P2 y/

hadron plane

-  ATLAS has a measurement of Ao—A7 [JHEP 08 (2016) 159]. CMS reported Ao—A4 [PLB750
(2015) 154

e The path to full 5D is step-by-step in increasing number of variables

differential in: sensitive to:

di-lepton mass myy

| > proton PDFs
di-lepton rapidity yyp

dilepton pree higher order QCD predictions

angular distributions (cos6”,sin¢”) weak mixing angle 6w (and PDFs)
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e Measurement with 8 TeV data from ATLAS and CMS are more precise than the
calculations
-  violation of Lam-Tum relation Ao=A2 by higher order QCD corrections
CMS Ao 1971 (8TeV) CMS As 19.7 o (8TeV) CMS Ao-As 19.7 fo (8TeV)
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e ATLAS measures DY production w.r.t. 3 kinematic JHEP 12 (2017) 059

variables ;
d central on Z peak

dmfbﬂ d | yfl/ﬂ | d COS 9* 160:— ATLAS ¢ Data Oz — 1w =

) C {s=8TeV,20.1fo" [JZiv* — ee [PFakelept. ]
1401 Central rapidity e channel ~ N\ Pred. unc. [l7y—~ee  —
80 < mg, < 91 GeV [Mbiboson [ Top quark

Entries / 0.1

improves both 0w cpe s 120°
and PDF sensitivities sensitivity to Ow 100¢

sensitivity to proton PDFs 6of

OGN 1 O
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- the 6w measurements at colliders typically limited by £ ' gi\\\\\Q\\\&\\\\w\\\\\\&\\i\\x&\\x\\&\&\\i\\x\\\’\&\i\ﬁ
the PDFs i BB X M X B B B
Yee
- this measurement is designed to be simultaneously central-forward on Z peak
sensitive to Ow and PDFs S pAmAs o 4oma  EZrow
o000 e Sos W ]
- limiting the leading systematic uncertainties 5200005_91g<rf§‘i1yoez°caive Boweon oo et
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e 3 of 7 mass ranges shown JHEP 12 (2017) 059
* . . . . . .
e asymmetry between + cos6” (filled region) reflects parity violation in Z-boson decays
- asymmetry is zero and flips sign at myy, ~ Mz
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Fouvard-backwared adymmebry
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Apg(Mes, | yop|) =

do/ dmgg

E Central rapidity channel

do ob/GeV]

dmII

—
o
TTTTT T 1
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From 3D differential x-s, derive 2D, 1D integrated results:
dO/dmgg, 2o/ dmyy d |ygg|

Ars, which makes more clear the parity violation effects:

|do(cos 6* > 0) —

JHEP 12 (2017) 059

|do(cos 6* < 0)

|do(cos % > 0) + [do(cos 0* < 0)
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d’c
dm”dly”|
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Good agreement with POWHEG, with NNLO QCD and NLO EW K-factors
Large sensitivity from the electron channel with one fwd electron

possible to simultaneosly extract sin26e+ and PDFs with improved precision

E. Di Marco
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e Ars depends on the interference of vector and axial CMS simulation
currents go M8 T T T E
] < 06k PYTHIA 8 “QMA;
- at LO EW, sin26w =1 - mw/mz. [ LO NNPDF3.0 Aa“ﬂﬁ”rz
0.4F Yot a0t
- beyond, tree level couplings are replaced by effectiv : :
y i : _p 9 P ed y efe © 02 True Afrp Vi -
couplings, measuring: : A ]
0F v
2Nl _ 1 i ook E
sin“ 6. = k; sin” Oy, E s
—04:— AJDH‘}##/O ASS A CC ]
e Ars depends on quark flavor = sensitivity to PDFs osfirizec” “bb  eqq
_0_8_....|....|....|....|....|....
60 70 80 90 100 110 120
m; (GeV)
e 0*is the angle between the lepton and quark
@ 0.8 T T T T .
- at LHC (pp) use the direction of the di-lepton system in = _ | pyTHias -
the laboratory frame as the positive axis I b :
- dilution of asymmetry when not true 0ok Diluted Ars Affffzggasﬂ*
- vsYe YT

- quarks are mainly originated from valence and tend to

« 00<ly <04 ]

have larger x than antiquarks 0op <IN o 04<)|<08 -
. Feeat = 08<ly|<12 1

- dependence on PDFs from large-x antiquarks -04p 2 12<p]<16
_06F + 16< |y”| <2.0

- r 20<|y|<24 4

_0-8_IIII|IIII|IIII|IIII|III”I|IIII_
60 70 80 90 100 110 120
m; (GeV)
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e (CMS measures Ars in 6 bins of rapidity and 12 bins of dilepton mass (8 TeV)

-  Extract sin26¢f by fitting the measured Ars with different templates
¢ Using Bayesian weighting method with NNPDF3.0 replicas: wexp{x2/2}

- uncertainty related to PDFs reduces from 0.00057 to 0.00030 (factor ~2)

CMS 18.8 fo' (8 TeV) . CMS 18.8 (up) + 19.6 (ee) o' (8 TeV)
o 0.4 T T T T T T T T T T T T T T T T T T (ap) 220 L L L e e e
< 10.0<|y|<04 |04<|y|<08|08<|y|<1.2|12<ly|<1.6 [1.6<|y|<2.0 |2.0<|y|<24_| S B i
- 1 ~ ° ]
B 5 200 N ]
©
0.2 — N? - ]
L Nx B ° ° N
i 180 — o —
- : oo %o [ JPY :
(] [ ] o o
160 [— R P . -
N o i
uu : M L
140 _. P T I T T S S E T TR SO TR R T S S T (N SO S S U N T S |
02 " Nominal NNPDF3.0 ' Weighted NNPDF3.0 -
» S0 Entries 100 Entries 100 1
S T Mean 0.23102 Mean 0.23101 J
S 9ol StdDev 0.00057 Std Dev  0.00030 ]
- - [0 - _
T 005F s -
: - L B
g o O 10 -
[m) - o B
-0.05 n B
_70 90 110/ 70 90 110{70 90 110{70 90 110(70 90 110|770 90 110 1 g L Hrme
0.229 0.23 0.231  0.232  0.233

M, (GeV) sin6.,
EPJ C (2018) 78:701 e

Sin20. = 0.23101 * 0.00053

sin20ef = 0.23101 + 0.00036 (stat) + 0.00018 (syst) +0.00016 (theo) + 0.00031 (PDF)
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= EXPERIMENT

e ATLAS measures as Ars=3/8A,, fitting the Ai with templates (8x8 bins in (cos6*,¢%)
for each Yoo, Moy bin

- then As=a x sin20.¢ + b in each bin. Sensitivity enhanced by using central-forward ee

— ATLAS Preliminary

g 0.01 5—_ATL;|43 Prelirlninary | . Data B LEP-1 and SLD: Z-pole | | 0.23152 = 0.00016
Q C 8 TeV, 20.2 fb” « CT1I0 7 o [~ -
= - ] . CT14 i LEP-1 and SLD: A% —e— | 0.23221 = 0.00029
R 0.01—80 <m"<100 GeV s+ MMHT14 — SLD: A B —e—i | 0.23098 = 0.00026
GBT - " NNPDFST i Tevatron : ——— : 0.23148 = 0.00033
= 0.005— — LHCb: 7+8 TeV : o . | 0.23142 = 0.00106
< - m .\ l } |~ - CMS: 8 TeV B —e— | 0.23101+ 0.00053
oL %) _________________ %}I ______________ {H __________________ G'F'— ATLAS: 7 TeV K . .| 028080 +0.00120
- - ATLAS: et — o BB 0.23119 = 0.00049
- ] ATLAS: ee,. B e |0.23166 = 0.00043
-0.005 — ++++ ~ ATLAS: 8 TeV B — | 0.23140 = 0.00036
ol % et o2 L 023 0231 0232
v sin®0. .

ATLAS-CONF-2018-037

Sin20.f= 0.23140 + 0.00036
sin20ef = 0.23101 = 0.00021 (stat) = 0.00016 (syst) + 0.00024 (PDF)
E. Di Marco 27 March 2019 Moriond OCD 2019 11




CMS, | p
i 5@ PO W W'+ W mymme@ INFN

il
EPJ C (2016) 76:469 EPJ C (2017) 77:367

CMS,L=188fb"at (s =8 TeV <

a T T T T | T T T T | T T T T | T T T T | T T T 0_3 :_ ATLAS | EIZ 7I-I-Ie\|/’ I4_6I flb-1l—;
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I ] ] 1 ]
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0.15
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3

0.14 A

©
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i | ) P
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0.1; o= 1 " 5 g 0 0.5 1 15 22 PDFs
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\\\ EXPERIMENT
e QCD sector of the SM can be tested with associate V + jets production
- NNLO in QCD, NLO in EWK: theory has O(1%) precision, experiment often sub-% level
e Z, W +light jets measured up to 7 jets, good agreement with NLO QCD
- jet multiplicities test higher order terms, PDFs
- also studied correlations (e.g. m;, IAYjl...) sensitive to ME/PS matching, non-perturbative effects
modeled with PS, etc.
CMS 19.6 fb™ (8 TeV)
10§_‘ L E')atla' T T T T I_g
% 10° IATLAIS | | IW(—> ev)l+jets | _ i —— mgzja;?fP‘yng;TﬁO+PS) §
% g sosrenzoen o R e
+ 106 anti-ktjets, R= Q.4 _m— BH+S 5 = == a O
=3 5 P > 30 GeV, |y*| < 4.4 —¥— SHERPA 2.2.1 NLO = BE: E@E’E@E i >
o 10 T e SHERPA 2.2.1 LO =2 = S
10* SHERPA 1.4 LO g 10 E&ﬁiga - ¢
3 : —4— ALPGEN+PY6 C - == 3 o)
10 P & ALPGEN+HERWIG B - == 1 @
N 102 Y © 102 a'remtti-kT (R=0.5)_Jtets #% B <
N A = p™>30GeV, Il <24 = O
o 10 s % .(l_).u?}).-k.zlzj.et.s. | [ R (o)
35 1 B e T
o 10" 8 = N
S:l, 102 | | | 3 8
n % 1.4 E- | | | | ’ = E ~J
o Q 12 &~ - S S AT PSS R NP -
a -g 0.81 ?W s 14 E [C]Stat and SYSt UNCEI ... 3 8
% o 0.6 E— | | | | 5 _f 8
% 14 ;_ | | | | g
- % 1.21 f_@' |'GE) 8
® 08E
o 06 o
S 14F &
o 12 3 S
8 o0st z -
o 06 E z = E

>0 >3 >4

> > > >5
niets, W+ietS

>6

M
100

- - -
300 400 500 600

mTf,,jz)yW+ 22 jets
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EW Z and W production

W+2jets

35.9 b (13 TeV)

-e Data <1 tquark
HEW Wijets . S\‘;D
B Wijets -

Wi

- Ztjets
0 Interference

total uncertainty (syst. + stat.)

(data / pre

Anomalous couplings from EWK Z,V+2jets

L

EW W, Z production is one interesting mechanism

VBF understanding important for Higgs measurements and
new physics searches

EW production << QCD one, but can be disentangled

typical handles: two forward jets with high di-jet mass

ATLAS and CMS measure inclusive x-sec at 13 TeV

also used to constrain anomalous VVV couplings

cms

-~ Expected 68% CL
- —i— Expected 95% CL !

--i- Expected 99% CL
—— Observed 95% CL

5.9 16", /s =13 TeV

4 -2

0

2 4
Corvw /A% [TEV]

oW (Wijj) = 6.23 + 0.12 (stat) £ 0.61 (syst) pb [submitted to EPJ C]
oEW(Iljj)=534*20(stat)+57(syst)fb [EPJ C (2018) 78]
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—6— Data (EWonly) 13TeV N\ MG5_aMC (QCD-Zjj) + POWHEG (EW-Zjj)
—A— Data (QCD+EW) 8 Tev 88888 ALPGEN (QCD-Zjj) + POWHEG (EW-Zjj)
—A— Data (EW only) 8 TeV I PowHEGH+PYTHIAS (EW-Z]j)
POWHEG+PYTHIA8 (QCD+EW Zjj)
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_Vs=8TeV,203fb" b _
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N
//§,§

Fiducial region

Phys. Lett. B 775 (2017) 206

E. Di Marco

27 March 2019

Moriond OCD 2019

14



by madd INFN
\\\\ EXPERIMENT
¢ Valuable consistency check of the SM t
w w
2 ~ (O | N
m o | mw particularly sensitive
m%, . = (1 —_— ’ p Y
m% G H on Mtop and MHiggs
H w / ‘. w
"
Amé‘}/zeory = 8 MeV < Am&fp = 15 MeV improve on mw
Am" = 2.1 GeV > Am®® = 0.76 MeV need Amw /[ mw ~ 104!
t ‘ t ‘
e Measurement at LHC affected by PDFs more ..
than Tevatron (need sea quarks in pp VS pp 3 | e anass cLoomous e ]
collisions) L ey messwomrts || s logusm, 080
— I Direct M,, and m measurements ' ]
- 25% of W produced by s and ¢ quarks (vs 5% at 80.45 & 3
Tevatron) - ]
80.4 —
-  reduction of PDF uncertainties vital ! T J
. 80.35 — mzz 20&1)?3'7:9110 0.013 GeV :
e First and only mw measurement at LHC so far - ; -
from ATLAS 80.3 |- | E
- 2 template fit to mt(W), pr(lep) 80.25 f_M@@? | N @ :
- but none of the variables is Lorentz-invariant: B R oo e e a0
modelling uncertainties of longitudinal (PDFs) and m, [GeV]
transverse (qgr) d.o.f. in W production
E. Di Marco 27 March 2019 Moriond OCD 2019 15
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= &) ATLAS W masd nedult INFN

e precision 0.02%, dominating uncertainty from theory: QCD, PDF EPJ C (2018) 78
- mw=280370 = 7 (stat.) = 11 (exp. syst.) £ 14 (mod. syst.) MeV = 80370 + 19 MeV

-  ATLAS measurement competes with Tevatron combination

Combined Value Stat. Muon Elec. Recoil Bckg. /QCD \ EW / PDF \Total x2/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc.| Unc. |Unc.| Unc. |Unc. | of Comb.
mT-p%, W=, e-u | 80369.5 6.8 6.6 6.4 2.9 4.5 8.3 5.5 0.2 / 18.5 29/27
x10° —
> 220 F T T T T T T Y L AL L B L L LI L LR B
o 200 ATLAS » Data E g O08ATLAS - —e— Data =
o = . 1 ., = 0] = (s=7TeV, 470" : =
o 180 E Vs=7TeV, 4.1 MW - u'v = = 0.07 E opZ4X —— Pythia 8 4C TuneJ
S 160 &= []Background _= _8.'_0 06 E- —— Pythia 8 AZ Tune 3
—~ 140 E ¥?/dof =20/39 3 S E 3
) - 3 © 0.05F —
€ 120 — o B =
g) 100 — = 0.04 = =
W 80 — 0.03 5 —=
60 = 0.02 B =
40 — = =
20 - 0.01 — —
5 102 S — + _______ = £ 14 :_A_.__‘___—A—‘—L—_A_—A—_-
9 101 E_ ___________________________________________________________________________________________________________ _I_ __ | _ | _ | ____________ e 105 E___ """""""""""""" _6__—':—_A:———— """"""""""""""""""""""" =
o 1%++++++-|— _|_|-+++'1_|'++'|'+-[-+++-|__|— """""""""""" -I_ -I_ £E o0 951 §_ .................. - L—__' ........ vvv .................... _____-
B e 5  0.95 F
& 0.98 Eomyrr R R e e e e —— & 0-90:— """ 5
(QU 30 32 34 36 38 40 42 44 46 48 50 I
| [GeV Z delli Py [GeV]
p._[GeV] pt(Z) modelling

pt* in W+ events

e |vioQelling uncertainues scenarios: It WUD scales are correlated among quark flavors, but uncorrelated
between W and Z, systematic on mw ~ 30 MeV

- way forward under study at LHC EW WG: advisable a less model-dependent Z to W extrapolation
- direct measurement of pt(W), W angular coefficients (e.g. low PU data taken in 2017)

- e.g. PDF in-situ constraints from W data (e.g. JHEP12 (2017) 130). More finely grained W pr in the low pt region
E. Di Marco 27 March 2019 Moriond OCD 2019 16
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| EXPERIMENT

A rich research program is being pursued at the LHC

Given no direct indications of new physics, EW sector is the main area
for tests of the Standard Model of particle physics

LHC Run2 has just endend. Only a fraction of Run2 data has been used
for EW measurements

- expect a stream of precision measurements with 13 TeV during the LHC
shutdown

Several improved theoretical calculations exists

Advanced experimental techniques aim in a reduced theory-dependent
approach
- a measurement becomes a full program of simultaneous measurements

- sometimes it will require full Run2 statistics, it always takes time

precision may be the path for discoveries

E. Di Marco 27 March 2019 Moriond OCD 2019 17
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e (CMS and ATLAS results consistent with the mean value of LEP and SLD and other
available measurements

= A@ Cuweeent din ?Sw meaditeementd ¢ INFN

- statistical uncertainties still dominate

Run 2 HL-LHC
T [ T [ [ T
LEP + SLD o 0.23153 + 0.00016
— — 102 CMS Phase-2 Simulation Preliminary 14 TeV (o
LEP + SLD: Ay —0—i 0.23221+ 0.00029 2k ' -
— —] Z (- - - - T~ - --- - O -------- o---R--- O ----0------ O---0---O-f------ Sca
SLD: A, — O 0.23098 + 0.00026 B
D
I _ S
CDF ee+up 9.4 fb” — 0.23221 + 0.00046 s | ST
L ] s N
DO ee+up 9.7 fb™ — 0.23095 +0.00040 | Tl S T
| ] 10 — — 10
ATLAS ee+up 4.8 fo - ° - 0.23080 + 0.00120 - N
1 — — B i <2.4 Il <2.8 ©- ]
LHCb pu 3 fb ' ® ' 0.23142 £ 0.00106 - —e— Statistical —o— Statistical °1
p [ o B —e— NNPDF3.0 nominal —e— NNPDF3.0 nominal |
CMS pp 18.8 b : o . 0.23125 + 0.00060 , ,
. ] —e— NNPDF3.0 constrained —6— NNPDF3.0 constrained
CMS ee 196 fb™ = o = 0.23056 + 0.00086 1 U : T ' T g
- ] 10 102 103 L (fb-‘])
CMS ee+ — e 0.23101 + 0.00053 int
HH | . | | A CMS PAS FTR‘17'001
0.23 0.231 0.232 0.233
. 2n1
sin eeﬁ

e Measurements at the LHC will improve with Run 2 data and beyond

e PDF uncertainties could be reduced including more recent LHC data and performing a
global fit
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e PDFs affect Arg mainly off the Z pole, with opposite sign below and above Mz

e Max sensitivity for sin28es for myy ~ Mz

¢ Using Bayesian weighting method with NNPDF3.0 replicas: we exp{x2/2}

uncertainty related to PDFs reduces from 0.00057 to 0.00030 (factor ~2)
- equivalent to ATLAS profiling of the PDF nuisances

200 CMS 18.8 (uu) + 19.6 (ee) fb ' (8 TeV)
— 1 T 1 gt T T T o ToTT T T T T T T T _po-T - ™ [T T T T T T
i 8sin’e . = £0.0004, +0.0008, £0.0012 .--~" .-~ "-7] < i
|- 2% //:,:;Z/' - I B ° 7]
= NNPDF3.0 uncertainty . 5 200 —
0.005 F= 2 f’ . i
= 180 . . =
B oo ® 0 o i
[ ] [ ]

@ 160 [ R £ Y vl —
L L o _|
E - ¢ ow*’. LU + ee -
0 L EE— S

i Nolmilnall NNPDFSO """"" Wefgﬁted NNPDF3.0 -
w29 Entries 100 Entries 100
« [ Mean  0.23102 Mean  0.23101 ]
3 50l StdDev  0.00057 Std Dev  0.00030
(O] = i
m - _
~0.005 " [ ]
O 10F .
o O ]
m, (GeV) 0229 023 0231 0232 0233
20/
EPJ C (2018) 78:701 SIN“Bey
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QCD gector of the Standard Model

INFN

.l
e Zand W + jets production can be used to test high-order QCD calculations
- the DY process almost factorized wrt the strong interaction production 1 ek N _Tal
esummation Transition FixedOrder
- LO predicts W and Z at rest )
="
o
- the transverse boost of the V (=W, Z) can be modelled: 0y
- at small pr needs soft gluon emission: resummation (non perturbative)
-  higher pr, with perturbative QCD —
e Many measurements of V+jets at LHC are compared with the most recent calculations:
- NNLO in QCD, NLO in EWK: theory has O(1%) precision, experiment often sub-% level
o Vector Boson + X fid. Cross Section Measurements  status: march 2018
November 2017 CMS Preliminary —— T —
E' : ‘ \ m 7 TeV CMS m:gzaz:g:t (L i 5.0 fb'?1 v Theory
2 EE. \ l"\ g :;?;I' '?'XVC(';AI\ZS ?easureme;'glzf; gseg?b)1) 4% 7 LHC pp V5 =7 TeV
b N A - e ] s _ Sth;lta
o I S T T T S T T S A A A ~Z+21j stat @ syst
IS SEREEEEEEEEE RN SRR L 7452 LHCpp ¥5=6 Ta/
(@p) = 5 —Z+ 24j LHC ppD«/f= 13 TeV
7 CEE S T W A N S S S A et S N S R iish _zgissyst
O o
O S T O I L N - W ev, v
SWE L NWELNNY WE Y N E Wi
L S A O |~ S — + > H
g10—2 e I N :w::_‘;gi
O —~W +1b + >1j
O,A3 —W +1b + >2j
0_10 W.,Z - qq
o(W)/o(Z) (fid.)
1074 “5
% —— ATLAS Preliminary
_5 -24j N
10 r+s,.r, ., nrnrr,r,n.....o.._o - rmrmrrrrbr o r>rrrr.rrrrr—t,r1 | o1 | O'(tE)/(r(Z)(tot.) : Run1,2 ‘/§=718’13Tev
All result; at?htt}:)://;:err;.ch;go;pNj7 Fiducial W,Zand H s i Wosiv Zol Ho and inemti séecton ) 0.6 O!8 | 1.0 | 1!2 | 174 | 176 | 1!8 | 2?0 |
data/theory
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