' queenMay - QCD measurements at the LHC

+ Large field: S O T T aras e S
» Hadron physics ...  tonmnd
+ HF spectroscopy e
+ Quarkonia production  CMSeimnay  ssom(aTeV) b e
+ Exotic multi-quark states ?Ol I : D%uu%';;h
» Soft QCD 3 S S
» Exlusive, diffractive processes o 1 : © my 16
+ Multi-parton interactions L .
+ Minimum bias interactions R . | I
: 2 2 180F E
+ Total pp cross section e i Ziop
05 it g MOF _Totm E
LT e S120F —Signal i
+ Hard pQCD & PDFs - g 100p - Beckeromnd
+ Jets, dijets, multijets S o0
+ alpha_s measurements 20f +
+ W/Z +jets production B

M a(Eee) [MeV/e?]

+ Photon production
+ Inclusve W/Z production

+ Boosted topologies This talk constitutes a biased
selection of recent measurements

Top and HF — see dedicated sessions
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W Queen Mary Observation of =.;*

University of London

+ Constituent quark model predicts

three weakly decaying double-charmed states RS ey Suattat st !
y deeaying > 180F 1 HCb 13 TeV
+ LHCDb 13TeV: Reconstruct =++ 3 AT K—gr+xt § 160
. a = : = 140F +Data
with AT — pK 7™ §14 —Total
# Background estimate using wrong sign T T o 120 --Signal +
| | o o & j0of --Background
+ Selection exploits longer life time, Multivariate selector g - 7
¥+ Local signal significance > 12 o g + ‘{' .H + I
Confirmation in Run1 data set (8TeV) O 60 3 I _H.I.
40§ }
20
Bl 07 AN, IO,
3500 3600 3700

m_, (Z4H) [MeV/c?]

arXiv:1707.01621
+ Mass measurement:

3621.40 + 0.72 (stat) & 0.27 (syst) £ 0.14 (A}) MeV/c?

+ Width determined by experimental resolutio
ifetime/width consistent with weak decay

Particle Data Group: Quark model

Ulla Blumenschein, LFC17 WorkShOp, Sept 11" 2017 e



Q qeeniary  Exclusive di-muon production

—E e -
+ Selections: 2 muons , avoid Z peak region 5 5 "
track veto in z window around PV, acoplanarity fit i 2 T

+ CMS 13 TeV: matched with a proton tag in the new CMS-TOTEM CT-PPS
protons close to beam detected in RP, 210m from IP
— First evidence for proton-tagged semi-exl. dimuon production: 12 events

*+ ATLAS 13 TeV: insufficient suppression of absorptive effects in Superchic 2,
data prefers finite-size corrections

CMS+TOTEM Preliminary 2016, Vs = 13 TeV

E 14_ T T T T T T T ™ 38 T T T T T T T T L LR I
L|.|b C ® ATLAS\Is=13TeV,12< m..< 70 GeV = r LHC Run-Il, pre-TS2 ]
< 13 o CMS\“s=7TeV,me,>11.5GeV ] > s B*=0.4m
g - ATLAS A ATLASIS=7TeV,m_ >20GeV - o - 370 urad
e T Y ATLASIs=8TeV,m  >45GeV L x = foprad
b 1.2 :_ —— EPA + finite-size correction —: L se ]
e SuperChic2 . = Clor 95 -
1.1 I Stat. uncertainty —] 2= %y o ]
- F Stat. @ syst. uncertainty — - ° . .
- Theo. uncertainty ] ok o ]
1= — B

: S : : - :
- — 2 [} —
09 - 4} -] - ‘6 L] u
- B B . P € 7
0.8F T ] -4 e Data (up) -
C ] - ] No acceptance -
: 7 6 ‘_ [_]Acceptance in 210-N ]
0.7 i —] - [ Acceptance in 210-F i
C ] - [ Double arm acceptance
= L L L L L L L e -8 Lol 1 Lol I Lol ]

10° 2x10°  3x10° 5x10° 10? 10° 10° 10°
arXiv:1708.04053 <m, >/ \s CMS-PAS-PPS-17-001 M) (GeV)
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\Qf Queen Mary Track-based UE

Probe performance of Run1 MC tunes, provide data for new UE tuning

* ATL AS 1 3TeV, 1. 6 /nb leading charged particle
*+ Angular distributions of energy /particle flow wrt pT(lead), AD, N(cha)

+ Track pT> 500 GeV, |n| < 2.5, pT(lead)>1GeV '
*+ Divide the phase space to discrimitate sources R
¥ Compare to Pythia8 (A2,A14,Monash), Herwig7 (UEMMHT), EPOS (LHC) 50" < it < 1o0r > 00" T < 1"
+ Measurement precision 1%, best models describe the data to 5% a0 S a0
%‘ 1'3: ST Ill T T ] = 1.5:' L L L B T [ R
% 1.2:— Transverse region ‘ ATLA? E (3 1 4 Transverse region ATLAS
o [ P 0.5GeV, n| <25 \s=13TeV, 1.6 nb™ 1 ~ F p >05GeV, <25 \s=13TeV, 1.6 nb™ ]
g o POV g e "%F ps1Gev E
S o © 12K - "-i
~ 1F \E/ C iy
E 1.1;—
0.9F 1E
0.85 == ‘ 7 0'92_ .
A4 Ezmégs Monash - 0.8 « Data —~ PYTHIA 8 Monash ]
0.7 — PYTHIA8A2 - Epos - I - PYTHIA 8 A14 --- Herwig7 ]
] 0.7:— — PYTHIA8 A2 ----- Epos E
g g e | | | | '
3 5 B
K9] ~ .
:
=
| | 1 P |
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I5H“10HH15HH2OIIH25IIHE;O
swiceyy  JHEP 03 (2017) 157

N, (Transverse)
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W queentay  \W/Z cross sections and PDF

LHC 13 TeV Kinematics

ATLAS/CMS and LHCb e
measurements complementary ..fi== crrs
1o [] =1 Fixed Target 4
¥ CMS: 13TeV DY cross section - P ;

+ Probes 15 < m(ll) < 3000 GeV ¥+ LHCb: 8TeV W cross section and

'k

W charge-asymmetry Sk

+ Precision up to 2% N 3
2-4.5
*+ Probes for 10-4 <x < 1 d i
P 0 1wk
¥ Compare to FEWZ+NNPDF3.0 +Ew ¥ Precision 2% 3
and MG_aMC + NNPDF3.0 ¥ Constrains u/d PDF forx >0.1 :
281" (13 TeV) e T R T R T LR LA (LA i “_i-
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10F . B . v NNPDF30 ]
-g 107k T, - R o MSTWO08
IRl g Rt 1 TavaTy 5 ABMI2——
104F s - . -
(gsE —e— avoanLo T - gry¥ey e HERAIS -
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9 s [ Stat+Syst. | ]
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W aeenVay — \\/Z cross sections and PDF

¥+ ATLAS 8TeV: 3D DY (2) cross section: m(ll), Y(ll), cos©@*
*  m(ll) 46-200 GeV, Y(Il) <2.4(3.6), AFB in Y(II) bins CATLAS protiminary S, 7 2@ © Da ;'_ -
¥ Precision up to 0.5% for central, Z peak e b corany R e e e S

80 < m, <91 GeV =" Ac Prediction cos6*[+0.0—+0.4]
¥+ Data agrees with Powheg v1+Pythia8 + CT10
+ mass dependent NNLO +EW k-factor + A, reweighting
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+ ATLAS 7TeV: DY cross sect. (W+/W-/Z) vs Y, m 46-150 GeV
¥ Precision of 0.5% —

-
IIIIIIIIII

+ QCD fit: unsuppressed strangeness ATLAS-epWZ16 § 1ep MmDamePred [ 0m0s=07) . =
_8_ = - - - - P —‘——g——o——o—‘— __—E
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2 = - e eme -
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5 m¢ TR e P, >20 GeV 1 B B e A e A e A e e
o} % T oAt ¢+0A¢+ ¢+<>A gl - £ 0.9E- —
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60 + Aoz = B oo RS Re R ie s
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4Of<>JR14 - = 1R B e e ooy oo
= | E oo S
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\Q/ Queen Mary V+jets

¥+ V+jets Important background for Top/Higgs/searches
+ Probe pQCD, PDF
¥+ Large theory progress: NLO revolution, NNLO calculations, ME+PS@NLO, EW corrections,..

+ With higher cms energies and more data: sensitive to EW corrections and collinear V emissions

= 227 (13TeV) | a?_:MGHFqua [£2{NLD + PS)
. & Lf MG_aMC +PY8(<4/LO + PS) S 10F — =
¥ W+jets, CMS, 13TeV 2 10 B N MO 3 S ATLAS Prellmlnary
. = < 4L —— Is=13TeV,3.2fb"
+ Reduce top bkg with b-veto g 2.2/fb, 13TeV 8 1 s oode
*+ pT(j) > 30GeV ® 10 i § o' e e E
102 —_— B~ L e E
+ NLO ME perform better Lf antk; (R =04) Jets S10%E ad E
. 107°¢ p”'}BGGeV V<24 - N s
Good agreeement with NNLO = Wzt B ;
& 155 MG_aMC FxFx (NLO) = PP oY +jet+X ]
_ : : 10+L El > 125 GeV e
¥+ Isol. y+jets, ATLAS, 13TeV ¢ T : . ]
ET(y) >125GeV, pT() >100GeV © . prrmr e £ RS>
> > F F . 7 b=
* (Y) 5 e H p (J) e § 1_55— % 1%%%% U/////W»W/ﬂ- O/W %Af
+ Compare with LO+PS, § L = ost E
Sherpa Multileg LO/NLO # 05 = st e, gen 200300400 d otle ad1fgg Vi
fixed-order NLO (Jetphox) g "5F NeuNNLO ! ATLAS-CONF-2017-059  °'T
N N S ey s SO IINIIIY - s S I IIIGET
+ NLO ME perform better : e
0.5 |:| Sysl. stat. url: tgen]

' +
LO MUItIIeg better than LO PS 10[} 20[} 30[] 40[] 50“ ﬁﬂﬂ 700' Plﬂﬂ ann arXiv:1707.05979
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O ey Diboson + jets: ZZ at 13TeV

+ ATLAS,CMS 13TeV _

+ Important background for VBS ZZ etc. - gr':/'lgmary

+ Select two on-shell Z, leptonic decays = |

+ Compare to generator predictions: B 9

+ ME+PS with higher jet multipicities [
performs better than NLO+PS

35.9 b (13 TeV)
, 2

I
+ Unfolded data + stat. uncertainty

1 9o,

O,
fid deets

IIlIIlIl

RN

. 107" =
+ More recent generator versions perform better - N
L MG5_aMCatNLO+Py
- Powheg+MCFM+Py
> ' . ' ' —1 S "I MadGraphs_aMCatNLO+MCFM+Pythias. p-value = 0.019
ATLAS Preliminar s=13TeV, 36.1fb = SRR ANCAtNLOICT I+ Fythiad. pvalue = 0.
8 ol iminary /s ! ;E o Eaees
q 7 ~ ¢ Data o -
——r NN é s Total uncertainty 0.5 C ) X . , .
™ Systematic uncertainty € "L Powheg+MCFM.Pythias. p-value = 0.078 ]
+ 10T ey —— SHERPA E I S s N
a ) ﬂTf'i_L ______ POWHEG + PYTHIA s I NS
s M v (SHERPA gg & ZZjj) o C “\N&%&\ NN
7 - 7 @ ------- i 0.5 - - - =
R lssmmss ] 0 1 2 =3
5 i et
T [Sherpa, NLO 0-1p, LO 2:3p | CMS PAS SMP-16-019 Nis (N7 < 4.7)
g QO Z 10-sL Powheg+Pythia, NLO+PS i_ ______ f‘ _______
©
‘ ! w TS [ :
_ © Yy ;
g Q0 )—= 7 \ 1.0 I7 7 AL —
go) T H
G_) : ..............................
=~ 05 , \ ! : ]
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Jet scalar pr sum [GeV]  x1 As.CONF-2017-031
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W aeenMay  QCD studies in Higgs events

Probe pQD, validate model assumptions used in H selection

arXiv:1708.02810

+ CMS 13TeV:

%’ 007F atLAS | " 4 Dam =
¥+ Uncertainty statistically dominated 0 E H—2Z' =4 [__| Sisnsiiin S
. . _— 8 006 13Tev,36.1 " B MGS FxFx K =1.47,+XH  —]
+ Consistent with generator predictions: = E NNLOPSK =1.1,4XH 3
FY C | t t -"—f- 005— | = eemees XH=VBF+WH+ZH+ﬂH+be—':
Omp cte . s€ EQ,'_ 0045_ p-value NNLOPS = 18% _E
+ ggH modelled with Powheg - - i = p-value MGS FxFx = 37%
p 3 0.03— I —
CMS Preliminary  35.9 b (13TeV) : A |
o) i | | | | T i 0-02:_ . =
= 3 H— Yy LHC HXSWG YR4, m =125.09 GeV - I =
—~10°F " E 0.01— + -
% - + Data 9gH aMC@NLO + HX ] L R e '_ « 3
;}—3 : ggH POWHEG + HX : > 0 : : : I —
2 : a 2.5 .
© 10 §_ ______ Qﬁ//,// HXaMC@NLO E 8 ol I B
- N ] g 1.5 I I ' —
g | il IS TV I R
10 % 3 8 os- -
- S T } * 30 T 55 75 55 380
= — . lead. je
18 = _ Py [GeV]
| | * W\\\\\\\\\\I\\\\\\\\\\\\\\\ﬁ ¥+ ATLAS 13TeV
+ Uncertainty statistically dominated
T 25¢ 5 .
R  —— - ¥+ In general good agreements with
% 1“:—; ;_ .... Z///% ..... l_T/////// ....................... %ﬂ— ................ / _/M/”:% * ggF MG5 FXFX (O_2p atNLO) * k-N3LO
] [ ’l/ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ AT e 3 > ggF Powheg rew. with HNNLO * k-N3LO
% QE s s s . E
§ 0 ! 2 3 >4 + Worse for high Njet and highpT(jet
CMS-PAS-HIG-17-015 Ny (Il <2:5) I ghpT (et
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' Queen Mery ZIy+ c/b

+ c¢/b PDF, intrinsic charm, flavour scheme, background to searches.

¥+ Extraction of signal:
+ ATLAS, 8TeV: y+b/c, combined fit to b-tagging discriminant 9 wovo—— Q
+ CMS, 8TeV: Z+b/c, u tagger, fit to vertex mass & D reco, fit to vertex probabiity

*+ pT(V), pT(q), pT V+b/V+c, central/forward

+ Z+b/c: Good agreement with MG (LO, NLO) ME+PS, bad agreement with MCFM
+ y+b/c: 5F better than 4F, Sherpa best agreement, data agrees with all intrinsic ¢ models

CMS Preliminary

19.7 b (\s = 8 TeV)

l{l;_l— 4 | ! o ! % I ;IATLAS Preliminary _; © 1 0_ T T T T ' e
S ® Data 0] Vs=8TeV,458pb"- 202" = g . ATLAS Preliminary |1
= o0 MADGRAPH o) — [n'] <137 =T 5 9OF ®  Data2012 H
o) O MG5_aMC | = e P Sherpa s=8TeV,458pb"-202f" []
lil_ 3L A MCFM (MSTWO08) | f e T+b T Pythia y+c B
) < MCFM (CT10) K] Data 2012 o T O . .

b < MCFM (NNPDF3IC &} uu,u . E .E C MG5_aMC+Py8 @ NNPDF3.1nlo PC 7
E I ( ) © Sherpa mdr.:r.!..'..'. . I 8 7 :_ MG5_aMC+Py8 ® NNPDF3.1nlo FC _:

NF}— - s Pythia ’E; © 6 o MG5_aMC+Py8 ® CT14nnlo _E

_8— 2 5 + = MGS5_aMC+Py8 ® NNPDF3.0nlo 5F T E MG5_aMC+Py8 ® CT14nnlo BHPS1 ‘ IE

- O m = r .
= i & i MG5_aMC+Py8 ® NNPDF3.0nlo 4F = BF MGS5_aMC-+Py8 ® CT14nnlo BHPS2 H
$ w v A% © ; - C b

N [ v £ 4F = =
N Q T A = S e o .

b 1 — ] 5 - e T s 3
o - - 3k e st e vl BE O 3
— - —}— Stat. uncertainty fo m * ]
B Total uncertainty 5 2‘_ ) -
O 1 1 1 1 J 1 il 1 1 I 1 1 1 1 l 1 1 1 1 ; . E ; : | :
E__ . " | L . = 4C ] 1 ] L1 u
0 50 100 1 520 200 30 40 50 60 100 200 300 30 20
pz [GeV] E! [GeV’
CMS-PAS-SMP-15-009 CERN-EP-2017-217
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\Qf Queen Mary 2 and 3D jet cross sections

University of London

Sensitive to PDF, pQCD, as ATLAS.CONF.2017.048 NLO, NNLO
_ _ % 12: ly|<0.5 ' v 3 % - F 15<y<2.0 ' E é;’l%érs
+ ATLAS 13TeV 2D incl. Jet cross section (pT, Y), o £33 Qb by 3 Y
126, Lo 2 2 R ittt 1 3| Lot-s2
S iEbEi i syt S E g E
+ Probe NLO and NNLO (+EW+NP): (N)NLOJET ~ 8..f 3 8. E
 osfF 4 F ok 3 .
+ Data agrees better with NNLO with pT(jet) scale 15E 05<yl<1.0 1 IF 20925 o ant A=0.4
Large sensititivy to central scale choice V3B E ﬂ { Dew
. ; Y . e e ] " -++H++++H++i*\‘m###mmﬂ_ . 1'21E_J:+‘+*+*+*+Wgﬂﬂmmfmﬂﬁ 3 noacen
¥+ Fair agreement with NLO in individual y/pT bins 0aF A :g@kfw@_k:e‘
Strong tensions when considering all bins together s/ /55 T °F 25<y<30 MSLO '
:I‘g: : ZZE _ + MMHT 2014 NLO
— similar to 8TeV results: JHEP 09 (2017) 020 g T UM R B uf T‘ 14 o
3 ] 15—;‘ et pepettft _ MMHT 2014 NNLO
1.6 T T ‘ ‘19'7- fb_-l (s TleVI) 0:71-62 2x102 1(I>3 2x10° - ° ;_62 2x102 153 2><10_;
CMS p, [GeV] P, [GeV]
14t 1=syp<?2 1
Ll 0=t | + CMS 8TeV 3D dijet ross sections:

- PTav= (pT1+pT2)/2, y*= |y1-y2|/2, yb + [y1+y2]/2

+ Compare to NLOjet (+EW+NP)
NLO Powheg+Py8 +CT10, NLO Herwig7 + MMHT

o
o

EZ74 Experimental uncertainty e

 CT14 - NLOBEWSNP = *+ Central: Herwig7 better, Boosted: Powheg better

o
o

=== MMHT 2014 — NLO®EW®@NP
ABM11 — NLO®EW®NP

200 300 500 1000
PT.avq [GeVI + Very competitive measurement of a g

Ratio to NNPDF 3.0 — NLO@EW®NP
=
o

I
~

*+ Constrains PDF, in particular for high x (boosted)

arXiv:1705.02628
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Y Queen Mary Jet mass with jet grooming

+ Motivation: use jet mass to identify hadronically decaying heavy
SM or BSM particles, ideally unbiased by soft effects and pileup

+ CMS 13TeV: Select +- balanced dijets events, AntiKt8 (pFlow)

+ Recluster with C/A, decluster with soft drop condition: :
_ ’ P min (pi, Pt AR;\ P
* Uncertaintes: JES, JER, JMS, JMR, MC model (P + Pr)) ut \ Ry
+ Compare normalized cross sections to generators and Here: z=0.1, 8= 0 ("mass drop
+ fixed-order calculations: (SCEF) LO+NNLL,
¥+ Good agreement for m/pT ~ 5-30%
Groomed jet mass
Ungroomed AK8 jet mass: Sudakov peak c CMS Preliminary 2.3 (13 TeV)
CMS Preliminary 23107 (13 TeV) 2 00 A S
S 00125650 < p_<760 Gev S 0ok [ Stat. + Syst. Unc.
— N [7)] : = Stat. Unc.
§ 0.01 N ¢ Daa § - :l Pythia8
% - E-“-IIET..'-J. [ stat. + syst. Unc. O 0.015— N e HERWIG++
© 0.008 [~ i i [ stat. Une. 2 = : POWHEG + PYTHIA8
o n Hlt.lﬂi i ----- Pythia8 NP <> % 001 ;::- \\\\\\ 3:22:1?;{ al
§ 0.006 : i,..... == HERWIG++ = o \
é 0.004 ;_ i ,....! ----- POWHEG + PYTHIA8 ;D 0.005 ;— = d
2 0.002 fepanud " 0"
= - > 1.5¢ o
oL | i PN 1 g £ 1k - Nﬂ? ~
E, © 15; IIIIIIIIIII N .ﬂj--.l E o 05 5.'..'.',',';&1\'%\“ ! ool L h R |
8 *(E 1 —q.qvn"""""""""""""“ 100 1000
10 05 C Groomed jet mass (GeV)

o

L L L N S TR R |
100 1000

Jet mass (GeV) CMS-PAS-SMP-16-010
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Q aeenMay  Multijets: azimuthal correlations

CMS Preliminary 35.9fb™ (13 TeV)
ndets >3 o Pythia8 CUETPSM1
Anti-k, R =0.4 o Herwig++ CUETHppS1
Exp. uncertainty s MadGraph + Pythia8 CUETP8M1
+ CMS 13TeV: _
Test predictions for multijet production v 057 oo o 3
1 bt Bot ‘D’D’D'ﬂ“:"'ﬂ'ﬂ*ﬂ—ﬂ-ﬂ,ﬂ E A——A_gﬁgk o -D—-CI—D— - ¢
+ Normalized A®(j1,j2) for 2-4jets @ oo s e Y
Normalized minA®(j,j) for 3-4jets g o7 800<p <1000 Gev *:-?—_ PR >1000GeV ¢ ]
o L L L L L L
+ Dominating unc: JES,JER, A® resolution O 13bo (1 o]
-Ei 11*3_3—%% T g a oo E:$ *—A—:_g** OO o tonog o™ . *{E
*+2-52L0,2—-2/3NLO, 2 — 2/3/4LO oo W oty e
0.8F 0o o JE E
.y . .y . 7E 600 < p™ <700 GeV < 3E 700 < p™* < 800 GeV <+ 3
+ Prediction struggle to describe all distributions e R ]
. . 1.3 e E
+ MG 2 — 2/3/4 (LO): Good overall description 12000 e oo
(at the limit for 4 jets) o_;*ﬁiﬁﬁﬁ%ﬁﬁﬂ“ﬂ%ﬂ SR T S et
0.8F max O’o'o—o—&o 3 max 00-0-000_0_ E
¥ Herwig: NLO 2 — 2 better than LO 2 — 2 o7 40<p;<00GeV  Ted 500 <p[" <600 Gey °i
L _000 1 1 | i | 1 1
1.2F o F oo E
;91 SN s >tae - RWRRCT SUIE CRie RS e T deet e
MG 2-> 2/3/4 LO, §Z 200 < p™ < 300 GeV %%W;_ 300 < p™ < 400 GeV %0{*%_
Pythia LO+PS, 0 76 3 n'/?n ) 21730 3 3 ;c/nain 2n/3
Herwig++ LP +PS Ag,"(rad) Ag"(rad)

CMS PAS SMP-16-014
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W aeenvary  Soft radiation:
Dijets azimuthal correlations

anti-k; R=0.4 —— Pythia8 CUETMH1
CMS Inclusive 2-jets Herwig++ CUETHppS1
Preliminary [_] Total Exp. Unc. —— MadGraph + PSCUETM1
'] ] _1
Zoom into ~180° region \aF \ 1ap 359 (137eV)
1.2F 200 <pl™ <300 GeV { 1.2} 300 < p[™ < 400 GeV 1
1'1- : — : 1.=|—=| : :
0.9} ] 7 ] 7 ] ] ] ] ] ] ] ] 0.9F ] ] ] 7 ] ] ] :_:_:_.
1.3F 1 13F 3
12} 400 <p7* <500 GeV § 1.2} 500 < pT* <600 GeV
1.1} 3 3
1 : - 1= . ]
* CMS 13TeV: % ?2 ] ] ] ] ] ] ] ] :_ ?2: ] ] ] ] V ] ] ] ] ] E
A(D(J'] ,J2) for inclusive 2 jetS % 12} 600 < p™ < 700 GeV 12} 700 < p7™ < 800 GeV
. . +— 11F E .
and 3 jets for various pT™*. 2 = = = ==
pTjets > 200/100/30 GeV F oo
12F 800 < pT™ <1000 GeV { 1.2} 1000 < pT™ < 1200 GeV
. . 1.1F i 14 3
+ Dominating unc: JES,JER ] — = et
1.3_ 1 | | | | | | 1 1 ] : | | 1 1 1 1 1 1 1
EY Tested NLO fixed-order 11.21: B 5 1200 Ge | 170 171 172 173 174 175 176 177 &g)&:!;{dgeé]ao
predictions and LO ME+PS N e

. . 170 171 172 173 174 175 176 177 178 179 180 CMS-PAS-SMP-17-009
* Region close to 1800 sensitive Ao, , [deg]

to soft radiation: hard to model
MG 2-> 2/3/4 LO, Pythia LO+PS, Herwig++ LP +PS
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Wy queenMary  Soft radiation:
Di-photon cross sections

506 3 =*

+ Probe m(yy), cos©*n , Ad(yy), pT(yy), aT(yy)

100F ¢ g,.+
*oq
b P8

+ Typical uncertainties below 5%, 50

dominated by photon ID and isolation modelling
+ Good description by Sherpa ME+PS (NLO & LO)
+ Problems with fixed-order calculations

10

“MWW“ L1l
: TT'H‘—P &
0.5, ... T

- DIPHOX (qq/qg at NLO, gg at LO) —
[ — RESBOS (NLO + NNLL)

g 10° s \F “8TeV 202fb1|
* Data + stat. unc.
+ ATLAS 8TeV: Sensitive to soft rad. for low-pT(yy) %-‘: 10% T;oha&l oxp, uncertaity
Contributions from qq and qg initial states g ".+sLERpA221 ME+PS at NLO)
+ Select two isolated photons, 107 .
ET > 40GeV/30GeV 1 -
x10° =
é

—_—

+ Resummation improves modelling of low-pT(yy)

Theory / Data Theory / Data
N

Ar, C ]
|COSQ;|:tanh% 1 oo aopmmpmmmnee oo+ -
_A ] -IIIII| 1 IIIIIII| Illm_lm 1 IIIIIII| 1 IIIIIII| 1 II-

¢, = tan (M) sin @ 10% 10" 1 10 10° 10° 10% .
n 2 n q)n

Phys. Rev. D 95 (2017) 112005
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W aeenMay  The strong coupling constant

Example ATLAS: E1 weighted angular ATLAS ;G
relation of jets (TEEC) and its Example CMS: 3jets/2jets ratio
asymmetry (ATEEC) (V] 0.35 _CMS Pre/lmlnary 19.7 fb-1 (8 TeV) T 1??:?111\5:7TeV(NLO)
o [ antikR=07 _ paanp s BN B
= — S 0'3:_ lyl <2.5 ~~CT10 a,(M,) = 0.112 - Min. Value —— ATLAG-CBNE 2015041 (015)
@ C 4] C —CT10 (M) =0.118 —— Eur. Phys. 0. C.72 (o1 201 T )
8 o3 ATLAS \s=8TeV;20.2b" — 005 ——CT10 0, (M,) = 0.127 - Max. Value e \HT:V(NL)O)
RS C _ ) - —--a— Eur. Phys. J. C 73 (2013) 2604
5 O 25: antl-kt lets R - 04 — Data (exp. unC.) : E —J__r_' _____ = ,_1__‘_-'—; CMS inclusive jet cross section \s = 7 TeV (NLO)
(3} ) — - 02 1 = i L — Eur. Phys. J. C 75 (2015) 288
= C partial _ =& NLO pQCD (th.unc.) o - = :F'**:*w*_*ﬂ - : CMS 3-jet mass \s = 7 TeV (NLO)
= - Olg (mz) =0.1186 NNPDF 3.0 (NNLO) - B |*Ji::** $=+1 +“- T ——— Eur. Phye. 0. .75 (3018) 186
O.Zi— . 0.15 :— *J;;t + ..._._.." CMS ti cross section \'s = 7 TeV (NNLO)
F HT2 > 1400 GeV . r ;2’; ] Phys. Lett. B 728, 496 (2013)
0_15__ 1 ;:AL;-::;? ‘ '?"‘ | ‘évlfirnl.d;rjlyesr.agceftzoo(;%u‘s)100001 | |
C ] O'1l:$ T o012 043 014 015 016 017
] ] og(m.)
0.1 = 0.05F : Y
- J 300 400 500 600 100|(_J| 2 (G :/(380
C - e
0.05/— . T + Probing ag at high scales
e, L CMS PAS SMP-16-008 g0s 9
P P S Bl W R - :
. - w(Mz) = 01142 + Experimental uncertainty
B ; : +0.0010 (exp) + 0.0013 (PDF) at the order of 1%
B S o B A B R AR
= B ] +0.0049 > i i .
g ool ] +0.0014 (NP) 50007 (scale) Main uncertainty: QCOD
scale choice: up to 5%

08 06 04 02 0 02 04 06 08

arXiv:1707.02562 008 0 — would improve with

Example CMS: 3D dijet cross secton =~ NNLO 2 — 3
— combined ag, PDF extraction

as(mz) = 0.1196 + 0.0013 (exp.) *5.0003 (scale)
+£0.0017 (PDF) + 0.0004 (NP) s (Mz) = 0.1199 =+ 0.0015 (exp) TO901 (theo),
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' Queen Mary Summary

+ Very active field with lots of new ideas
+ Still some modelling problems for some topologies/phase space regions

+ In general adding higher orders or explicit real ME, improves the modelling

+ Inreased cross sections and data size enable us to do QCD measurements
double and triple differentially and in rarer processes (diboson, Higgs,...)
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