Standard Model at ATLAS and CMS
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Standard Model at ATLAS and CMS

Higgs
— Mass
— Couplings
— production
*  WIZ production
* Gauge boson pairs
— QCD production
— Electroweak production (VBF)
* Top mass and production
* QCD
— Cannot cover PDF's
* Cannot cover B—Physics: no time
* Cannot cover details
— [Each topic would fill entire talk

* Note that there are more details in parallel sessions: List on next slide
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Related parallel session talks rr/r}| ‘fﬁl
Search talks not listed here

 CMS:

PDF's and Q. Fred Stober

Wit and Ztt:Andrew Brinkerhoff

« ATLAS
* QCD jets: Javier Llorente Merino
* Quarkonia production: Benjamin Weinert
* Electroweak results: Aparajita Dattagupta
* Vector boson production: Samuel Webb
* Top pair production:Ki Lei
* Top Properties: Bruno Galhardo
* Single Top: Kevin Sapp
* Higgs boson properties: Jordan Webster
* H+ttbar:Marine Kuna
* Higgs couplings: Cecilia Taccini
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ATLAS overview: production rates reecer?) \ﬁ\'

Standard Model Production Cross Section Measurements  suius: 1arch 2015
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CMS overview: production rates
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§ 7 TeV CMS measurement (L < 5.0 o)
§ 8 TeV CMS measurement (L < 19.6 i)
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= 8 TeV Theory prediction
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Standard Model at ATLAS and CMS

* Higgs
— Mass
— Couplings
— production

. WI/Z production
Gauge boson pairs
- QCD production
- Electroweak production (VBF)
Top mass and production
Qcb
Cannot cover B—Physics: no time
Cannot cover details
- Each topic would fill entire talk

Note that there are more details in parallel sessions: List on next slide
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Higgs mass

* 2 channels contribute: yy and ZZ* (to 4 leptons)

B e "
Others much less sensitive: tt, WW Xiv:1503.07559

* But these are consistent
* Signal strength is not correlated to mass measurements: strengths floated in fit

* Relative weights of measurements contributing to average: CMS vy (40%), ZZ (23%):
ATLAS vy (19%), ZZ (18%)
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http://arxiv.org/abs/1503.07589

Events /2.5 GeV

Events / 3 GeV
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. e
. Higgs mass

Combined mass
125.09 +/-0.24 GeV arXiv:1503.07589
 Statistical uncertainty dominates: 0.21 vs 0.11 systematic

Can therefore expect smaller uncertainty in Run 2

Some tension within experiments

Overall consistency good: overall compatibility ~10%: No evidence for more
than one particle.

1 1 T T | 1 T T T I T T T T T T 1 T I 1 T 1 T 1 1 1 1 | 1 1 1 1 | 1 T
ATLAS and CMS —e— Total Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy —— 126.02 £ 0.51 ( £ 0.43 £ 0.27) GeV
CMS H—yy ——— 124.70 £0.34 (£ 0.31£0.15) GeV
ATLAS H—ZZ -4l — 124.51+ 0.52 ( £ 0.52 + 0.04) GeV
CMsS H—ZZ -4l = 125.59 £0.45 (£ 0.42 + 0.17) GeV
ATLAS+CMS yy I-—EI—I 125.07 £0.29 (£ 0.25 + 0.14) GeV
ATLAS+CMS 41 l_l-E_| 125.15 £ 0.40 ( £ 0.37 + 0.15) GeV
ATLAS+CMS yy+4l I—$—| 125.09 +0.24 ( +0.21 = 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1
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m,, [GeV]
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http://arxiv.org/abs/1503.07589
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Higgs: Spin from decay kinematics .
* Full Model independent spin parity determination needs more statistics in ZZ final
state
— Fully reconstructed
— Does not depend on production mechanism
— All decay angles measured

* Limited data allow models to be tested

— Can also use yy mode in this case
* Dependence of decay angle on production
— WW also be used

* Large number of spin-2 hypotheses with various couplings to qq and gg excluded at
>95% CL
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Higgs: Spin model hypotheses
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Measurements inconsistent with spin 1 and 2 hypotheses in ZZ and WW distributions

120 CMS X 22+ WW 19.7 1" (8 TaV) + 5.1 17 (7 TeV)
_F [ -« Observed ---Expected P S
— 100F mmotio [ PER ]

z 0*t20 PSt2o ]
- Bﬂ + F 7
| 0" +£3a J +3a

ArXiv: 1411.3441

g production

off production

Pt distribution of yy system can test models: data not consistent with spin 2 models.

°
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i All data consistent with O+
i All other tested models excluded
{ Including 0-
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Higgs Properties: couplings

* No time to discuss general cases: will only address
“Are the measurements consistent with SM expectation?”

— Final states investigated
- WW, ZZ, vy, 17, UU, ee,bbar.ttbar

— Production mechanisms investigated
* Gluon fusion
* Vector boson fusion (VBF)
* Associated

* Take away message:

— Couplings proved to be non-universal (unlike other elementary states)
— Looks like Standard Model Higgs
* But precision is such that deviations could show up in Run2

g 66660001

g 09999999

LAWRENCE BERKELEY NATIONAL LABORATORY



Higgs decay properties
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* Clear evidence for non universal leptonic couplings

arXiv:1501.04943

Observations in 11
Limits in ee and upn
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ATLAS
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. Invisible Higgs width

* VBF production: two jets +etmiss

— Background dominated by Z and W

ATLAS-CONF-2015-004
CMS
> FT T T rrrrr T T T T T T T T T T T T T T T T T T
(] - VBF Signal (m =125 GeV, BR=100%) .
Process Event yields O - Wos Iy " g
7 = vv 158.1+37.3 + 21.2 B 10°L I zow .
W — Hv 1025+ 624+ 11.7 42 = ° - Other Backgrounds ;
W — ev 579 +74+77 o L —@— Data 2012 ]
W — tv 94.6 £13.1 £23.8 W 102 -
top 55+ 1.8 E
vV 3.9+0.7 ATLAS Preliminary
QCD multijet 17 4 14 10 ) i
Total Background 439.4 + 40.7 & 43.5 203107, 8 TeV =
Signal(VBF) 2731+ 312 i
Signal(ggH) 23.1+£159 1
Observed data 508 150 200 250 300 350 400 450 500
EMSS[GeV]
BR(H>Inv)<0.57 (95%CL)
CMS-PAS-HIG-14-038 BR(H>Inv)<0.29 (95%CL)

* Also results from ZH production results in unbalanced Z (etmiss)
— Background from ZZ (mostly)
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Higgs total width

¢ Cannot be measured directly from on shell data

* Must be extracted exploiting ZZ (or WW) cross section as function of mass
*  Width <22 (23) MeV CMS (ATLAS), at 95% CL (7.5x SM expected value)
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Higgs production properties

16

Clear evidence for both gg and VBF production

g GECEaEH

g 09999999

nsitive to t lin
Sensitive to top coupling Extra jets used as discriminant

Powerful constraints in overall coupling fits
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. Higgs production properties
* signalintt
Overall fit

Note excellent separation in tt and yy

19.7 fo (8TeV)+ 5.115" (7 TeV)
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Associated Higgs production

MZH

* ZH and WH ATLAS-CONF-2015-005
* Events selected with 2 or 3 isolated leptons
« Statistics limited: 13 TeV needed

s —I||||||||||||||||||||||||||||I|||||||||||||||||||—
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Associated Hi ducti ceceer) r
ggs production
* Htt: direct probe of top coupling -
— Small signal and large backgrounds
* Small rate: many channels combined (list incomplete)
— Lepton+ > N Jets + >M btags
— 3 leptons
— 2 leptons + jets + btags

* Much larger cross section in Run 2
CMS ys=7TeV,5.0-5.1fb"; ys=8TeV, 19.3-19.7 o’

CMS ttH, 3 channel - =19.51b" - F n = ;
@ TS ffle‘g- 850 = g | fiH, Hobb,tr,yy, WW, 2Z
S F i = r / —Observed
50 -3\5{\; ] < m, = 125.6 GeV ;
40 =tz SN _pg*o ---Expected
g o= ty . i Mg = <2 00 ]
- R4 a 6
30__ [ Others - -
[ Fakes - C
- ttHx5 ] S
] 4
............ 3
) S IR B R 2
3 255 3 c
ez 205 E 1P
8 155 : AR
8 1o e =
§—¢— T ‘ 3 0|||"~|-.| [ O I
05— 3 " E— 0 1 3 4 5 m
http://arxiv.org/pdf/1408.1682.pdf N(jet) ttH
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http://arxiv.org/pdf/1408.1682.pdf

Higgs Summary
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* Very good consistency of all data with standard model Higgs of mass 125.09 GeV
19.?fb-1 {STEV)+ 5.1 151 (?TEV) TTTTT T T TTTTIT T T TTTTTT T T T TTTTT T T
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= |—95% CL E E --- SM Expected .
 |-..SM Higgs ] i i
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Particle mass (GeV)
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Higgs Summary

* No evidence for BSM here

ATLAS Preliminary

\s=7TeV,4.5-4.7f" Vs=8TeV,20.3f0"
68% CL: —

19.7 0" (8 TeV) + 5.1 fb' (7 TeV)

95% CL.: J
T T I T T TT l T T T l T 17T i T 17T | T T T T CMS . 5‘80-’{3 CL
; = 95% CL
Kgz=1.18+0.16 el .
’ ; Ky = 0.9670 1 -
Azg = 1.097028 -
: +0.28 :
H = el e—
Awz € [-1.04, -0.81] : Ky 0.64 0.29 :
U[0.80, 1.06] ‘E ;
Ag € [-1.70,-1.07] : K, = 0. 82+g 1: o e
— e —l*—. ]
U[1.03, 1.73] : '
Apz=0.60£0.27 + = 1 60+g ig -E—*—
Ay = 0.99+023 __.__ :
27 5 : Ky =0.75"01> N
(95%CL) A,z<2.3 .
+0.17 .
: K’Y 0. 98 0.16 e
AYZ=0901015 “:7 1 1 1 1 I 1 1 1 1 : 1 1 1 1 I 1 1 1 1 I 1 1 1 1
; 0 0.5 1 1.5 2 2.5
(95%CL) Azyz <32 : Parameter value
: my = 125.36 GeV
| 1 l I 111 I L1101 I 1111 ! I 111 | 111 l L1
2 -1 0 1 2 3

Parameter value
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Higgs coupling Summary

ATLAS-CONF-2015-007 Arxivi1412:8002
19.7 b (8 TeV) + 5.1 fb' (7 TeV)
ATLAS Preliminary | °tat)  Tota| uncertainty Combined =
_ — oGeory ) n=100x014 1 CIMS my, = 125 GeV
my=12536CGeV | hee¥ |+ 1o onp H — vy (untagged)
H— vy T H— vy (VBF tag)| P, =084
he AT | H— vy (VH tag)
Mo aponltE f o H — vy (ttH tag)
H - ww* e | i H— ZZ (0/1 jet)
iCk: 1T H— ZZ (2 jets)
H - bb - i H— WW (0/1 jet)
e H— WW (VBF tag)
" e AE | HoWW (VHtag)
H o S g == H— WW (ttH tag) -
n=-07%7% H— 11 (0/1 jet)
H -2y — H — 1t (VBF tag)
n=2770 0 | | H— 1t (VH tag)
Combined o T H— 1t (ttH tag) ]
=180 e : lH,,,i,,,, H— bb (VH tag)
Vo= 7 TeV, 4.5-4.7 b -1 0 1 2 3 H-obbtHtag)| | ——Wy— .
\s=8TeV, 203 fb" Signal strength (W) -4 -2 0 2 4 6

Best fit G/G§M ‘
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Standard Model at ATLAS and CMS

Higgs
— Mass
— Couplings
— production

* W/Z production

Gauge boson pairs

— QCD production

— Electroweak production (VBF)
Top mass and production
QCD
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Z production properties )\l \;‘\'\
P prop
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10° :
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| .
—— ———— But some room for improvements here

13 é;-é'Systematm uncert data

— Scale uncert. ]
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Z production with b jets
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W production properties

L2 I | | | | : |
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L'>J 9 - Pred sys —] V!—> ev (ALPGEN) S
10 E M Pred sys®stat  tt E
s Bl Other -
10 [CZ-ee =
7 [ Multijets =
weey = W- ev (SHERPA) EE
10° =
10° =
10* Ei
10° .

102
10 ]
c 1.5 :_
-'c_“' -
= Th— s e R
3 ———r
O o5 | | | | =

o 1 2 4 5 6 7 8

Njets

26

Eur. Phys. J. C (2015) 75:82

Events selected using lepton and etmiss

Jets have pt>30 GeV eta<4.4

Note large top contribution as high multplicity
Top measured from sub-sample requiring b-tag
— extrapolated using MC

Jet multiplicity distribution
Excellent theory agreement
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http://link.springer.com/10.1140/epjc/s10052-015-3262-7

W production properties
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S(W+N_,) [pb]
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W(— W) + jets
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http://link.springer.com/10.1140/epjc/s10052-015-3262-7

WW production properties

28

Large background from ttbar

Use 0-jet channel for good S/B

Good agreement at 8TeV with theory

Events / (5 GeV)

MC/data

CMS Preliminary 19.4 fb_1 (8 TBV)
1000 — =+ Data BWZ/ZZ/NVV
B WW Top
i + WHiggs EDY
800|— \ W+jets
- & 0et
600— i N e'e/u /e n/en’
Y
L k‘
400 — o
1
(& »
200~ \\“
E n h_—|_ ,_. ‘:W\\\ ~ B
0—,_. PO I e o B .—H_L—._.—'.lii.}-\i'\'—!'.!,\whmmj
15 3 .
Femsenratoinet, TR

20 40 60 80 100 120 140 160 180 200

pl‘r,max {G eV)

1

édc(ww + 0 jets)/dp

Theory / Data Theory / Data

Theory / Data

T,max

CMS rretiminary 19.4 b (8 TeV)
T T T T T
: e -o Data i
8 =- Madgraph
102 —— i MC@NLO 3
- & Powheg 7
10°F E
10" B
15— —
. e -
1 f}/@/////{/////}////// // // /// ////////
05 __ Madgraph+Pythia normalized to o, . _:
15 —:
1 E”b’”””g”*///;ﬂ////// M /6 /////////‘
05 :_ MC@NLO+Herwig normalized loamm _:
15 ' ' —
1 44// ///:3;7/9,,///// //// //7/ //
05 f_ Powlheg+F'yLIh|a normlallzed tolamm . . . . h
20 40 60 80 100 120 140 160 180 200
p’T,max (GeV)

CMS-PAS-SMP-14-016
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Pair production rates
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Mar.|2015 | | | | | | | |CMS lPreIin|1inary

CMS measurements 7 TeV CMS measuremen|t (stat,stat+sys)

vs. NLO (NnLO) theory 8 TeV CMS measurement (stat,stat+sys) .

YY, (NNLO th.) 1.06 +0.01£0.12 5.0 fb

Wy 1.16 £0.03+£0.13 5.0 fb

Zy ot 0.98 +0.01+0.05 5.0fb

Zy e 0.98 +0.01+0.05 19.5fb"

WW+WZ 1.05+0.13+0.15 4.9fb

Ww 1.11£0.04 £0.10 4.9fb

WW, (NNLO th.) —— 1.01£0.02 £0.08 19.4fb

Wz 1.17 £0.07 £0.07 4.9 fb

WZ — . — 1.12+0.03 +£0.07 19.6 b

ZZ 0.99+0.14+0.07 49fb"

ZZ —— 1.00 +0.06 +0.08 19.6fb™
IAII resullts at: | | | | ' | | 1'|5 . | l | | 2

http://cern ch/go/pNi7 Production Cross Section Ratio: o,/ 6y,
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W*W" electro weak production (VBF)

Evidence seen
Forward jets required

. B Other non-prompt

2] LN DL DAL L L L L DL LR L B
4+ 30— — Phys. Rev. Lett. 113, 141803
g | ATLAS * Data 2012 ]
L 25: 20.3 b, 1s =8 TeV XA Syst. Uncertainty 3

. ) W*Wjj Electroweak™]

oM 500 GeV — WEWHj Strong

o0 : Prompt
N —p Conversions Rare process

q q
I'V”L
il Wt
8 9 q J
Ay
Ay,
Inclusive Region VBS Region
etet etpt ptpt etet ety ptpt
Prompt 30£07 61+13 26+06 | 22+05 42+10 19+05
Conversions 32407 24408 - 21405 190407 - See also CMS
Other non-prompt 0614030 19+08 041+022|050+026 15+06 0.34+0.19 arXiv:1410.6315
WEW=;; Strong 089 +0.15 25404 142+023|025+0.06 071+ 0.14 0.38 + 0.08
W*W=*;;j Electroweak | 3.07 £ 030 9.0+08 49405 [255+025 73+06 40+04
Total background 68+12 103+20 30+06 | 5009 83+16 26=+05
Total predicted 107+14 217+26 93+10 | 76+10 156+20 66 =+0.8
Data 12 26 12 6 18 10
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
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Standard Model at ATLAS and CMS

Higgs
— Mass
— Couplings
— production
*  WIZ production
* Gauge boson pairs
— QCD production
— Electroweak production (VBF)

* Top mass and production
- QCD
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Top mass
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BERKELEY LAB

*  Measurements from many channels

All jet
Lepton +jet
Dilepton

¢ Systematics important

“What is top mass?”
* Theory problem

. 1 1
ATLAS Preliminary m, summary - Mar. 2015, L =35 pb™ - 20.3 fb
op int
m,, * tot. (stat.tJSF+bJSFi syst)
|+jets* CONF-2011-033 i 169.3 + 6.3 (40 +49 )
= )
I+jets E“" P‘"‘S"L‘,‘mz (2012) 2048 PSS e e | 1745 £ 2.4 (06 * 04 +23 )
= 0
!
all jets* CONF-2012:030 ! 1749 + 4.3 (21 +38 )
Ly = 2,05 fb '
all jets aiv:1400.0832 P 1751 + 1.8 (14 i12)
Ly =461 1
!
i * CONF-2014-055 ey
single top oo : 1722 £ 21 (o7 +£20 )
— l+jets E’X'“;i"i?m’ [ 172.33+1.27 (0.23+0.25+0.67+1.02)
it = 1
!
— dilepton :’:‘:;57";7‘35‘27 I—ql-t.‘-l—l 173.79+1.41 (o054 +1.30)
:
j
- ! 7.8
o(th) 1+j CONF-2011-054, L =35 pb’! I 166.4 £ 73
N Eur. Phys. J. C74 (2014) 3109 | 25
_ﬁ R +
o(tt) dilepton L 4620315" . 1729 + 5,
!
T 1 _iof)* CONF-2014-053 [ S— 23
ofti+1-jet)* cor 2o . 1737 + 53
.
i
!
ATLAS Comb. Mar. 2015 (arxiv:1503.05427) 0 . - === World Comb.+ 1o
172,99+ 0.91 = —— stat. uncertainty
Wo{/;é ffm;; eMar. 2014 (arxiv:1403.4427 . stat. ® JSF ® bJSF uncertainty
.34+ 0. = .
Tevatron Comb. Jul. 2014 (arxiv:1407.2682) ‘ t*otal E.lnlcertalnty
174.34+ 0.64 ' =0 Preliminary, —Input to ATLAS comb.
| | . | |
mtop [GeV]

32

19.7fb" (B8 TeV) +

5.1 (7 TeV)
|

T | T 1 1 | T -1 1 | T T 1 | T
CMS Preliminary
CMS 2010, dilepton o 175.5 = 4.6 = 4.6 GeV
JHEP OT (2011) Mﬁ,aﬁpb" (value * slat = syst)
CMS 2010, lepton+jels ® 173.1 £ 2.1 + 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat + syst)
CMS 2011, dilepton . 1725 £ 04 +1.4 GeV
EPJC 72 (2012) 2202, 5.0 b (value = stat = syst)
CMS 2011, lepton+jets - 1735 0.4 +1.0 GeV
JHEP 12 {2012) 105, 5.0 b (value = stat = syst)
CMS 2011, all-hadronic . 1735 £ 0.7 £1.2 GeV
EPJ C74 {2014) 2758, 3.5 b {value + stat = syst)
CMS 2012, lepton+jets . 172.0 £ 0.1 £ 0.7 GeV
PAS TOP-14-001, 19.7 b (value * slat = syst)
CMS 2012, all-hadronic . 1721 £ 0.3 £ 0.8 GeV
PAS TOP-14-002, 18.2 b (value * slat = syst)
CMS 2012, dilepton . 1725 £ 0.2 £ 1.4 GeV
PAS TOP-14-010, 19.7 b (value = stat = syst)
CMS combination . 172.38 = 0.10 = 0.65 GeV
September 2014 {value = stat = syst)
Tevatron combination . 174.34 + 0.37 £ 0.52 GeV
July 2014 arXiv:1407.2682 {value = siat = sysit)
World combination March 2014 —— 173.34 £ 0.27 £ 0.71 GeV
ATLAS, CDF, CMS, DO (value = stat = syst)

1 L1 1 | | Ll | L1 1 1

165 170

175

1!30I
m, [GeV]

Jet energy scale dominates systematics
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Top production

ATLAS+CMS Preliminary o, summary, \s = 8 TeV TOPLHCWG Sep 2014
....... NNLO+NNLL (Top++ 2.0), PDF4LHC —_— stat. uncertaint
- . y
m“’T - 1n72.rf .CZTV — — — total uncertainty
scae uncorainty . o . +(stat) (syst) +(lumi)
scale ® PDF @ o, uncertainty t
ATLAS prel., e/p+jets b——e——1 241+2+31+9pb
ATLAS-CONF-2012-149, L,,=5.8 fb"
CMS prel., e/u+jets —— 228+9° 22 +10pb
CMS-PAS TOP-12-006, L,,=2.8 fb"
CMS, e/p+, b——o—— 257+ 3+24+7pb

arXiv:1407.6643, L, =19.6 fb"

int

ATLAS, dilepton ep o=
arXiv:1406.5375, L,,=20.3 fo”
CMS, dilepton (ee, up, ep) —o—i

JHEP 02 (2014) 024, L, ,=5.3 fb™

int™'

LHC combined eu (Sep 2014) [
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-054,

2424+17+£55+75pb

239.0+2.1+11.3+6.2pb

241.5+1.4+5.7+ 6.2 pb

L,=5.3-20.3 fb"
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
||||||III|IIII|I||||IIII|IIII
150 200 250 300 350 400
o [pb]

33

Measured in several final states
Well described by QCD

Inclusive tt cross section [pb]
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103 I T LI LI B |

ATLAS dilepton 7 TeV (L=4.6 fb’)
CMS dilepton 7 TeV (L=2.3 fb")
ATLAS l+jets* 7 TeV (L=0.7 fo")
CMS l+jets 7 TeV (L=2.3 fb’)
ATLAS dilepton 8 TeV (L=20.3 f5")
CMS dilepton 8 TeV (L=5.3 fb")

T TTTTTOH

emoOode mX.|

L

102
ATLAS l+jets* 8 TeV (L=5.8 fb")
CMS l+jets* 8 TeV (L=2.8 fb")

* Preliminary

oo

10

T T LI
Tevatron combined* 1.96 TeV (L=8.8 ft")

LHC combined ep* 8 TeV (L=5.3-20.3 fb )

=== NNLO+NNLL (pp)
——— NNLO+NNLL (p9)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7]

ATLAS+CMS Preliminary sep 2014

TOPLHCWG

250

200}

-

1s0f " 5

8

My, = 172.5 GeV, PDF® g uncertainties according to PDF4LHC
1 141 | 11 1 1 | 11 1 ? I L1 1 1 | 111 | L1 1 | | I | N
2 3 4 5 6 7 8 9
\s [TeV]
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Standard Model at ATLAS and CMS

Higgs
— Mass
— Couplings
— production
WI/Z production
Gauge boson pairs
— QCD production
— Electroweak production (VBF)
Top mass and production

* QCD

34
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QCD jets:inclusive
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l—l1012 T T T T T T T T T T T
% anti-k, jets, R=0.6 ATLAS
(\D 10'0 2010:JLdt=36 pb”, Vs=7 TeV o 2011:|y| <05
Q .
Qo 10 2011 :J-Ldt=4.5fb'1, \s=7 TeV © 2010:]<03
>
© 6
- O
N 10 o
Q —O-
5 10 o
g -,
2 T
10 S
‘o
-
1 ‘a,
2 *::Q-
10 2011 Systematic '-0
. uncertainties :Q.-
10 2010 Systematic
uncertainties
10'6 | ||||||| 1 1 ||||||| |
3
107 10
p, [GeV]

—
o = = o
o QR X 3

dzcs/de dy [pb/GeV]

_L_L_L_I._L
2 @ o o o
A 4 0O O N

— —

:. :.
N —_
o ~

F T T T T T T T T I T —
:: anti-k, jets, R=0.6 ATLAS ::
— | Ldt=45f0", Vs=7 Tev ® yl<05(x10% —
- O 05<[y[<1.0(x10°)
r B 1.0<|y|<15(x10%)
C L 2P o —]
il ° oo O 15<]y|<20(x10°)
il pl Y PR A 20<|y<25(x10™) ]
L %oo ®ee 15, ]
= O o0 00.. A 25<|y|<3.0(x10") =
— OO b -
= OOO .~".‘. —
C | Oo, ° ]
[ "u By ©0, ¢ ) _]
= u g =
il . ] ..... OO%%O o —
:: Hg = ... o ::
il Hog o -
- A PBog ] -
= A —
— A A A DD n —
— N A AAA —
— A —
il N A Aa, = i
r A A A, 1
= » g =
— Systematic AA A —-
— uncertainties A —
- = A -
— NLOJET++ (CT10) x A —
= Non-pert. corr. x EW corr. .
il | | | 1 1 1 1 11 | 1 T
10? ®
p, [GeV]
JHEP02(2015)153

Theory agrees over 12 orders of magnitude
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http://link.springer.com/article/10.1007/JHEP02%282015%29153

QCD multi-jets: mass distributions
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Pythia6 Madgraph

Data
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Data

o

—

-1
190 GeV < Leading jet p; <300 GeV 51fb (7 TeV)

2 — CMS Madgraph + Pythiaé TuneZ2
= (@) —&- Pythia6 TuneZ2
N —o— Data
| -llt-'
3 L HH
L o
g -
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L s
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Ll | . |:.:§
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3}' R
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BERKELEY LAB |

511 (7 TeV)

Leading jet p; > 500 GeV
2

F'; 10 E- CcMS (b) —— Herwig++ Tune23
& E —¥— Madgraph + Pythiaé TuneZ2
ZVE L Pythia8 Tune4C
© !; - —- Pythia6 TuneZ2
- -3
10 = 'm.....'_._. —8- Unfolded data
o g™ -
: **
10-4 = - E.E'.*
- 55
L = S
. i
10°F =
:. | I | | | P ST NS T ST S Y
1 —
Slg 15— '_E_:_*_._H—F
218 1.0 -reres ——t = i
o= 0.5
T
§lg1.5 v
@ T vt —y—
?g e ASaadasnenane S—
= ~
2135
£|s O =reimpinacnr it ma ' -
21205
©o| 1.5 —
g‘ §1 .0 =.'.r..¢-.-r-- =B =0 S = == == Yx -
&l 0.5
1000 2000 ~ 3000
Four-jet mass (GeV)
JHEP02(2015)153
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http://link.springer.com/article/10.1007/JHEP02%282015%29153
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QCD coupling from rates reece] p

« QCD processes depend on o

* Given sufficiently precise data and controlled theory systematic errors
— PDF N"LO etc

« A extracted and runnina tested as several scale are involved

—_— _I I T T I I T T | I I I T 1T | I T]
% 0.24 - CMS incl. jets : 0g(M ) = 0.1185°7°0%%
3 0.22¢ 4 CMS R,, | 7
T . CMS tt cross section .
0.2F Jii . CMS inclusive jets —
~ v CMS 3-Jet mass -
0.18[ T =
0.16 =
0.14— —
0.12— -
0.1 :_ 4 DO inclusive jets _:
— o DO angular correlation =
008 __ o H1 * ]
— o ZEUS _
0.06— | | | —]
— 10 10° 10°
37 Q (GeV)

BERKELEY LaAB l
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http://link.springer.com/article/10.1007/JHEP02%282015%29153

Summary

Higgs has mass 125.09+/- 0.24 GeV

All expected modes seen at correct rate
— Looks like SM Higgs
— More precision with Run 2

QCD modeling works exceptionally well
— Many processes
— Large multiplicities
— Great confidence in a priori background estimates
* Even if they are not used!
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Backup
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Higgs coupling Summary

40

ATLAS-CONF-2015-007

ATLAS Preliminary

Input measurements

m, (GeV)
Overall: p = 1.17;2 Z 1254 : : K :
H- vy ggFin=1.3270% |125.4
VBF:p = O.BE; 125.4 o
WHip = 1.07° 1254 [ —

ZH:p =0.1°%7
01

125.4

L= 0.40
H -7z Overall: p = 1.4447 2
ggF+ttH: p = 1.7*;j

VBF+VH: = 0.37°
09

125.36

125.36

125.36

Overall: p = 1.16'2 :
H - ww* o
- 029

ggF:p = 0,984725
VBF: u = 1.28'%%
047

VH: p =3.0 1?

125.36
125.36
125.36
125.36

Overall: p = 1,434
H - 1t o037

=005
ggFip=2.0 2
VBF+VH: i = 1.24%%°
054

125.36

125.36

125.36

Overall: p = 0.52'2’22 125.36 ——i;
VH — Vbb jod
WH:p=1.1"1125 =
= 0.05°052
ZHin=0.05 701125

T iwi”miw

H— pp Overall: u = -0.7 ;; 1255 = X
: |
H- ZY Overall:p =2.7 :Z 125.5 :
bb:p =151 (125 2 :
tH " 14 : a
Muliilepton: = 2174 |25 D oE———
1 g2s ; R
iH =180 1254 i |
| | | | |
Vs =7TeV, 45-4.7 b -2 0 2 4

\s=8TeV,20.3 1"

Signal strength (u)

ArXiv:1412:8662
19.7 b (8 TeV) + 5.1 fb' (7 TeV)
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Combined
n=1.00+0.14

H — vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— vy (ttH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (ttH tag)
H— 11 (0/1 jet)

H — tt (VBF tag)
H— 11t (VH tag)

H — 1t (ttH tag)

CMS

P, = 0.84

m, = 125 GeV

H — bb (VH tag)
H— bb (ttH tag)

.

4

i
| |
2

|
0

[ vy
4 6

Best fit G/G§M ‘
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. e
. Higgs mass

* Combined mass

ATLAS and CMS
LHC Run 1

— 125.09 +/- 0.24 GeV
 Statistical uncertainty dominates: 0.21 vs 0.11 systematic
* Can therefore expect smaller uncertainty in Run 2

— Some tension within experiments

arXiv:1503.07589

— Overall consistency good: overall compatibility ~10%: No evidence for more
than one particle.

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

T T T T T m
ATLAS ECAL non-linearity / 1 ]
CMS photon non-linearity
Material in front of ECAL ] ] ]
T T T T T T T T T
ECAL longitudinal response ™ ]
1 ATLAS and CMS ——iTotal Stat. Syst.
ECAL lateral shower shape ] ] ] LHC Run 1
Total  Stat. Syst.
Photon energy resolution [] 1 i ATLAS H—yy H————H 126.02+0.51 (+0.43+0.27) GeV
ATLAS H — yy vertex & conversion
44 reconstruction —1 1 CMS H—yy 124.70 £ 0.34 (£ 0.31+ 0.15) GeV
Z — ee calibration [T — —1 ATLAS H—ZZ 4  ———— 124.51% 0.52 (£ 0.52 £ 0.04) GeV
CMS electron energy scale & resolution ] ]
CMS H—ZZ—4l ——— 125.59 £ 0.45 (+0.42 £ 0.17) GeV
Muon momentum scale & resolution [ ] — T 3 | [-ccommmmemmemmemecseeeeee oo - - e ssssseeesssssssssscsscsssscccessensece-
ATLAS+CMS 7y ——| 125.07 £ 0.29 (+ 0.25 + 0.14) GeV
ATLAS H — yy background modeling ] |
. ATLAS+CMS 4! == 125.15£0.40 (£ 0.37 £ 0.15) GeV
Integrated luminosity |4 |} || e memmaaaaaaa F e e e
Additional experimental ATLAS CcMS Combined ATLAS+CMS yy+4l = 125.09 +0.24 ( +0.21 £ 0.11) GeV
systematic uncertainties Observed Observed Observed N Cl A B B
Theory uncertainties [JExpected [JExpected [CJExpected 123 124 125 126 127 128 129
TR TR B TR TR B RN AR BFAT m,, [GeV]
0 0.05 01 O 0.05 0.1 0 0.02 0.04 0.06

41

om, [GeV]
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http://arxiv.org/abs/1503.07589

Higgs coupling to b-bbar

Events / 25 GeV

Data/Pred

* Associated ZH and WH used

* Multivariate method used to optimize rXiv:1503.07589

* Several channels combined

1000

Data 2012
| ATLAS m VH(bD) (1=1.0)
- \s=8TeV [Ldt=20.3 0" w Diboson ]
800 __ 0 lep., 2 jets, 2 tags m Single top __
[ pY>120 GeV - et i ATLAS  \s=7TeV, [Ldt=4.7 fb”; \s=8 TeV, [Ldt=20.3 fb”
- [ | W+cl _ LA B B B B B [ T T T ] T T T [ T T T T
L Wl h
B Z+hf | — tot. ]
6001 - Zec i stat. tot (stat syst)
L Uncertainty _
I T Pre-fit background | 1.50 122 +086
== VH(bb)x10 . +1. : .
400 (o) 7TeV = H——t—m= 1617126 (T173 Jo2)
L +0.43 +0.33 +0.28y _|
200 8 Tev et 0.65757% (Zo32 Zo24)
e : ination |— 1-e-1 . : : —
1.5:_II TT | TTTT | TTTT | TTTT | rTTT I rTTT | TTTT | TTTT | rTTT | TT II_: Comblnatlon 0.51 ig.gg (tggé t00-2252)
:_ - ) /_’9/_/”/7’/_// . e 5y i y . PR T T SR N ! ol e e ey
1E S alaaiadinde Sl 4 4—+”+’ /// ‘+’_ E -4 -2 0 2 4 6 8
0.5__II 11 | 1111 | 1111 | 1111 | 1111 I 1111 | 1111 | 1111 | 1110 I 1111 1 — —
0 50 100 150 200 250 300 350 400 450 500 best fit p=o/cy, for m,=125 GeV

m,, [GeV]
_ e

I~
(\O)
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http://arxiv.org/abs/1503.07589
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