-
( ETH Institute for
) Particle Physics

3. Some highlights, and comments:
achievements, physics highlights,
why your calculations are/will be

important
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The speed, at which things appeared.... (s

CMS Total Integrated Luminosir 14 09:00 - Oct 30 16:10 UTC)
6———————— L L L

" Higgs |

L — Delivered 5.72 fb™' :
- — Recorded 5.20 fb™' :
- :
5 T TTrrErEEEEEEEE [ :' """"""""""""""" e
100 — 10°
T Oror : ] :
107 |- H107 < ;
105 |- 0. —1 —105 g 4 (555 ; .....
L b i 80 .
o 100k 4108 © :
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107b—L 1 1l il I L1l

0.1

, T and rarer processes, eg. ZZ
Ecu (TeV) : : :

L - Searches

2o1oﬁﬁ/;_./ﬂ...i.....i.
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The speed, at which things appeared....
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4 TeV/beam)

| | | -
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—o— ATLAS 23.269 fb™!
—A— CMS 23.269 fb~!
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Repeat some SM
measurements at 8 TeV

Searches
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the boson properties...
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A Se.arches i

very rare processes
eg. Bs—pp
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The environment... P e

A. Hoecker, Dec 2012

2010

O(2) Pile-up events \

_ _ E eljj'f:_tai\‘ég_n at random
60 150 ns inter-bunch spacing \ (fi ed)bum‘:ﬂ crossings

CMS Average Pileup, pp, 2012, Vs = 8 TeV

<pu=> = 21

2011
O(10) Pile-up events

50 ns inter-bunch spacing

Recorded Luminosity (pb '/0.04)

Mean number of interactions per crossing

2012

O(20) Pile-up events

Data taking efficiencies ~94%
At or above 90% used for physics. | |
Kept the performance, despite high PU! >0 ns inter-bunch spacing

Marumi Kado, Dec 2012
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Good performance leads to good results

[ example: inclusive jet production )

. Vs=8TeV anti-k; R=0.7 L=10.71fb" CMS Preliminary
10 I I I I I I I I I I | I
10° —e— 0.0<lyl<0.5(x 10°
[0° = —=— 05<lyl<1.0 (x 10%
—— 1.0<lyl<1.5(x 10%
10’ 154 2
—— 1.5<lyl<2.0 (x 10?)
< 10° —— 2.0<lyl<2.5(x 107
) 5 B —*— 25<lyl<3.0 (x 10°
10 y
Q
Q 10'E
g ,
=N A
2 g
Bl 10 .
© 10 = S 3
- 3
L
1 |
—~NNPDF 2.1 NLO ® NP §
o0 ] | | | | 5 Coa T T’J
80 100 200 300 400 500 1000 2000 -
Jet p_ (GeV)
T probing distance scales of 10 S
¢ jet energy scale uncertainties at the 1-2% level ==>
¢ for central rapidities: similar exp. and theo. uncertainties, 5 - 10%
8

inclusive jet data :
NLO QCD describes data over ~10 orders of magnitude!

==> starts to be important tool for constraining PDFs

G. Dissertori

2.5

o

—

0.5

r

D

ETH Institute for
Particle Physics

R=0.7 L =10.71fb™

\s =8TeV anti-k;

-e-Data/Theory 0.0 <lyl< 0.5

--- Theo. Uncertainty

— Exp. Uncertainty

( exp. uncert. at 10% level )

:

T L

NNPDF 2.1 CMS Preliminary

| | |
200 300 2000

Jet P, (GeV)

80 100 1000


https://cdsweb.cern.ch/record/1547589

Incl. Jet Production seen before @ suse

\s =8TeV anti-k, R=0.7 L =10.71fb”

25 T T | I I I I T | I

— = Exp. Uncertainty 0.0 <|y|< 0.5 n
- -@ Data ) ) .

n ----CT10 -
— - HERA1.5 —
[ - MSTW2008 ] 3 oCMS Preliminary gluon, Q* =1.9GeV”

~ ABM11 : l !

i ] =3 HERA DIS + CMS Jets| |
— ] 2.5}|tzz1 HERA DIS ' N .
__ ] N ST e R e s T T U RSN, et
i ‘ Cqicebmme o~ N

Fract. Uncert.

[
¢

0.5

....................................................................................

CMS Preliminary

[ | | | | | | L1 1 |
O80 100 200 30 1000 2000

Jet P, (GeV)

€inclusive jet data : starts to be important tool for constraining PDFs
& future NNLO calculation for dijet prod. will have a further impact!
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Good

«10° CMS
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W-pv candidate in
7 TeV collisions
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performance leads to good results

{ fiducial xsec, 8 TeV )

4 ETH Institute for
Particle Physics

\s =8 TeV

L=18.2 pb™,

| | | | | | | | | | | | | | | | | | | |
Wl 3.16 = 0.015tat + 0.04Syst + 0.08Ium nb
Y BN L 3.18 + 0.10 nb
- 2.26 x 0.01, = 0.02_ = 0.06, nb
v e 2.95 + 0.07 nb
- 5.42 x 0.02,,, = 0.06_ = 0.14, nb
¥ BN s 5.43 + 0.16 nb
0.41+0.01. +0.01 _+0.01 _nb
Z— Il e I stat syst lum
' "' 0.40+0.01nb
Wl /W sl 1.40 = 0.01Stat + 0.02syst
H—e 1.42 £ 0.02
Wt ) gt 13.26 = 0.15_ = 0.21, _
Twres H H 13.49 = 0.28
| | | | | | | | | | | | | | | | | | |

1.1

|
1.2

ratio(exp./th.)

G. Dissertori

Amazing precision reached ( ~1% experimental ! )
Also fiducial xsecs measured (no acceptance uncert. !)
Important test of and constraints on theory (NNLO, PDFs)
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More on W/Z production P o

CMS Preliminary NLO 13 parameter fit

2_ 2
Q=my

CMS, L=4.7fb'at\s=7TeV

LA I L L AU I L AU B B B B
http:/arxiv.org/abs/1312.6283

0.3

x-d,

o
w

I HERAIDIS +CMS A,
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- (a) P> 25 GeV 7
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P KRS
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| —e— Data % i 0.1
- EEE%\\\ SN R
:i\ N,

0.2

CMS PAS SMP-14-022

d quark

Charge asymmetry
o
I

o
N
[
|
Ratio
o

(HERA1DIS + CMS A,) / (HERA | DIS)

NLO FEWZ + NLO PDF, 68% CL -

0.15 CT10 7] 107 107 1072 10"
R NNPDF23 . X
HERAPDF15 -

- £ MSTW2008 . =, P T T T T T T T T [T T T T T T T T T T T T T[T T T T [T T 17
- V221 MSTW2008CPdeut 7 o - cwms, f Ldt=4.5fb" at \'s = 7 TeV, 120 < m < 200 GeV

o J | " Lo b b by B 0-008:_
0 0.5 1 1.5 2 -ON -

g—g(W*‘ — utv) — g—";(W_ — UV) Muon IT]I Q 0'007: +

A(n) = - — -
SW+ = ptv) + (W= — p7) 0.006 -

0.005

—e— Data

I FEWZ+CT10 NNLO

I FEWZ+NNPDF2.1 NNLO

Il FEWZ+MSTW2008 NNLO

I FEWZ+CT10W NNLO

I FEWZ+JR09 NNLO
FEWZ+ABKMO09 NNLO

[ FEWZ+HERAPDF15 NNLO

0.004

& extremely rich and precise data set at hand, covering a very 0.003
large phase space.... 0.002

0.001

0III|III|III|III|III|III|III|III|III|III|III|
> 15 y
< 14 :
213
E 1.:11
S 03
0.7 :
gg 1 1 1 1 1 1 1 1 1 1 |
0 02 04 06 08 1 12 14 16 18 2 22 24
Jun 15 G. Dissertori Absolute dimuon rapidity, lyl 81


http://arxiv.org/abs/1312.6283

Good performance leads to good results (P e

Mar20t5 CMS Preliminary_

¢ 7 TeV CMS measurement (L < 5.0 fb™)

¢ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

L
L 111

2,
|
{

T

njet(és) — 8 TeV Theory prediction

e ZCMS 95%CL limit
5 o

IV

HOA

Production Cross Section, o [pb]

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII|

%

o
AR DR PR DR L
@I
e
|
| |] IIII|

w12 Ty Lz Lo wz L2z i 8% T | o T, L Lo, L |2 Logn 1928 L |
All results at: http://cern.ch/go/pNj7 Th. Ac,, in exp. Ac

Jun 15 G. Dissertori 82


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/SigmaNew_v0.pdf

The impact of new
(N)NLO (+PS)
calculations



Usage of new NNLO calculations @ =

Jun 15

¢ Dbesides incl. W/Z prod. mentioned already,
and besides the Higgs sector:

CMS \/; =7TeV L=50fb "
P I I I | L | L | L | L | L I 1] -
i - 2
@ - —¢— Data W 2
S~ | N g-
S | 3 DIPHOX+GAMMA2MC 4R
- 2y NNLO ‘§ S
< 10 ® g
% - ) AR
- o+ N
< | K%J& + . ]
© I _e R ]
- \/\-H" ‘ -
S S8 _
® A
1722 | &1\\
- ny | }
N if
10_1 | | I I | L1 1 1 | L1 1 1 L1 1 1 | L1 1 1 L1 1 1 I l
0 1 2 3

A¢ (radian)
Yy

¢ diphoton production: exp. uncert. at the 10% level
¢ For small angular separation: NLO calculation off by factors 2 - 3 !

¢ Need at least recent NNLO calculation for appropriate description!
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Usage of new NNLO calculations @ #s

\\\
\ Jet:
N p,;=61.7 GeV/c
A n=1.38
Muon: .
p;= 64.4 GeV/c
n= 0.29 R Jet:
n=0.79
Missing E.:
65.9 GeV

Jet:
Jet: p-=51.5 GeV/c
p;=61.7 GeV/c n=-0.12
n =0.81

« Y., 108000 events

VD q\c'/ in 19.5 fb"
Rur at 8 TeV

\
o | W™ selected

p;=135.9 GeV/c

[T
X T bination* L = 8.8 fb" L -
e Ariasdiononcorw " ATLAS+CMS Preliminary  Feb2014
| O CMS dilepton L =23 fb"

B ATLAS lepton+jets* L = 0.7 fb TO PLHCWG
—O CMS lepton+jets L =2.3 fb

TOPLHCWG combination* L = 1.1 fb’"
ATLAS dilepton* L = 20.3 fb™

[o %

—
o
\V]

—O CMS dilepton L = 5.3 fb” T

—e ATLAS lepton+ets* L =5.8 fb” I ' .

O CMS lepton+jets* L =2.8 fb" L -

. |~ * Preliminary 250 1 7
200 .

-
o

Inclusive tt cross section [pb]

g NNLO+NNLL (pp) 150} . .
Z——— NNLO+NNLL (pp) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

Mo = 172.5 GeV, PDF® ag uncertainties according to PDF4LHC
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 3 4 5 6 7 8 9
\'s [TeV]

*€C

incl. ttbar production cross sections:

¢ Recent total experimental uncertainty (including lumi
uncert) at the 4-5 % level!

& similar or better than theor. uncertainty (scales + PDF)

& see more about the usage of this NNLO xsec later.....
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Probing the TOP: going differential and rare

ATLAS-CONF-2013-099

Jun 15

= = | L e L L I I
% E ont oma Data E
S [om4 ]
o on, e ALPGEN+HERWIG
g} -8' B .
o 5| on, = MCONLOHERWIG |
= s POWHEG+HERWIG
- ‘Ea ATLAS Preliminary ’
i I L dt = 4.6 fb" |
4 —
10 - \s=7TeV 3
B . ]
— ] A —
1 5 I HH -+ =
© E ]
g’g Trout wmsom oy M "4 f———
0.5:— .11...|....1....|....1....|....|....—:
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p. [GeV]
pT top
3 CMS Preliminary, 12.1 fi' at Vs = 8 TeV
x10
[1I__] 10:| TTT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT | T 1T I:
> 9E- e/u + Jets Combined e Data E
8 s —— MadGraph ]
= 8 ~== MC@NLO
3g ----POWHEG ]
~|b - e S Approx. NNLO 3
6 (arXiv:1205.3453)

L
[
1]
I

L

%

h

50 100

.cern.ch/record/1523611

ptT [GeV]

see also http://arxiv.org/pdf/1505.04480v1.pdf

150 200 250 300 350 400

10"

[ jet mult. )

-
[}

MC/Data

I
3

€ many properties tested,
with high exp. precision

€ also: tT+MET, tT+photon,
(tT+bb)/(tT+jets)

& TOPLHCWG studying
differences between
ATLAS and CMS, eg. in
top pr dist.
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CMS Preliminary, L=5 fo™" at {s=7 TeV
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B — 95% contour ]
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very rare processes / couplings:

ttW and ttZ prod, sub-pb regime



http://www.springerlink.com/content/1871461553170248/
http://www.springerlink.com/content/1871461553170248/
http://www.springerlink.com/content/1871461553170248/
http://www.springerlink.com/content/1871461553170248/
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By the way... D

¢ ... talking about rare processes....

60 —4— Data
— Signal and background
0 -
50 [ 1Bs—>uu
LB s

— - — Combinatorial background
----- Semi-leptonic background

S
o

— — Peaking background

w
o

Weighted candidates per 40 MeV/¢?
[\ ]
o

—_
(=]

._+_.

I_ —1 - L J_ A
5,600 5,800

http://www.nature.com/nature/journal/v522/n7554/pdf/nature 14474.pdf

e combination with CMS measurement dgo.s9!‘“.S.a/."?%'1‘?'°.<%'.*‘?f“.".'>....
IEo.s /
Sorf] |
BF (B, — p'w) =(2.8 Z5¢) * 10° 3 osfl |

BF (B° - pw) = (39 *15) x 10

T I T TITTI T[T T I T ITI T [ TIT I ITTIT T IT0T
R RN AR LAALY RLAL) LA LA

[arXiv:1411.4413] 03 \..,\
0.2 /
« B° — p*u- agrees with Standard Model D’;é. \ -/ /) a3
0 7 8 9

B(BY — u* u) [10°9)

* B° > pu'u- 2.2 ¢ above Standard Model

13.05.2015 Particle Physics Seminar Bern (38/64) O. Steinkamp
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NNLO: A very recent example....

¢ Are we sure we understand “normal” WW production?
¢ Was definitely wanted: NNLO pred. for WW prod.

Multiboson Cross Section Measurements  siis: Varch 2015 JLdt

[fb—ll Reference

T T T T T T T T T T T T T T T T T T T T T T

fid o =44.0+3.2—-4.2pb (data)
a"“(yy)[AR,, > 0.4 27ANLG heory) - 49  JHEP 01,086 (2013)
_ O7)ARy, ] ATLAS  Preliminary
ofid(Wy — tvy) 72N theory 46 PRDET 112003 2010)
arXiv: . ep-p
_ [njet — 0] 7 =1762003+022 00 Gata) Run 1 \/— =7,8 TeV 46 PRD 87, 112003 (2013)
ofd(Zy - tty) 7= dhaad 46  PRD 87, 112003 (2013)
arXiv:1407.1618 [hep-ph]
= [njere = 0] 7= MR ey 4 46  PRD87, 112003 (2013)
ofd(Wyy = tvyy) =01 LN e IS | 203 arXiv:1503.03243 [hep-ex]
= [njer = 0] 72T AN Ginoory) 20.3  arXiv:1503.03243 [hep-ex]
ofd(ppoWV-tvqq) M Vo et 46  JHEP 01,049 (2015)
a'ﬁd(WiWijj) EWK o=1 3¢%§;hgg25fgx‘ﬁafgry) ’ 20.3 PRL 113, 141803 (2014)
r =51.9+ 2.0+ 4.4 pb (data) 1 PRD 87, 112001 (2013
total MGFM (theory) [ 4.6 ) ( )
o (pp—->WW) ”:7”*MCFM%meO£? o (catalg 20.3  ATLAS-CONF-2014-033

o (WWoree) [njee=0] |~ 4.6  PRD87,112001 (2013)
o (WWopp) [njee=0]|" 77 iciindb™

O'ﬂd(WW—)eﬂ) [njet=0] =262 3&1%&&‘23 1f)b (data)

46 PRD 87, 112001 (2013)

LHC pp Vs =7 TeV
4.6 PRD 87, 112001 (2013)

- Theory
f'd o =563.0 +28.0 + 79.0 — 85.0 fb (data) [,
! (WW—N—Z‘H) [njetZO] MCFM (theory) i - Observed 4.6 arXiv:1407.0573 [hep-ex]
r=19.0+ 1.4 - 1.3+ 1.0 pb (data) stat 4.6 EPJC 72,2173 (2012)
total MCFM (theory) '
(pp—W2Z) =203 208 e 130 e stat+syst 13.0  ATLAS-CONF-2013-021
ofd(WZ - ¢vee) 7002 i Tineery) 020 13.0  ATLAS-CONF-2013-021
T=67507405-04pb (G LHC pp Vs =8TeV 4.6  JHEP 03,128 (2013)
o°tl(pp->2Z2) 71408 ¥ 20.3  ATLAS-CONF-2013-020
coral 27 sa¢ 7 =70 450 (m“'y’ Theory 45  arXiv:1403.5657 [hep-ex]
la (pp—ZZ-4¢) - ;2740 Eggwjé J(O%efg{(déala)l o Observed 20.3 arXiv:1403.5657 [hep-ex]
fd 7 =254 33 0EL0 Lato e - stat 46  JHEP 03,128 (2013)
o"(ZZ - 4¢) =207+ 75° (me&b}%fb oata) stat+syst 20.3  ATLAS-CONF-2013-020
of4(2Z* > ar) 7 =298438-35+ 2110 (cata) 46  JHEP 03,128 (2013)
ofd(Z2Z* - ¢tbvy) :ll” piwlhlessi;&lsg'lszd?{ﬁé . : . . . . . 4.6  JHEP 03,128 (2013)
02 04 06 08 1.0 12 14 16 18 20 2.2 24 2.6
io/ATLAS_g_¢ y

eb.cem. OUPS/PHYSICS/C il yi TLAS_g_|

105, % doly,/dp._[GeV'

-
d ETH Institute for
7 Particle Physics

SRR L L L B R SR R

- ATLAS — Monte Carlo (MC@NLO) |
0.03— pata 2011 (V=7 TeV) ® Data —]
- ; + Stat. Uncertainty ]
0.025— f'— dt=461f Full Uncertainty =
0.02F Normalized fiducial N
differential cross section R

0.015— —
0.01 :— Bin centers are cross-section —:
| weighted averages -
0.005— —
S I

140 ! 350
Leading lepton p_ [GeV]

& measured WW xsecs in fully leptonic channel slightly above NLO pred. (by 10-20%, 1-2 sigma)

¢ differential distributions appear ~ok; similar in CMS...

is it a significant deviation? some NNLO effect?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/ATLAS_g_SMSummary_MultiBosonFiducialRatio/ATLAS_g_SMSummary_MultiBosonFiducialRatio.png
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A very recent example....

D

Mar.l2015 | | T O e S 157 | ICMS IPrelirpinary
CMS measurements 7 TeV CMS measuremenlt (stat,stat+sys) o
vs. NLO (nnLo) theory 8 TeV CMS measurement (stat,stat+sys) .
YY, (NNLO th.) | o 1.06 = 0.01+0.12 5.0fb"
Wy o 1.16 £ 0.03 = 0.13 5.0 fb"
Zy o 0.98 +0.01+0.05 5.0fb"
Zy — 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 4.91fb"
Wz — e — 1.12 £ 0.03 = 0.07 19.6 fb™
ZZ — o 0.99 +0.14 +0.07 4.9 b
ZZ ——e 1.00 + 0.06 + 0.08 19.6fb™
. . . . | . . . . | . . . .
oo httpﬁggf’ns_ﬂ'rffgfm7 " Production Cross Section Ratio: Oexp ! othe:

& measured WW xsecs in fully leptonic channel slightly above NLO pred. (by 10-20%, 1-2 sigma)

¢ differential distributions appear ~ok

¢ is it a significant deviation? some NNLO effect?

¢ Very new: recent new CMS measurement, and first NNLO calc. by Gehrmann et al:

10% increase from NNLO, thus SM ok......... ~(
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/SigmaR_v5.pdf
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V + jet pro
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for Z Pt > 150 GeV
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¢more and more probing a large phase space, with exp. uncertainties between ~ 5 and 20 %

&multiplicities, jet pr distributions, HT distributions, angular correlations, incl. or for boosted bosons

€ Quite a large playground for testing : fixed-order calculations, LO+PS, NLO+PS, as implemented in different MCs
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Top pair xsec: strong coupling and myp D =

Inclusive tt cross section [pb]
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CMS and ATLAS have used very recent NNLO QCD
prediction for the top-pair cross section to extract a
precise measurement of

the strong coupling constant (rel. error 2.6%)

and the top quark pole mass
(abs. error ~2.5 - 3.5 GeV)

CMS: http://arxiv.or rXiv:1307.1907

interesting discussion in this context: how and how

precisely can one relate this measurement to those
from the direct mass determinations (the “MC mass’).
N e JC‘T See eg. S. Moch at LHCP2014

CMS, (s =7 TeV, L = 2.3 ft5"; NNLO+NNLL for o mP = 173.2 + 1.4 GeV

L BRI 5 i B B
Default o.g(m,) of respective PDF set . é
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The strong coupling constant =~ D=
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Cep ¢ Quite impressive precision attained already, of similar order than for jets and event shapes
t | at LEP and HERA'!
WL - o S:Loe P ¢ Future hiaher-order calculations for two-iet and three-iet production will have an impact....
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The case for
(clever) ratios



Examples P i

Nevts )

¢ remember this picture?

backgrouqd oo € eg. 7 and 8 TeV data set as a “gigantic” control region?
some observanie” Ve #++ € but: the transport by theory from one energy to the

KRN

. " background +

| —ignar

next, ie. via a ratio, should be as precise as possible

some ohservable

s section Ratios between 14 andﬁ ‘ =

%1 , [T(1tey) 1T(>2Tev) Jet(>Ttev) Jet(>2tev)
S ¢ great potential in ratio observables:
/:' .| IR { ____________________________________ SR S { _______________________ i elther to obtam °/O_|eve| (or better)

| P S e — l ________________ _ theory predictions, or to constrain PDFs

_ to the % level, over large x-range
MSTW08 —— arXiv:1206.3557v1 [hep-ph]

- ABKMO9 ——— ]
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Exam o, les D s

Nevts

& remember this picture?

& eg. in SUSY searches: final states with large jet

background oo daato multiplicities, leptons, MET
some obsarvanis” Nevts +++ - & Z+jets, Z to neutrinos, an example of a background
*:ackgmun: \ ¢ find signal-free control regions, see below
++ ‘ & but: the transport by theory from one region to the
T S other, ie. via a ratio, should be as precise as possible

The CMS search did not estimate Z+jets bkgd from NLO. Instead used

do.Z—+—jets dgfy—l—jets dO.Z—H'ets do.7+jets
- @@ @ — - X
dHt ( dHt )data ( dHt / dHr )NLO

¢ Example from a CMS all-

0.5 :\ TT ‘ T 1T ‘ T TT T 1T T TT T TT T 1T 71T T TT T T :
0.45— , = hadronic SUSY search, based
- _HL _ . -- LO -
0 4:_ == R = 0.5 [anti-kt] NLO E he MT2 ) |
0.35F- AEIRAS ~~ ME+PS E Example of widely on the variable
03E Set 1 cuts E used data-driven &  used photon+jets data to
E E bkgd estimates . _
0.25— £ estimate the Z+jets
02; . M
= - Combine best of background e 10 (2012) 018
015 = theory knowledge
0AE- E with best of exper- ¢  and now the Z+jet / photon
= BlackHat+Sherpa e imental knowledge. : :
0.05= LHC 7 TeV = & +jet ratios has also been
00 400" 200 300 400" 500 600 700 800 900 1000

measured for the first time, by
CMS...

H,/ GeV

SILAFAE 2012-12-10

Gavin Salam (CERN) Perturbative QCD in hadron collisions 11 /35
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Z+]ets/y+jets
LO predictions for the ratio vs data off by 20% but flat!
BH prediction (NLO for both processes) are also ~10% larger than data

19.7 fb" (8 TeV
.-,..Q_}— 0.050 |||||||| [rrrrrrri T r1lgl7wfb |(78 -TreIV) T T T T T T ( )
o ]
B 0.045 — 1 AF CMS \
© ]
NQ.'_ 0.040 3 m 1 0 ‘N\\\ \\‘\\ \1\\\
% \\% x RS
o Goas 3 308 j— .
0 030 e \\\% m : :
i N \ \§§< 0.6 :_ PDF Scale _:
. 2 N — N .
0.025 _ ] o 1.4F
0.020 &% ¢ Data = 8 1.2F
[ X . E N
0.015C8 |:|Stat.+sys 3 $1.0
- BlackHat S o8k
0.010 B E 0.8f .
006 T MadGraph 3 0.6 MadGraph stat. error =
100 200 300 400 500 600 700 800 100200 300 400 500 600 700 800
Zly Z/
P [GeV] pZ'[GeV]

from V. Ciulli, Les Houches 2015

&€ see arXiv:1505.06520

& currently being discussed: importance of EWK corrections?

G. Dissertori

Example of a measured ratio P e
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And some further examples... D

¢ ratios of W*/W-, W/Z , WWY/Z cross sections
@ 3/2 jet ratio (for measurements of as)
@ ratios of incl. jet cross sections with different jet sizes

@ ratios of incl. jet cross sections at different centre-of-
mass energies (eg. used by ATLAS to constrain pdfs)

¢ | hope you can come up with new, clever, ideas....
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The Higgs sector

see more in lectures by Grojean, Stroynowski and Pich
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The Higgs sector

¢ Grant overview by M. Klute, LHCP2014

ETH Institute for
Particle Physics

i)

A Sk Inclusive o Spin/
Channel Lumi Lumi Specialty signature | Obs. (Exp.) mass [GeV] P:rit
[1/b] | [1/b] 9 eASER: y
4.6+20.7 | 5.1+19.6 | mass, 6.6 (4.4) gag i S 1.7+40.5-0.4 J
H=2Z2Z -4l : discovery 4 leptons
ATLAS-CONF- Xiv: > {2 125.6 +0.4 (stat)
2013012 | 13125353 | spin/parity 6.8 (6.7) 00 vl e 0es J
4.6+20.7 | 4.9+19.5 cross 3.8 (3.7) consistent | 1.01£0.31 N
HOWW 212 [t | section, | 2'SPons. |
2013-030 1312.1 1'29 coupling 4.3 (5.8) 125+ 4 ‘ 0.72+0.20-0.18 J
4.8+20.7 | 5.1#19.6 | mass, 7.4 (4.3) | 1260205 B, o 033028 ||
H- vy discovery, |two photons |
ATLAS-CONF- CMS-PAS- J 3 125.4 0.5 (stat)
2013-012 | HIG-13-001 | couplings 3.2 (4.2 0.6 (sys) [ O-78+0-28-0.26 J
4.7"'20.3 5.0+1 8.9 tOtal Width, o consistent 02 +0.7 -
H = bb AANE. . coupling to | two b-jets
AT;&sa-%?: ] 13?3.(:!;337 fermions 2.1 (2.1) consistent i
4.9+19.4 E hadronic 4.1 (3.2) : :
H=TT couplings taus
arXiv: to leptons !
1401.5041 leptons, MET| 3.4 (3.6) 1227 >

€ Signal strengths in individual channels : 30-50% precision, including stat, exp. syst. and theo. syst.

€ mass known with precision of 0.2 % !

125.09 +- 0.24 (+-0.21 +-0.11) GeV

€ Let’s have closer look, and what about in the future?

G. Dissertori
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Higgs parameters: current precision

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/

ATLAS Prelim. |—o(stat)  Total uncertainty
m, = 125.36 GeV _ G(tsggoirr;f- ticonpu
Phys. Rev. D 90, 112015 (2014)
H—vy 05 ——
w=1.17:927 5 =
arXiv:1408.5191 I ; 1 l B
H— ZZ* — 4l oy
w=1.447249 0% e
arXiv:1412.2641 I z l
H-> WW* - Iviv "33 H——
w=1.09"033 31 ——
arXiv:1409.6212 ' !
W,Z H — bb 103
w=05%4105| —1—
ATLAS-CONF-2014-061 l I l I l
Ho 1t s —
w= 147753 1
AR BRI DR N B
0O 0.5 1 1.5 2

\s =7 TeV |Ldt = 4.5-4.7 fb!

\s =8 TeV [Ldt =203 fb

Signal strength (u)

released 12.01.2015

G. Dissertori

.
é ETH Institute for
Particle Physics

€ Thus, very roughly speaking:

¢ Stat. uncert ~ ~ theo. uncert.

& each component ~ 10-20% ,

exp. uncert.

for better known channels
€& Theory: ~7-8 % PDF and as; ~ 7-8 % scale

General statement:

precision needed for both background and
signal processes. However, while a

discovery typically doesn'’t rely on signal
predictions, the later extraction of model

parameters, and possible disentangling of
models or model classes (ie. not only in
the Higgs sector, but for BSM in general)

will very much rely also on the precision of

signal predictions!
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Summary by M. Donega (D iz

The first big chunk of work is completed.
We learnt a lot and we got a lot of fun

We discovered a new boson and its properties are very close to
what we expect from the SM Higgs boson...

...but sometimes things are not what they look like
,- ¥ : ‘ .- Pyl ey . -
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What about searches?

see more in the lectures by Grojean and Kalinowski
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We have searched.... T
eg. exclusions plots shown at Moriond QCD 2012....
BB B P
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This plot really depresses me... s

* . = ¢ P
ATLAS SUSY Searches* - 95% CL Lower Limits > ATLAS Preliminary
Status: ICHEP 2014 o) i Vs=7,8TeV
miss —1 _—
Model Ty Jets ENY [raqm™) Mass limit — Reference
Ll T T T l T T T T T T T T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 G & N () =m(z) 1405.7875
H I H h MSUGRA/CMSSM Teu 3-6 jets Yes 20.3 F 4 C’O mig) ATLAS-CONF-2013-062
INCIUSIVe searcnes @ MSUGHNCMSSM 0 7-10jets  Yes  20.3 3 o m(3) 1308.1841
Géiy G—rgt] L, 0 26jets  Yes 203 |§ < ':.I}=o GeV, m(1* gen.g)=m(2™ gen. §) 1405.7875
B3, q—)qq,\/l 0 2-6 jets Yes 20.3 4 o "|}=D GeV 1405.7875
g B8, B—qqV —gqW= XL 1ep 3-6jets  Yes 20.3 ci l n(¥,) <200 GeV, m(t™)=0.5(m(¥")+m(z)) ATLAS-CONF-2013-062
D 3z, a-qqll/v/v)F) 2ep 0-3 jets - 20.3 Z () =0 GeV ATLAS-CONF-2013-089
®  GMSB (/ NLSP) 2epu 2-4jets  Yes 47 f<15 1208.4688
g GMSB (/ NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 E CD g >20 1407.0603
g GGM (bino NLSP) 2y - Yes  20.3 z O ¥])>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Tep+y - Yes 4.8 B (i) >50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 C SN (Y))=-220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3 jets Yes 58 =m N (NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  10.5 T )0 ev ATLAS-CONF-2012-147
S§ oo 0 36 Yes 201 |& = W) <a00Gev 1407.0600
>_ S £ P 0 7-10jets  Yes  20.3 - C) Wn(t}) <350 GeV 1308.1841
2 EfN 0-1e.p 3b Yes  20.1 3 (¥ }) <400 GeV 1407.0600
(0)) 0 a—bi¥, 0-1e.pu 3b Yes 20.1 z ¥1)<300 GeV 1407.0600
) byby, b ,_»bx, 0 2b Yes 201 by ] m(¥})<90 GeV 1308.2631
(j) = bbby, b=ty 2e. 1 (88) 0-3b Yes 20.3 by 275-440 GeVg ; m{¥5)=2 m(¥)) 1404.2500
i 'g E 711y (light), i —bty 1-2eu 1-2b Yes 4.7 i 110-167 GeV : g m(¥})=55GeV 1208.4305, 1209.2102
© 7\ 1y (light), 7, me‘l‘ 2e,u 0-2jets  Yes 203 A 130-210 GeV 1 m(E}) =m(7, )-m(W)-50 GeV, m(f,)<<m(¥}) 1403.4853
[ n ;] (medium), 7, i _.;x, 2e.u 2 jets Yes 20.3 0 215-530% # mit))=1 GeV 1403.4853
o - 7171 (medium), 7, —»lilrxl 0 2b Yes 20.1 i 3 m(¥})<200 GeV, m(iT)-m(E])=5 GeV 1308.2631
- - o) = =0
'lc—U' E ifi (heavy), 7 —2¥y 1epu 1b Yes 20 i m(¥})=0GeV 1407.0583
< fif (heavy), fi—t¥ 0 2b Yes 20.1 i m(E])=0 GeV 1406.1122
Z T i —-rX] 0 mono-jet/c-tag Yes 20.3 i 90-240 GeV m(f)-m(t})<es GeV 1407.0608
7171 (natural GMSB) 2e.u(Z) 1b Yes 20.3 i m(E})>150 GeV 1403.5222
R, i) + Z 3e,pu(Z) 1b Yes 20.3 iy m(t})<200GeV 1403.5222
lrbir, et 2ep 0 Yes 203 |i 90-325 GeV m(¥})=0 GeV 1403.5294
fljfl‘,f, — (V) 2e.pu 0 Yes 20.3 ,FI 140-465 Gep m(¥})=0 GeV, m(Z, #)=0.5(m(¥T )+m(¥ 1)) 1403.5294
> g JPM* Xy —#v(rv) 27 - Yes 203 |, 100-350 GeV ] m(E])=0 GeV, m(f, 7)=0.5(m(¥T)+m(F})) 1407.0350
TR X,Xa - w’. £, vl E(v) e 0 Yes 20.3 ,1:'*,{"‘ : meEs)=m(i?). m(f‘.’):uo. m(il..i-)=o.5(mp‘(f)+mciﬁ')) 1402.7029
,\’1 )(ﬁ—>wy Z,\f 2-3e,u 0 Yes 20.3 A._’L,/ra 420 GeV 1 » m(¥7)=m(¥5), m(¥)=0, sleptons decoupled 1403.5294, 1402.7029
X WEhY) 1ep 2b Yes 203 ,v% , 285 GeV 6 m(T)om(E). m(E)-0. sloptons decoupled | ATLAS-CONF-2013.093
O, 00 —lut dep 0 Yes 20.3 s z m(Es)=m(¥3), m(¥)=0. m(f. #)=0.5(m(F3)+m(¥})) 1405.5086
|0ng_| ived pa rticles E Direct ¥1¥| prod., long-lived ¥i ~ Disapp.trk ~ 1jet  Yes 203 [&f 270 GeV m(FF)-m(F})=160 MeV, (¥7)=0.2 ns ATLAS-CONF-2013-069
) e Stable, stopped g H hadron 0 1-5jets  Yes 27.9 & 832 GeV m(¥})=100 GeV, 10 us<r(§)<1000 s 1310.6584
lit SUSY B GMSB, stable 7, ¥/ 1@ i)are, ) 124 : ) 159 10<tang<50 ATLAS-CONF-2013-058
eg . Sp | g a GMSB, ¥ —yG, long-lived ¥ 2y - Yes 4.7 0.4<r(¥))<2 ns 1304.6310
! 3d, X\ —qqu (RPV) 1 p, displ. vitx - - 20.3 a 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m({)=108 GeV | ATLAS-CONF-2013-092
LFV pp—is + X,V —e + 2eu - - 4.6 A5,,=0.10, 1,5:=0.05 1212.1272
LFV pp—¥, + X, ¥, —e(u) + 7 leu+t - - 4.6 X,,,=0.10, 423,=0.05 12121272
RPV = Bilinear RPV CMSSM 2e,.u (S5) 0-3b Yes 20.3 mig)=m(g), cTrsp<1 mm 1404.2500
% /\L‘]Xﬁ_, f’. —wil B —reevy, euv, dep - Yes 20.3 m¥1)=0.2xm(¥7 ), A1z #0 1405.5086
Xy Ao wh X STt etiy Seu+t - Yes 20.3 m(¥))>0.2xm(¥7), 43340 1405.5086
2—qqq 0 6-7 jets - 20.3 BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
I 1, [ —bs 2e,u(SS) 0-3b Yes 20.3 1404.250
Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
E Scalar gluon pair, sgluon—ir 2e.p(SS) 2b Yes 14.3 ATLAS-CONF-2013-051
6 WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
A1 1 1 1 Il A 1

V5 =8TeV
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

& impressive list, similar plethora of results from CMS
but: read the fine-print !!

€ most of the time, limits are based on (many) assumptions, simplified models
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The “IF” fIIeS (ie. the fine-print)

¢ The experiments have already explored a very
vast range of masses and parameters

¢ Though, too early to declare SUSY’s death, since
there remain important parameter regions to be
explored, and because

¢ Difficult or impossible to give “absolute” limits,
since basically always assumptions involved

¢ limits quickly degrade or disappear when raising
m(LSP) beyond several hundreds of GeV

€

inclusive searches often assume degenerate 1st
and 2nd generation squarks. Limits decrease (by
several hundreds of GeV) if this is given up

¢ simplified models make strong assumptions on
branching ratios, masses of intermediate states

¢ theory uncertainties (cross sections/scales/pdfs,
initial state radiation)

Jun 15 G. Dissertori
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Exotica: Executive summary D e

¢ also this plot depresses me...

LQ1(e]) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud) Long T
LQ2(yj) x2 HSCP gluino (cloud) =
LQ2(uj)+LQ2(v)) Leptoquarks HSCP stop (cloud) ;
Particles
LQ3(vb) x2 q:Efge :§g£
LQ3(tb) x2 q=3e
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
0 1 2 3 4 3 4

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(j)), k=0.1
RS1(WW—4)), k=0.1
RS1(ZZ—4)), k=0.1

—lIjj), k=0.
bulk RS(ZZ—1jj), k=0.5 l+MET, £&=-1, S| DM=100 GeV, A

I+MET, €=-1, SD DM=100 GeV, A

0 1 2
j+MET, SI DM=100 GeV, A |
J+MET, SD DM=100 GeV, A |
y+MET, SI DM=100 GeV, A
y+MET, SD DM=100 GeV, A Dark Matter
I+MET, £=+1, S| DM=100 GeV, A
I+MET, £=+1, SD DM=100 GeV, A
0 1 2

3 4
SSM Z'(t7) Compositeness
SSM Z'(jj)
SSM Z'(bb) dijets, A+ LL/RR
o A L
SSM W' (jj) :
SSM W'(Iv) dimuons, A- LLIM
SSM W' (WZ -+ Ivi) slngl*la e, 2 :ngm
SSM W(WZ—4)) single p, AHn

inclusive jets, A+
inclusive jets, A-

Excited
e" (M=A) Fermions ADD (yy), nED=4, MS
H* (M=A) ADD (ee,up), NED=4, MS
q’ (qg) ADD (j+MET), nED=4, MD
q’ @y ADD (y+MET), nED=4, MD
b QBH, nED=4, MD=4 Tev | large Exira
2 3 4 NR BH, nED=_4, MD:d TeV Dimensions
loron(j) x2 Jet Extinction Scale
co . : ;
coloron(dj) x2 Mu HlJeT Snosese 0 3 6 9 12 15
gluino(3j) x2
glnolo) 2 sesonances CMS Preliminary
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Our milestones:

1. Why do ATLAS and CMS look like
they look like today?
2. Tools used Iin the analyses

3. Some highlights, and comments

4. What next?



Parton luminosities
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Well, this is another possibility — ® s

® VWe all hope for “easy’” smoking-gun discoveries during Run 2.

® BSM constraints obtained in run | will be washed out within a few

fb~!, opening the road for possible 50 discoveries by late 2015 or
2016.

e |[f that doesn’t happen, after that it'll be blood and sweat, and
discoveries will rely more and more on the detailed modeling of
the dynamics of pp collisions (see e.g. the Higgs observation at the
tevatron)

® So, if no quick discovery in run 2, the rest of the programme will
have to focus on precision

h‘ | (M.L. Mangano CMS Week Dec'13)

“In footballas-th-watehimaking, talent and elegance mean nothing without rigour and precision?
particle theory [Lionel Messi]

N[V B EST Oswaldo Guayasamin "Lagrimas de sangre” Courtesy L. Perozzi G. Dissertori 110
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_ The future D

So far: only ~1% (?) of the foreseen data registered and analyzed....

2009
2010
2011
2012
2013

LS1
2014
2015
2016
2017
2018
2019 52
2020
2021
2022
2023

o024 LS3

2025
20357 .

Pippa Wells, CERN

Last update - December 2013

LHC startup, Vs 900 GeV

Vs=7+8 TeV, L~6x10¥cm?s™, bunch spacing 50ns Run 1
~25 fb"

Go to design energy, nominal luminosity - Phase 0

Vs=13~14 TeV, L~1x10*cm2s"', bunch spacing 25ns Run 2
~75-100 fb"
Injector + LHC Phase | upgrade to ultimate design luminosity

Vs=14 TeV, L~2x10*cm™3s", bunch spacing 25ns Run 3

~350 fb”

HL-LHC Phase Il upgrade: Interaction Region, crab cavities?

Vs=14 TeV, L~5x10*cm3s", luminosity levelling
~3000 fb™

January 2014

G. Dissertori
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Conclusion
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LHC Pagel Fill: 3819 E: 6500 GeV t(SB) 00:12:50 03-06-15 10:53:23

PROTON PHYSICS: STABLE BEAMS

Energy: 6500 GeV I(B1): 2.94e+11 1(B2):

130 cm-2s-1 F

Intensity

- r T —
00:00 02:00 04:00 06:00 08:00
AUCE — MmS LH(b

I

T T
00:00 0200 04:00 06:00 08:00 10:00

BIS status and SMP flags Bl B2
Comments (03-Jun-2015 10:48:25) Link Status of Beam Permits

Global Beam Permit true W true

) . . Setup Beam
the LHC is back in business! P

(all IPs optimized) Beam Presence true W true |
Moveable Devices Allowed In true M true |

Stable Beams true J true |
AFS: Single_3b_2_2_2_with_nc_probes PM Status Bl ENABLED [J'INENTEY:Y ENABLED
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@ ETH Institute for
Particle Physics

CMS Experiment at the LHC, CERN
Data recorded: 2015-May-21 07:59:01.776704 GMT AT LAS
P, ¥ Run/ Event/ LS: 245194 / 31876157 / 47

EXPERIMENT First Stable Beams at 13 TeV

Event 1014192
Run 153454
Wed, 03 Jun 2015 10:57:16

Doing something ordinary is a waste of time.

Madonna
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Where to look.... P mzme

¢ Recent (big) conferences:
¢ ICHEP2014 : http://ichep2014.es
¢ LHCP 2014 : http://www.bnl.gov/Ihcp2014/

¢ Physics at the LHC and beyond, Vietnam, 2014
http://events.lal.in2p3.fr/Physics-LHC-2014/

¢ Rencontres de Moriond in 2015: http://moriond.in2p3.fr

¢ or the upcoming big confs (EPS-HEP, Lepton-Photon)

@ Of course, the experiment’s websites:
¢ https://twiki.cern.ch/twiki/bin/view/AtlasPublic
¢ https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
¢ http://Ihcb.web.cern.ch/lhcb/Physics-Results/LHCb-Physics-Results.html
¢ https://twiki.cern.ch/twiki/bin/view/ALICEpublic/ALICEPublicResults

¢ Review articles, such as

¢ Dissertori, LHC detectors and early physics, http://inspirehep.net/record/8486877In=en

¢ Butterworth, Dissertori, Salam, Hard Processes in pp collisions at the LHC, http://inspirehep.net/record/1087377?In=en

¢ J. Ellis, Theory Summary and prospects, http://inspirehep.net/record/1312173?7In=en

¢ D. Froidevaux, P. Sphicas, Ann. Rev. Nucl. Part. Sci. 56 (2006) 375

¢ T. Carli, K. Rabbertz, S. Schumann, Studies of QCD at the LHC, arXiv:1506.03239

¢ P. Bechtle, T. Plehn, C. Sander, The Status of Supersymmetry after the LHC Run 1, arXiv:1506.03091

¢ of course, there are many more on the market....
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