Highlights of Experimental
Results at Moriond-QCD

Arun Nayak
(DESY-CMS Group)

LHC-Discussion
04th May 2015



Overview

e (Goal of this talk:

- As the strategy of the conference, more time was devoted to
topics other than electroweak and Higgs

- Will try to highlight some important results from each session

- | may have excluded some important results/topics due to
my ignhorance

* Disclaimer:
» | will not discuss any results from heavy ion and Onia

» Some slides are taken from summary talk of T LeCompte
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HIgQQgs Results

Speakers:

- Christos Anastopoulos
- Tatsuya Masubuchi

- Andrew Mehta

- Aruna Nayak

- Roko Plestina

- Si Xie
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Spin & Parity

- H>ZZ>4l:

- ME based discriminant
with angle and mass
varlables
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- HOWW-2| :

- ATLAS : BDT with
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+ CMS : m,~-m; 2D fitting
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(in Collins-Soper frame)
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Cross section Measurements

- Total cross section combined
H>Z2Z-2>4and H> v v
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Slightly higher than theory calculation
(lowest p-value 5.5% at LHC-XS)
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Couplings

4_ T I 1 1 1 1 1 1
- ATLAS Prelim.
3:— Vs=7TeV, 4.54.7 fo"
~ Vs=8TeV,20.3fb"
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m,, = 125.36 GeV

+

CJH— vy,
CaH-2Z .
C_JH->WwW

NUH

—3; * SM — 68% CL * E::;@
C p ottty et L, ] B3 Copbined.
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Ky
o
J
= Searches for a 2" Higgs have come N
up negative 2
0 10
= Couplings look as predicted, to <
within the experiment’s ability to
measure 10
- Note that the top coupling comes
from the production, not from ttH 10°
10
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HIggs to Fermions

VH, H>bb H->fermions
(Exp.) (Exp.)

e Close to 5 sigma evidence for Higgs decays to fermions
(If CMS and ATLAS results are combined)

e Higgs to tau decay is the most significant

® The best evidence for Higgs to b decays is still from Tevatron
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ttH

ATLAS: arXiv:1503.05066 95% CL upper limit on o/0sm CMS-HIG-13-029
- ATLAS ttH, H>bb CMS ttH combination
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BSM Higgs
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® Analysed in MSSM (type Il) models
9@ Best exclusion at high tan B up to large masses

@ Also results at low tanp: H=>hh, A>Zh
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@ Charged Higgs searches: pp~>tt~, t>bH* (mu <mi) & pp->tH+/tbH+ (my > my)
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WL Top Mass (GeV/c"
Speakers: M
- Fabrice Balli : T
- Gabriele Benelli O
- Oleg Brandt I I
- Yuan Chao CDF: Phys.Rev.Lett.74:2626 (1995)
. “ 6
- Matteo Cremonesi § () (b)
- Carlos Escobar S 4+
<
2 24
=
(D]
>
2 gl -~ L
100 200 100 200

Fitted Mass (GeV/cz)

DO: Phys.Rev.Lett.74:2632-2637,1995
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¢ [n-situ JES calibration

e TOp mass measurements also from single top

events

e Determination of poll mass from cross

section measurements

Top mass

CMS Preliminary, 1s=7 and 8 TeV

T 1 l Ll T T 1 I Ll Ll T Ll I 1

ATLAS Preliminary

D0 approx NNLO: MSTWO08, 1.96 TeV 2009
DO approx NNLO: MSTWO08, 1.96 TeV 2011

Top quark pole mass determinations
compared to direct measurement

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014

ATLAS NLO: tt+1 jet, 7 TeV 2014*

Direct reconstruction LHC+Tevatron 2014

1 l 1 1 I 1 1 l 1
140 150 160
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Top Asymmetry

e New Results from DO and LHC

e Consistent with theory predictions

- The LHC asymmetry changes from forward-backward to narrow-wide

ATLAS+CMS,\'s = 7 TeV epreliminary

tt asymmetry
ATLAS l+jets

[JHEP 1402 (2014) 107]

CMS l+jets

[PLB 717 (2012) 129]

ATLAS+CMS l+jets

Preliminary

ATLAS dilepton

[ATLAS Preliminary]

CMS dilepton Foe |

[JHEP 1404 (2014) 191]

Theory (NLO+EW)

[PRD 86, 034026 (2012)

TOPLHCWG, September 2014

=== stat. uncertainty
— e = total uncertainty

(stat) (syst)

0.006 £ 0.010+ 0.005
0.004 £0.010+ 0.011

0.005 + 0.007 + 0.006
0.021+0.025 £ 0.017

-0.010£0.017£ 0.008
0.0123 + 0.0005

lepton asymmetry

ATLAS dilepton o 0.024 + 0.015 £ 0.009
[ATLAS Preliminary]
CMS dilepton K 1 0.009 £ 0.010 £ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 + 0.0003
[PRD 86, 034026 (2012)
| | |
-0.1 0 0.1
AC
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tt Ay Asymmetry (A::B)

CDF Lepton+jets (9.4 fo')

PRD 87, 092002 (2013) 1 6-4 _—|_ 47
DO Lepton+jets (9.7 fb™)

PRD 90, 072011 (2014) 1 0-6 i 3-0
DO Dileptons (9.7 fb™)

DO note 6445-CONF (2014) 18.0 £ 8.6

Lepton qn Asymmetry (A_)
CDF Lepton+jets (9.4 fo™) 3.2
PRD 88, 072003 (2013) — 94 T 2.9

CDF Dileptons (9.1 fb') 72+6.0

PRL 113, 042001 (2014)

DO Lepton+jets (9.7 fb™) 50 + 3.4

PRD 90, 072001 (2014) ™ — 3.7

DO Dileptons (9.7 fb™) 44+39

PRD 88, 112002 (2013)
Lepton An Asymmetry (Al)
CDF Dileptons (9.1 fb™)

—_— e —

PRL 113, 042001 (2014) 7.6 +8.2
DO Dileptons (9.7 fb™) 123+ 5.6

PRD 88, 112002 (2013)
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)

|| NNLO SM, M. Czakon, P. Fiedler and A. Iivﬁtov, arXiv:1411.3007 |
| |

-20 0 20 40
Asymmetry (%)

Tevatron

LHC

top
anti-top

n
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anti-top
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Vi Measurement

2 200 __Dilegton final state CDFE Run Il Prelimina%u&? fb
s N B Single top production allows direct
measurement of Vip: 0 ~ |Vip|?

0 1

R = 0.87 £ 0.07 (stat.+syst)
|Vio| = 0.93 + 0.04 (stat.+syst) ~
PRL 112 221801

| ___

v _

\ﬁ -LAS
EAPERIMEN]
\g -LAS
EAPERIMEN]
\ﬁ 'LAS
EXPERIMENT

i,
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2
Number of b-tagged jets

Wt-channel (7 TeV, 48 ")
PRL110 (2013) 022003

Wt-channel (8 TeV, 12.2 o)

PRL 112 (2014) 231802
t-channel (7 TeV, 1.17/1.56 fo)
JHEP12 (2012) 035

t-channe! (8 TV 19,7 fb-7)
JHERPOS (2014) 090

t-channel (7 and 8 TeV combined)
JHEPOG (2014) 090

t-channel (7 T8V 46 1)

PRD 80 112008 (2014)

t-channel (8 TeV, 20.3 fb™)

ATLAS-CONF-2014-007

Wt-channel (8 TeV, 20.3 o)
ATLAS-CONF-2013-100

Wt-channel (8 TeV)
AT_AS-CONF-2072-052
CMS-PAS-TOP-14-002

Vo] = 1.010 73153 (16%)
Vio] = 1.030 = 0.127 (12%)
Vil = 1.029 = 0.049 (5%)
Vio| = 0.979 = 0.048 (5%)
Vio| = 0.998 = 0.041 (4%)

Vol = 1.02 = 0.07 (7%)

Vol =097 3% (10%)

V| = 1.10 = 0.12 (11%)

Vil = 1.08 = 0.11 (10%)

Vio] >0.79 @ 90 C.L.
Vio] > 0.78 @ 95 C.L.

Viol > 082 @95 C.L.

Vio] > 092 @95 C.L.
Vi > 0.88 @ 95 C.L.
V| >0.78 @ 95 C.L.

Vi >072@85C.L.

Vo) > 0.79 @ 95 C.L.

14



BSM Searches

Speakers:

- Zach Marshall

- Santiago Folgueras
- H. Wells Wulsin

- Enrique Kajomovitz
- Oleg Ruchayskiy

- Zeynep Demiragli

- Greg Landsberg

- Jim Hirschauer
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SUSY - |

Strong SUSY production @ LHC

Electroweak SUSY production @_HC

Chargino-neutralino with higgs

Chargino-neutralino VBF production

r ¢ I . VBF topology: 2 jets j
. / ¢ x @ o , Thelightest | |withlarge An ;
P, Xz .. t/ o : L TTTT X1 neutralino is
) i’) massive and
7 ﬁ.‘\\lx‘ 7 it -;;;;" X the LSP
v W
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/ -d: e y \‘1’ '-',\:‘;;.- é Gra,\;itino ) 2 ;
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B ssles S
\\“& VA ma S (;/(/
heavy sleptons, decay to W/Z. Decayto h = bb, Tr, WW, 2z and vy l Ry '
More difficult due to leptonic BF DI \
3L, 4L search 4b’s ) 1 lepton + bb &)ompresséd scenario.
2L (0S/SS) search || 2v +2(bjjets 2L (SS) Stau as ihe NLSP
2th search J 1 lepton + yy 3L search J 2L + MET .
(- L
10Ellllll"::"'llI'IIIIIIIIIIIIIIIIIIE
)'_\ o, [pb]: pp — SUSY LPCC SUSY c WG
i ] = 10g T Mo
1 B VS=8TeV _| s kK =03
§ : ; 1 . o o
- n = I PP
Af > F =10 >
10 | . p 107 ] &
= o 310,
- e = =
2| C 107k 1 Q
10 & —~ 3 = 102 5
u - C Z
- 4 10°g ©
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Stop searches

SUSY-I

11, production, t,— b f P 7. /T, > ¢ X, /> Wb, /T > X, Status: Feb 2015
;‘600_||||||||||||||||||||||||||||||||_
(GDJ - ATLAS Preliminary L,=20f" /s=8 TeV L, =471" /s=7 TeV
— B -t -t xo OL [1406.1122] 0L [1208.1447] 7]
o B —.t —t %y 1L [1407.0583] 1L [1208.2590] I
£ 3500 — it pa 2L [1403.4853), 2L [1412.4742] 2L [1209.4186] ]

| =E t - W b X 1L[1407.0583], 2L [1403.4853] .
| == T —c X 0L [1407.0608] ]
B -t Sbiry X, 0L [1407.0608], 1L [1407.0583] |
; —
4001— g " A

— = Observed limits ==== Expected limits

I~ All limits at 95% CL

Lovwo Do DN bl

Not much room left for a light stop
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Searches in VBF topology
Technigues developed originally in Higgs studies
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SUSY Summary

Large Number of analyses with many different final states
ATLAS SUSY Searches™ - 95% CL Lower Limits

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model ety Jets ET [raqm™) Mass limit Reference
T T v T T T v —
MSUGRACMSSM 0 260015 Yes 203 | &R 1.7 Te¥ midemiz) 1405.7875
30, ety 0 26jels  Yes 203 4@ 050 GeV ] (o2 GaV, m{1* pea. gem 2% pon. §) 1408 7073
q@y.:}—«,&"j {comgrassed) Ty Ofjet  Yes 203 |4 250 GeV mdmiEy) = mid 14111559
i, kit 0 26jets  ves 203 R 133 TeV miE| |0 GaV 1405.7875
B, Frqg¥] —qgW2E] Tep I6jels  Yes 20 |* 12TeV M 1300 GaV. m|§* =0 5miE} fem () 1501 (3555
38, F-eqal L0/ tv) k| 2ep O03jes - 20 & 1.32TeV miF] =0 GeY 1501 03655
GMES (/ NLEP) 1.2:+01¢ 02018 Yes 203 | 1.6TeV Ly 20 14070609
GGM (ino NLSP) 2y - Yos 20.3 I 3 1.28 TeV mif! 1250 Gev ATLAS CONF-2014.001
GGM (wino NLSP) Tep+y Yos 48 mii, |>%0 GaV ATLAS CONF 2012144
GGM (niggsino-bino NLSP) Y b Yos a8 il 15220 GaY 1Znne?
Gravitino LSP 0 mono-jet  Yes 203 F'? scale 65 GeV M1 8 x WY o, @)= =1 A TaY 1502 M8
g-nm. 0 ab Yes 200 | R 1.25 TeV ) 400 GV 1407.0600
&E g—m’f‘ 0 T10jets  Yes 203 )R 1.0 TeV il | <550CaV 1308. 1041
g—ail) 0-1ep b Yes 200 R 134 TeV Y] 400 GaV 1407.0600
e a-it) 0-1 e 36 Yes 201 |& 13TeV miF] <300 GaV 1407.0600
byby, by bty 0 26 Yes 201 | 100-620 GeV M <90 GeV 1308, 2631
baby, by -«n. 2e.p(SS) 036 Yes 203 |5 275-440 GeV miE] =2 mif) 1404.2500
fify, bt 12ep 126 Yes 47 | L IsETae v ~ 230-460 GeV M) = 2mE ), i s G 12062102, 1407 D583
fuir, iy - wok] or 287 2ep 0-2jels  Yes 203 |§ 90191 GeV 215.530 GeV mif| =1 Gov 1600 AB53, 1412 4742
s fuiy, i .m 0-1ep 120 Yos 20 i 2104640 GeV mif) =t GaV 1407 D403, 14061122
E fiiy, iy =k 0 monoeti-tag Yes 203 | 90-240 GeV i i <8 GV 1407.0608
x /14y (natural GMSB) 2,0 (2) 10 Yes 203 | 150-500 GeV i} 12150 GaV 1403, 1222
RS kbt + Z Je.p(Z) 1h Yeo 203 |& 290-600 GeV TNET <200 GaY 1400 5272
Wndig, I-0%) 2e.p 0 Yes 203 |7 80-328 Gev i} o2 GaV 14035294
BT B} 0w 2e.p 0 Yes 203 | &) 140-468 GeV T o0 GV, . . ST oy} 14005294
t.i. K} —Pe(ri) 2r Yes 203 A 100-350 GeV ME] =0 GaV, mi7. #)=0 5m ¥} bem(¥])) 14070850
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And similar results from CMS....
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Exotics

Again many searches for high mass exotic particles...
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And similar results from ATLAS 4



Dark Matter

—
SM X
e Use same objects as other searches (leptons, jets, MET)
e No significant excess have been observed so far
SM X

Collider production
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Summary of BSM searches

® No evidence of any new Physics yet

® Looking forward to Run-2
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B-Physics

Speakers:

- Angelo Carbone

- Andreas Crivellin
- Francesco Dettori
- Leonid Gladilin

- Nazim Hussain

- Cai-Dian Lu

- Donatalla Lucchesi
- Derek Strom
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Rare Decays

CMS and LHCb (LHC run [) 6 most sensitive bins
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Measurement of sin(2@) at LHCb

Jip—prw Exhibits a time dependent CP asymmetry
A(t) = ['(B°(t) —» JAK?) —T(B°(t) » JAKY)  Ssin(Amt) — C cos(Am )
T T(BO(t) = JW K9 +T(B(t) — JAb K9) cosh(£}t) + Aarsinh(21Y)

Jf

Al'=0 for B mesons,
K9 Ko —mm A(t) :@in(Am t) — C cos(Amt)

S and Care CP observables and S = sin(2p3)
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LHCb result competitive to that of B-factories
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Measurement of y at LHCDb
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Better than the B-factories
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FWK & QCD

Speakers:

- Sabine Lammers

- Daniel Johnson

- Daniel Britzger

- Stefano Carmada

- Andreas Hafner

- Milena Misheva

- Peter Svoisky

- Georgios Mavromanolakis
- Brian Lindquist

4th May 2015, Arun Nayak

26



1.8
1.6
1.4
1.2

Ratio to NNPDF 2.1

0.8
0.6
0.4
0.2

Jet cross sections & PDF

d’o _
dp,dy|

CMS Preliminary \s=8TeV L=9.2fb" anti-k, R=0.7

Cunfold . N jets
e L ApTA|y |

2.2 I]]llIIIIITIIII]IIIIIIITII‘IIIIIIIIITIIIII

00<lyl . <05 Theor. Unc.

—e— Data 5] Exp. Unc.
- = MSTW2008
---- HERA15
=== CT10 .
— - ABM11
aeay el TS R AR R
et Se——— _— R R et
- T = -
_,:;
0llllllllllllllllllllllllllllllllllll lll-‘
500 1000 1500 2000 2500 3000 3500 4000 4500
i(GeV)

Experimental uncertainties comparable to the
theoretical ones

Some PDFs describe the data better than others

These measurements are useful for tuning and
constraining PDFs
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Os Measurements

Inclusive |et cross sections
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CMS incl. jets : ag(M ) = 0.1185"7°0
z -0.0042

CMS R,

CMS tt cross section

CMS inclusive jets

CMS 3-Jet mass

4 O §m >

DO inclusive jets
DO angular correlation
HA1

ZEUS

< O o p

IIIIIl| |

10 10°

10°
Q (GeV)
as (Mz) =0.1185 = 0.0019 (exp.) +
0.0028 (PDF) +0.0004 (NP) -/+ (0.0024,
, 0.0053) (scale)

First Measurements at 1.4 TeV

Also results from H1 with most precise
measurements from multi-jet cross sections
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/+|ets & y+]ets
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MadGraph describes the shape of the ratio,
but predicts 20% normalization difference
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V+N-Jdets

CMS Preliminary .
— 19.6 fo™' (8 TeV) FH7: Data
® T T T T T T T T T 2 10° E_ T T T—| —&é— Sherpa2 (<2j@NLO 3,4j@LO + PS)
5 10" g~ ATLAS @ Data, s=7TeV, 46" P = ——#—— Madgraph + Pythia6 (<4j@LO + PS)
@ . Pred sys (] W— ev (ALPGEN) e i 4
10° 0" pred sysestat Bt 5 100 . i
8 I Other 8 » :
10 C1Z—ee 10 —*— -
107 ] Multijets ; ——.— é
- W-— ev (SHERPA) 1k .
10° - —— g
-1
10° 10 3 =t ?
20 e o ]
10° 10 E antik, (R=0.5) Jets
2 - P >30 GeV, ™| <24
b 1073 E‘ Z/y*— Il channel -
102 - - - - - - ——
© -
g 1.5 '—é—:
10 1 1 ] 1 § 1
© 15F 1 1 I I I I I I = § g A
S X —— » 05 ~ [ Stat. unc. (gen) =
— 1 ................. —_— 5 : E = + + - :
& 05 1 1 | | | | 1 | 1 | _- E- 1 i gl '/'{ﬁif'ﬁigéf/// ///W
Q o - 7
0 1 2 3 < S 6 7 8 b 05 E
= -J L[] Stat. unc. (gen) ]
N""ﬁ - A A e e e A A
=1 =2 =3 =4 =5 =6 =7
Njets

e Major backgrounds to many searches
e Measurements up to >= 8 jets

e QOverall good agreement with the prediction
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Summary

 Many interesting results were presented at 2015 Moriond-QCD

* This shows the hard work of the experimental community in trying
to extract maximum possible information from available data

e However, no-signs of new physics yet

* The coming years will be much more exciting with LHC Run-I|
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CP Mixing

- Spin 0 and CP-mixing studies
* Pure BSM CP-odd (0°) scenario excluded
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No large CP violation in Higgs sector is observed
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Extraction of strong coupling constant o,

Simultaneous x2-fit to normalised inclusive jet, dijet and trijet cross section
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No extra CP violation in bottom physics®?
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