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2016 LHC and ATLAS performance =

« Between 3 and 15 fb-! selected by public

‘._'_‘ : T T T | T T T | T T T | T T T | T T T | T T T | T T T :

ATLAS results 2 50 ATLAS Online Luminosity 5= 13Tev -

* Depending on analysis and final %‘ - [[] LHC Delivered .
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Higgs Sector

Longitudinal view Transverse view

Run 189483, Ev. no. 90659667
Sep ]) 2011, 10:11:20 CEST

ATLAS

EXPERIMENT
hﬂp.//uilus.ch

H->WW->|vlv candidate event



Decays of the Standard Model Higgs =
y & ﬁt

1 1 1 1 ] I I I | 1 1 I 1 T - 1 I
TR W

IIIIIIll

ng_;gs BR + Total Uncert
o
N
N
| L 11 lllll

L Ll

Q
IS

—
S
W

|

1

1

/ Ll | llllllll

| | | I E | | | | |

'4 1 | | | 1 | 1 | | |
1080 100 120 140 160 180 200
M, [GeV]

Frederik Rihr, February ‘17 6



H->WW

ATLAS Prelim. |—of(stat)  Total uncertainty
my = 125.36 GeV _G(tst)‘/:oi:;,c. +1o onp
Phys. Rev. D 90, 112015 (2014)
H=>wn o5
w= 1177927503
arXiv:1408.5191 -
H—2z* -4l 55 —t
W= 14475 |05 -
arXivi1412.2641 AL
H— WW* = vk 3%
w =1.0919%7 a3
arXiv1409.6212 -
WZHobb %]
u=0.504185|  —1—
ATLAS-CONF-2014-061 -
H— iy
w=1.475[%3
0 05 1 15 2

Vs =7 TeV [Ldt = 4.5-4.7 fo"
Vs =8 TeV [Ldt =203 fb”

Signal strength (u)

released 12.01.2015

—~
H->WW important discovery
channel in LHC Run-1

« Largest event yield, but difficult
backgrounds

Conference note (ATLAS-
CONF-2016-112) public with first
Run-2 results

« Statistically still very limited -
using 5.8 fb™"

New developments?

Frederik Rihr, February ‘17 7



NS

H ->WW - Couplings and beyond =
pPliNg Yy N

g q
\'L\.\/\)TI‘/’(]Z q ‘Lf P "‘/r
cenn D W — _./
g q q'

« Signal strength y is a very simple view of the process

« Different production mechanisms and decays include different couplings (and
potential beyond the Standard Model contributions)

“Higgs coupling” at the LHC:
Ko Kz Ky Ky K Ky K, K, Ky

« l|deally be able to scan/fit these, in the context of a
complicated analysis

« 16 signal regions, 5 control regions to
constrain backgrounds, 3 external inputs

Frederik Rihr, February ‘17



P
NS

H -> WW - Morphing %

* Need to predict observable distributions from a composite model
« HEP model * soft physics * detector response * reconstruction

« Straightforward way: Grid scan

gee
e® o
o0 ©® D

gBSM
gBSM

gSM gSM

« For more than one coupling, many samples needed even for very rough
granularity
« Can one turn the grid scan into continuous function?

Frederik Riihr, February ‘17



H ->WW - Physics inspired morphing‘

« Template morphing applicable if matrix element factorizes

|M(§)|2 = ( Z gao(ga)) ( Z gao(ga))

TEP,S

.

xed,s

A -

production decay

"
t

« Model cross-section at arbitrary point as linear interpolation of templates,

example: Template

Template

)

oy | S

—
Template

)

@y [\ A/

~

(gsm,gBSM)

1
wy = 1-gsm>—1-gsm - gesm+0 - gBsm> Target
4 I
2
we = 0-gsm>—1-gsm - gsm+1 - gesm>
3
2 N g
w3z =0-gsm“+1-gsm - gesm+0 - grsMm T

Trarget (950, g85M) = (95Mm” — gsm - gBsm) T jnput(1,0) + (gBsm — gsm - gBsm) Tiinput(0, 1)+ + gsu - gasm Tiinput(1, 1)
N ” —

=un

=w9 =w3

Frederik Riihr, February ‘17
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H->WW —~

« For higher dimensional basis, there is still a o 35[ | ]
significant number of input samples required g 301 VBE 1 ~V]
for e.g. VBF H->WW 2 ol

« Significant effort goes into finding 3 18 i
optimal minimal fixed sample basis S sl — eFH-VV
' 3 4
« Computing resources unfortunately bottleneck number of operators

for many analyses
» Detector simulation of samples is an expensive component
» Use matrix element reweighting to get input samples
 Why morph afterwards if reweighting is used already?

« Morphing creates distributions on the fly during a fit - running over millions
of events while reweighting computationally too expensive

- Stay tuned for 13 TeV data Higgs coupling measurements
* Property analysis techniques are under heavy development

Frederik Rihr, February ‘17



H -> bb - Status

@LHC

* Practically impossible to distinguish from

QCD background

Large number of e.g. ggF H->bb events are produced

m=)> Associated Higgs production, e.g. H + W/Z

 No discovery yet
Run-1 Status

ATLAS  \s=7TeV, [Ldt=4.7 fb; \s=8 TeV, [Ldt=20.3 fb

: T T e e
— — tot. ]
stat] tot (stat syst)
+0.88 +0.72 +0.50
2 lepton [— L S 0'94'—0.79 -0.68 -0.41 )
+0.66 (+0.50 +0.43
1 lepton |- L 1‘17—0.60 (—0.48 Z037)
i .0.35+0.55 (+0.49 +0.26 _|
0 lepton {— p=o=1 0.35" 052 \_044 _0.27)
. +040 (+0.31 +0.25 _|
Combination 1=0=4 0.51 ~0.37 ( ~-0.30 -0.22 )
ol v bv v v v by v e s bvss s bavvaa bvvs s ban s s oy

-1 0 1 2 3 4 5 6 7
best fit p=o/cSM for m =125 GeV

/

Run-2 Status

ATLAS Preliminary {s=13 TeV, [Ldt=13.2 b

— — Tot. —
Stat. Tot. ( Stat. Syst.)
2 lepton [-H—e— 02470758 (7055 1085 -

1 lepton |-  pei=—@=im]

T L L L L L |

+0.94 +0.67 +0.67
0'25— 0.92 ( -0.64 -0.67 ) B

+0.73 +0.59 +0.44
Olepton |-  p—o—4 0.47" 0.69 (* 0.55 —0.42 )
s 1051 (+036 +0.36) _|
Combination Fod 0.21" 0.50 (L0325 Zo38)
N B R N B E N
0 2 4 6 8 10

Frederik Riihr, February ‘17

Best fit u=c/c__for m =125 GeV
SM
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Physics potential of 2015+2016 data |

luminosity ratio

James Stirling

100 ——
[ ratios of LHC pa

N
o

"

WJS2013

——99
---- 2qq
-—cemecmmen qg

rton luminosities: 13 TeV /8 TeV

{Data at 8 TeV: 20 fb-' (Run-1)
Data* at 13 TeV: 3-13 fb-' (Run-2)

] * Analyzed for current public results

Ratios to match Run-1
number of events
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A->Z+h->vwv/ll+bb

NS

b
Resolved regime

L b small m,,, low p.(h) 2 small-R (0.4) calo. jets
>

N A ‘e >
7

=
\
AN

Z "
0
(%) Merged regime
P 0 or 2 leptons » [ 1 Iaégﬁ;Rjétl'O)
.';.- 'v_". | - . +
2 small-R (0.2)
track jets

» Search for a CP-odd, pseudoscalar Higgs boson A decaying to a SM-like Higgs
boson h and a Z boson in a Two-Higgs-Doublet model

* General analysis design
» Split data whether charged leptons or neutrinos in final state

» Define signal regions in m,,, two control regions each to constrain ttbar and
Z+heavy flavor background

* First Run-2 result public in spring 2016 with 2015 data only
« Multiple improvements, including added “merged” category

Frederik Rihr, February ‘17
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A->Z+h->vwv/ll+bb

95% C.L. limit on 6(A—Zh)-BR(h—bb) [pb]

I‘l My Risall I LB I T 70 l T 0 I T T I T T I g | l Hagdagh I T
P - —e—Observed (CLs)
10E |ATLAS Preliminary ~*~ Expected (CLs) E
C \sk13Tev, | Ldt=32f ' matto .
- [J+x2 ]
\ A—Zh— Zbb — - Z—vv expected (CLs) |
-----Z— Il expected (CLs)
15 W =
107" ]
10_2...l...I.[.I...I...I...I,..I.H...
200 400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]

No significant excess found, derive constraints on

95% C.L. limit on 6(A—Zh)-BR(h—sbb) [pb]

mass and cross-section x BR of particle A

2-lepton vs. O-lepton (MET) channels and resolved
vs. boosted selection excel in different mass ranges

Constraints in two Higgs doublet model close to

Run-1 results - with only 3 fb-1

~10 times more data being analyzed

—

T 1771 l | 5 L [ T T 7T ] LA l T 17T l Wil ] T 171 l | FpE AL | I T 171 l T =
: ATLAS Prehmlnal’y _____ Expected (CLS) :
- \s=13TeV, | Ldt=3.21b" 5 1
B — - Low p_ expected |
10E A—Zh—> Zbb T 3
- NN R N P High pi expected 1
‘A i
1N =
E N\ E
- N ]
1= - -
e
e - i
10" \\ =i =
E T :
10—2 l LAl l - l Ll l - I Lol L l L1 l - l oL l LA L I A
200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV]
@ [ T I T l T I TT I T T T T 1
c ATias pp—A—Zh m,=600 GeV Type Il
S Prelimlnary — Obs 95% CL limit +%3 band
10 "(s=13TeV ~— Exp95%CLImit  +2cband ]
:J. Ldt=3.2 tb' [Z]Excluoea I,im,>5% |

1 IllIIlIill

PR R L il T

-08 -06 -04
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H->TT

"
__n.\_

« Likewise, both heavy Higgs search as well as “rediscovery” in Run-2 being worked on

ATLAS —:(("'a':s'i"’:)th ) Total uncertainty
—o(Syst. excl. theory
my=12536GeV | +1oon e Stay tuned for Run-2 SM results
I I - * Two iterations of BSM Higgs->1t
Hott ow=tdhie:) - o 0 o :
................................. ol l 1 | already pUbI|C
Boosted e RS =
VBF p=12735¢|03 i il : i
7oV (Comtined = 0911|183 | fefmt | ¢ |
8 TeV (Combined)u = 1.5 -ga +03 1 C l g [ IA-"-LAS Prlellrlmr;ary LI Io;)se:,veL T T ]
<07 : : : -
-0.7 : | p—t——y : — P - - - Expected
10|+06 : : : = 10 H/A — tt, 95 % CL limits p —
H = Tuglop  1=2053 o i T : ? 05 5=13TeV, <133f" | n ]
Boosted | w=3.0720[ 14 1 ] : | , < - b-associated production 2015, 3.2fb™ (Obs.)
VBF w=17350 . —— ; L 7
. : . oc
+04 N . . p—
-03 . Lo . : m 1 =
H_)tlepthad u=108§ -gg Lo . X o E
_________________________________ A N R 1 o .
Boosted n=0.9 ;3 '3;2 l —t ' i : ~ :
VBF w=1.005"03| | = | P 10k -
+05 N N . . . - -
05 . . —t . . . - S 3
H_)rhadrhad u=2033 -(g]g '_.__'_‘ : C ----"~--________:
................................. ol | : | : B
Boosted | H -36?2 ég i : iP= — [ " " ThagThaa (EXP)
VBF n=14737:0% i '—|—1 l : 1072 E ’Tlepthald (Exp.) 1 | 1
0 2 4 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
\s=7TeV. 45 fb" 200 400 600 800 1000 1200
- iy . Signal strength
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Search for Supersymmetry

~ Run: 271516
Event: 7786087
2015-07-13 09:38:38 CEST

EXPERIMENT

Event with two top quark candidates and a missing transverse momentum of 470 GeV

Frederik Riihr, February ‘17 17



Looking for stops n |

* Low mass of supersymmetric (SUSY) partners of top quarks (stops) well motivated
from theory - stops are special!

« Constraints on stops are much weaker than on partners of light quarks and gluons
» missing t-channel production via Gluino exchange

t
* Focus on “simplified models” D :
» Assume a limited number of sparticles t X
in reach, all others very heavy --"
« Result of one analysis = TS~o 0
one building block to test full models t X1
p :‘
== Benchmarks
t
t1 t1

4 — b
D %4
Sparticle C1.N2 tN -0
masses _ - ~+ Xl

- Xl
~ N/:F

N1 N1 S o 1 N
i %!
a) Bino LSP b) Wino NLSP p W

b
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Looking for stops =

Y L=

* End of Run-1 focus of team was pair production of stops in fully hadronic final states
and final states including one lepton (e/p)

 ATLAS did pMSSM scan during LHC long shutdown 1, checking ~300000 model points

« Alarge fraction of models

surviving constraints in the region ATLAS pMSSM: 2(1’ LSP
“excluded” for simplified models S 800_' s mnn ] a0 ! D
had 1-leptons in the final state (3 | \s=8 'Iev, 200'3 fo E‘ - bea I %
- Joined the effort in Run-2 W s00- Lo —t, - bify, =0.8 5%
c s
b 1% I 62
p T 400_— S5
7 ~ 45
t --- - 9
R < G : 3
200~ T
S o N L O.QLL
LS T : i
/ I-- G i
P <T O S
0 200 400 600 800 1000
1% ~
b m({) [GeV]
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Stops - Run-2 Status =

Y L=

* No significant excess above Standard Model backgrounds observed in any channel
 The two areas of focus stay the same

+ Extend coverage to higher masses/lower production cross-sections

* Try to “plug holes”

tf, production, t > bff % /t—>c% /t>Wb¥, /t—>tX,  Status: ICHEP 2016

;‘ 600 _l L I LI I L I LI L I | I L I rrrT I L l T l-
8 -~ ATLAS Preliminary 1s=13 TeV —
= r BRIt /T Wby t0L 13.2 fb'' [CONF-2016-077) .
EON— 500|— = I-17, t1L 13.2 b’ [CONF-2016-050] —
- Bt Wby t2L 13.3 fb' [CONF-2016-076) .

T ESiocy MJ 3.21b"[1604.07773] ]

- 15=8 TeV, 20 fb" Run 1 [1506.08616] -

400— —

- = Observed limits =-== Expected limits All limits at 95% CL 1

300(— —
200}— —

p ]

100 —

- _

L, |

0 -l || l/ l 111 1 L1 I 1111 l 1111 l L1 l | | I 1N l/“i 1 l—

200 300 400 500 600 700 800 900
m;, [GeV]
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SUSY - Remaining Refuges

600

M_o [GeV]

400

300

200

100

>

“Natural” Supersymmetry under tension from LHC data
e Even for light stops, interesting corners remain

tf, production, t— b, /t—> ¢ % / > Wb/t t X,

Status: ICHEP 2016

ATLAS Preliminary
N ~0 % ~0
-5-—;11‘/11—>be‘
ity
rye ~0
Bt-owby,
e ~0
= t—=cy,

~ 1s=8TeV,20fb"

lLlIlIlllllIIllllllllllll

T~ T T
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Expected limits All

500 600 700 800 900

at 95% CL

600k MaSTeRcooe

0 500 1000 1500 2000

lllllllllllllllllllllllllllll

m; [GeV]

Frederik Rihr, February ‘17 21



Dark Matter interpretation of SUSY searches =

g £(D)
With SUSY “naturalness” under o/ X
pressure, is low scale SUSY worth the -
“‘effort”? X
SUSY searches have been re- ¢

& f(b)

interpreted in the context of simple Dark
Matter models

DM-+tt scalar mediator, 9,=9,=9

>' 2QQFATLAS Prefiminaly 7T T o

: : . B {gorls= 13 TeV, 13.21b" A is

Run-2: Dedicated signal regions = o observed limit Sl =

attached to searches for SUSY, sharing & 160F.... ciectediimit o) Lsoet ER=
techniques, background estimates, ... 1‘2‘8;_ Conoursforg=8.5 A (0 E
* Looking for Dark Matter + heavy 1005_ \ E
flavor production 805— e Ny E
60" ! E

0 4, 119, 2|4 3[2
0 50 100150200 250300 350400 450500
m, [GeV]
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Summary =

» Freiburg group has three main areas of emphasis for early ATLAS Run-2 data analysis
 Higgs -> WW
« Higgs -> fermions
» Searches for Supersymmetry (stops)

» In Higgs sector, searches for heavy Higgs had priority at first due to favorable
parton luminosity ratios of 13 to 8 TeV

» Typically a factor of 3 to 10 more data already recorded and being analyzed
« Stay tuned - Rencontres de Moriond are just around the corner

23



