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©introducing the SUSY-Yukawa sum rule

o hierarchy problem: loop contributions of SM particles (e. g. tops)
let the Higgs potential depend quadratically on the cut-off scale

t 7§L,R

— —

o new particles (stops) with sub-TeV masses required to cancel
these contributions

o couplings to the Higgs boson have to be equal




We want to measure the coupling hhfL,RchR:
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o direct measurement not feasible at the LHC
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o direct measurement not feasible at the LHC
o EWSB [0 contribution to stop mass matrix




o stop mass matrix: £ = (£5,1%)M?(tr,tr)

M2 — m% +mi? + Ay my(As + pcot 3)
t mi(Ap + peot B) mi +mi? + Ag

o rotation to mass eigenstates via
t1 = cosbitr +sinb;tp
ty = —sinbit; +cosbtp
o then re-express M3,
m% +m+ A, = mtg1 cos® 0, + mi sin? 0,

o analogously for sbottom system




eliminating m% yields the SUSY-Yukawa sum rule (m; — 0)

2 — 2
my” + Aug = M7

cos? 0 + mt22 sin? 6; — m% cos? O — m% sin? 9bJ
1 2

_ 2 2 ~ 2
where A,y = Ay — Ag = m7 cos® Oy cos 23 = —myy,

o sum rule expresses stop-Higgs coupling in terms of measurable
quantities (masses, mixing angles)

o SUSY weak scale stabilization (in principle) testable at the LHC!




Introducing the SUSY-Yukawa sum rule

.and what about radiative corrections?

o above derivation valid at tree level

o to quantify effect of radiative corrections, define

1 : .

Y = ﬁ( %1 cos? 9t+mt22 sin? Gt—mgl cos? 9b—m§2 sin’ Gb)J
o SUSY tree level prediction: YTiee = 0.28 (tan 3 > a few)

/0,05

SuSpect scan over pMSSM
parameter space yields
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. ‘generic’ prediction: |Y| < 1672
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Q@ masses
m£1 ? mfz

mgl ) mgz

@ mixing angles
sin 0t
sin 01,

tan 3 (minor impact)

o additional information helpful (to pin down radiative corrections)




9 masses

@ mixing angles
sin 0t
sin 01,

tan 3 (minor impact)

o additional information helpful (to pin down radiative corrections)

0 most promising at the LHC




Mass measurements — overview

Mass measurements in missing energy events
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see e.g. BURNS, KONG, MATCHEV, PARK, 0810.5576

SUSY mass measurements complicated, as event cannot fully be
reconstructed (LSP escapes detection)

o endpoint method
measure kinematic endpoints of invariant mass distributions of
SM decay products

o polynomial method
attempt exact event reconstruction

o M5 method
reconstruct endpoint of transverse invariant mass

for short decay chains (n < 2), we need to rely on Myp,!
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o consider decay W — fv: invariant mass
2 2 2
myy = My +m1/+2p£'p1/

o but we know only p¥. =pr

o consider transverse mass instead

mf. = mf+m? +2( B4 B~} -p) |

o myy is then determined by the endpoint

mw = max {mg} J
all events

o Note: m, and p%. are known




v
s

SM decay products

MET

BARR, LESTER, STEPHENS, HEP-PH/0304226
SUSY events complicated by
@ two missing particles

o LSP mass unknown




BARR, LESTER, STEPHENS, HEP-PH /0304226

SUSY events complicated by

- -1 @ two missing particles
MET O LSP mass unknown
m O the best we can do

o use trial LSP mass x

)
;/ . . . .
SM decay products © minimize over all possible LSP

momentum configurations
O define the stransverse mass Mo by

edge of distribution: M7a(X)max = % + \/(M;Xf”z )2+ X2




BurNs, KoNG, MATCHEV, PARK, 0810.5576

for n > 1 step decay chains:

.

ISR Tp P Tet1 T
p(p) / Xn 41____ Xp 41____ Xc+14 X A
e X Xep X

generalize M7 concept to subsystem M}g’p’c)(x)
(n: grandparent index, p: parent index, c¢: child index)

U Mg’p’c)(x) endpoint yields relation between m,,, m, and m. J




LHC prospects for the SUSY-Yukawa sum rule

Our benchmark scenario — main virtues

mil
m£2
sin 9,5
mgl
mg

371 GeV
800 GeV
—0.09
341 GeV
525 GeV
98 GeV

tang = 10
o(pp — t1t§) = 2pb
o(pp— gg) = 1lpb
Br(j — bb)) = 100%
Br(by — bx}) = 100%
Br(t; — tx)) = 100%

o study pp — §g — bbbiby — 4b-+Fr | and pp — hat§ — tt+ P |

o for now: parton level analysis using MG/ME and BRIDGE

o more realistic analysis (Pythia, PGS) in progress
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LHC prospects for the SUSY-Yukawa sum rule Parton level analysis

Gluino pair production — 4b + I

It’s all about finding edges!

o consider pp — 2g — 2b+ 2b1 — 4b +Fr
o o(pp — 2g) ~ 11.6 pb for /s = 14 TeV

o basic Er, B cuts & require 4 b-tags

o with £ = 10fb~!: ~ 4800 signal events,
SM background negligible!

o however: combinatorial background — which b-jet is which?

several possible ways to get rid of ‘wrong’ pairings (e.g. AR)
[0 we always require two independent methods to yield consistent
results (otherwise measurement is rejected)

14 /21 M. Blanke SUSY-Yukawa sum rule



LHC prospects for the SUSY-Yukawa sum rule Parton level analysis

Mass determination for g, 51 and )2(1)

@ My, invariant mass endpoint can easily be recovered

o need two more edges to pin down all masses [ ]\[1(220) ]Ul%l 0)

BARR ET AL, HEP-PH/0304226; BURNS ET AL, 0810.5576

M;*'°(0) without combinatorial error reduction Mr;"°(0), dropping the largest 2 possibilities per event Mr,"""(0) with known decay chain assignment
K=(317.3 £ 2.8) GeV K=1(310.7 £ 3.7) GeV

/(5Gev) H/(5Gev) 1/(5GeV)

350 140)
700
600 300 120
500 250 100)
400 200 80 -
300 150 5 6
200 100 10
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T r‘r—ﬂ—‘ L
300 320 350 o s 300 320 350 o0 T 300 320 350 a0

0 combining those, we obtain the mass measurements

| 68% C.L. | theory |
m; | (316,356) | 341 GeV
mg (508 552) | 525GeV
mgo | (45(),115) | 98GeV

1

) LEP lower bound
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 LHC prospects for the SUSY-Yukawa sum e Parton level analysis

o analyze pp — 2t; — 2t +Fr

o o(pp — 2t1) ~ 2pb for /s = 14 TeV

o impose standard cuts & use hadronic tops
(following MEADE, REECE, HEP-PH/0601124)

o with £=100fb"': S/B ~ 14, S/v/B = 140

o straightforward to extract

(Mr2)max(x = 0) = (340 £ 4) GeV | theory: 336.7 GeV

© using our previous mgo measurement we find (68% C.L.)

356 GeV < my, < 414 GeV J theory: 371 GeV




o ISR introduces “unbalance” in transverse momenta
O Mro edges are ISR-dependent

ALWALL ET AL., 0905.1201
KONAR ET AL., 0910.3679

NoOJIRI, SAKURAI, 1008.1813
2 ways out:

@ perform ISR-binned analysis O Mypo(prsg) O true Mrpo

@ introduce My @ analogous to Mpg, but consider only pr L pr sk
0 ISR-independent




LHC prospects for the SUSY-Yukawa sum rule Full simulation - preliminary!

Effects of initial state radiation etc.

o ISR introduces “unbalance” in transverse momenta
O Mo edges are ISR-dependent

ALWALL ET AL., 0905.1201
KONAR ET AL., 0910.3679

NoOJIRI, SAKURAI, 1008.1813
2 ways out:

@ perform ISR-binned analysis O Mypo(prsg) O true Mrpo
@ introduce My @ analogous to Mypg, but consider only pr L pr sk
O ISR-independent

o FSR, hadronization, detector effects:
minor impact, mostly taken care of by jet clustering

[0 loss in statistics, but combining both methods reliable edge
determinations are still possible! J
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© LHC prospects for the SUSY-Yukawa sum rule | Full simulation - preliminary!
Improved kin

1
so far: simple linear kink fit, three fit parameters ¥
O good results for sharp edges ®

n,

but: edges are smeared out by jet energy smearing

O convolute linear kink fit function with Gaussian distribution

o semi-realistic fit function
o reliably determines edges with significant smearing

o fit uncertainties better under control




o 4 MSSM masses determined — only 120 parameters left ©




Results

© LHC prospects for the SUSY-Yukawa sum rule

o 4 MSSM masses determined — only 120 parameters left ©

o rewrite T as

T = —5(mj, —mj )+ —5=(mg, —mj ) = —5—(mj, —mj )
%" AT, AT,

© our measurements yield Y’ = 0.53704? l theory: 0.35

o however no information on AY;, AT,
O sum rule test has to wait for lepton collider




 LHC prospects for the SUSY-Yukawa sum e Results

o Y/ alone does not test the sume rule
o but assuming the MSSM it can be used to restrict 6; and 6,

.2 2
;o sin® 6, , 9 sin“ 6, o 9
=2 - ) (mg, —mg )+ 02 (mg, —mj )
T|<1
AYT:>0 AYp>0
T/<<O|:|t1NtR T/NODthtL,bleL T >00 bleR
Y' e (-10,-5) Y €(0.375, 0.725) Ye

00 0z 04 06 :
Is:l Ise Is:l

for direct ; measurement, see e.g. HISANO ET AL, HEP-PH/0304214;
PERELSTEIN, WEILER, 0811.1042; ROLBIECKI ET AL, 0909.3196




@ SUSY-Yukawa sum rule relates stop-Higgs coupling to stop and
sbottom masses and mixing angles [J measurable quantities

@ verifying (or falsifying) the sum rule means testing SUSY as the
origin of the weak scale stabilization

©

full measurement will have to wait for lepton collider

@

we can make significant progress at the LHC in some regions of
parameter space:

masses of i1, by, g and ¥{ can be determined

O prediction for 6;, 6

©® we also developed new techniques to reduce combinatorial
backgrounds in M9 analyses
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parameter EWSB scale value

My 100 GeV
M273 450 GeV
Ay 390 GeV
I 400 GeV

tan 8 10
My 600 GeV
Mg, 2 o aripd 1000 GeV

€L,R,TL,R,YLUR,CR
meg 310 GeV
L

780 GeV

ng




Background Generator €0 | €b€EkinT
454+ (Z — vv) | MGME, ALPGEN 101b
diboson + jets — < 101fb
tt - nt+ X MGME, BRIDGE | 21.6 pb 25 b
t — < 30fb

assumed b-tagging efficiencies: 0.6 (b), 0.1 (¢, 7), 0.01 (light jet)




o SUSY spectrum and decays calculated using SUSY-HIT

©

parton-level analysis for /s = 14 TeV pp collisions

©

Monte Carlo event samples generated by MadGraph/MadEvent

©

fully decayed final state obtained with BRIDGE

©

leading order analysis, using CTEQG6I1 pdf sets

©

Gaussian smearing of jet energies

AFE 50
= % @ 3%

E VE[GeV]

to simulate detector response




	Introducing the SUSY-Yukawa sum rule
	Mass measurements -- overview
	LHC prospects for the SUSY-Yukawa sum rule
	Parton level analysis
	Full simulation - preliminary!
	Results

	Conclusions

